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Abstract

The Academy of Nutrition and Dietetics Evidence Analysis Center conducted a systematic review 

of the literature to develop an evidence-based practice guideline for primary nutrition issues in 

cystic fibrosis (CF). This guideline is designed to complement and build upon existing evidence

based CF nutrition guidelines. The objective of this guideline was to provide recommendations 

for registered dietitian nutritionists in the United States delivering medical nutrition therapy to 

individuals with CF and their families that fill gaps in current evidence-based guidelines on 

topics that are crucial in order to improve health and prevent disease progression. This guideline 

provides 28 nutrition recommendations to guide medical nutrition therapy, including nutrition 

screening, nutrition assessment, and dietary intake. For topics outside the scope of this guideline, 

practitioners are referred to external, evidence-based recommendations. The CF landscape is 

evolving rapidly with breakthroughs in cystic fibrosis transmembrane regulator modulators 

changing CF at a cellular level. Medical nutrition therapy for individuals with CF from infancy 

through advanced age requires novel and individualized approaches. The Academy Evidence 
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Analysis Library CF guidelines provide a framework for expanding upon current knowledge to 

determine effective nutrition strategies for individuals with CF through long and healthy futures.

Nutrition management is an essential component of overall care for all individuals with 

cystic fibrosis (CF) in order to prevent and remediate malnutrition, which is strongly 

associated with pulmonary function and survival. Rapid advances in the understanding 

and treatment of CF, including the introduction of cystic fibrosis transmembrane regulator 

(CFTR) modulation therapies, necessitate evolution in medical nutrition therapy (MNT) for 

the many different manifestations of this complex disease.

Recently, 2 general nutrition care guidelines for CF were developed by the Thoracic 

Society of New Zealand and Australia and the European Society for Clinical Nutrition and 

Metabolism, the European Society for Paediatric Gastroenterology Hepatology and Nutrition 

and the European Cystic Fibrosis Society.1,2 In the United States, The Cystic Fibrosis 

Foundation (CFF) has sponsored numerous recommendations and guidelines that include 

nutrition-related topics.3–9

The Academy of Nutrition and Dietetics Evidence Analysis Center (EAC) conducted a 

systematic review of the literature to develop an evidence-based practice guideline for 

primary nutrition issues in CF. This guideline is designed to complement, build upon, 

and expand the existing Australian/New Zealand, European, and CFF recommendations 

and guidelines. The EAC CF guidelines are intended to inform the practice of registered 

dietitian nutritionists (RDNs) in the United States who provide individualized nutrition care 

for children and adults with CF and to identify gaps in the primary literature that require 

attention to improve nutrition practice.

In 1988, the seminal work of Corey and colleagues,10 elucidated the impact of achieving 

and maintaining better weight and height on lifespan for individuals with CF. The emphasis 

of MNT for CF shifted from a low-fat, high-protein diet prescribed to control symptoms of 

steatorrhea and abdominal discomfort to a high-energy, high-fat diet designed to promote 

weight gain. Nutritional management continued to focus on the attainment of body mass 

index (BMI; calculated as kg/m2) through the prescribed high-energy, high-fat, CF “legacy 

diet.” Diet quality and nutrient density received much less attention. Recent studies of 

the diet records of children with CF in Australia and the European Union demonstrated 

the achievement of CF estimated energy requirements through overconsumption of 

energy-dense, nutrient-poor foods, particularly sugars, saturated fats, and highly processed 

foods.11,12

The landscape of nutrition care is changing for those with CF, particularly since the 

introduction of CFTR modulation therapy, which may result in less-severe symptoms, longer 

lifespan, and less risk of undernutrition. The future health of adults and children with 

CF may be jeopardized by the continued reliance on a high-energy, nutrient-poor diet. 

Although a paucity of data suggest individuals with CF benefit from general population

based nutrition recommendations, there are currently no data to demonstrate adults and 

children with CF are exempt from these recommendations. For nutrition topics outside the 

scope of the current guideline, the workgroup has identified, reviewed, and approved of 
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recommendations from external guidelines as a reference for practitioners (Figure 1). An 

executive summary of recommendation statements and ratings can be found in Figure 2.

GUIDELINE OBJECTIVE

Our aim was to provide recommendations for RDNs delivering MNT to individuals with CF 

and their families that fill gaps in current evidence-based guidelines on topics that are crucial 

in order to improve health and prevents disease progression.

METHODS

Development of this evidence-based nutrition practice guideline and supporting systematic 

review followed rigorous processes established by the EAC.13,14 Methods specific to this 

guideline and the supporting systematic reviews are described briefly here, and in detail on 

the Evidence Analysis Library (EAL) website.15 For nutrition topics outside of the scope 

of this guideline, external evidence-based guidelines were reviewed using the Appraisal of 

Guidelines for Research and Evaluation II tool16 and graded recommendations were voted 

on by workgroup members in order to provide practitioners with a comprehensive guide to 

CF MNT (Figure 1).

Workgroup Description and Selection Process

In 2017, workgroup member applicants were reviewed and selected by the Academy’s 

Evidence-Based Practice Committee (now represented on the Academy’s Council on 

Research). Workgroup members included 6 RDNs with extensive experience in MNT 

and/or research with individuals with CF. Two parents of individuals with CF served as 

patient advocates. All team members participated in each step of the systematic review 

and guideline development process. Additional team members included systematic review 

and guideline methodologists, a medical librarian, a project manager, lead analysts, and 

trained evidence analysts. The workgroup met in a virtual workspace approximately twice 

per month to develop research questions, screen studies, analyze evidence, vote on and grade 

conclusion statements, and develop and discuss recommendations.

GUIDELINE SCOPE

Results of an evidence scoping review revealed that recent evidence-based nutrition 

guidelines for individuals with CF do not include guidance on frequency of MNT or give 

recommendations for staffing for RDNs working primarily in the United States. In addition, 

there was an absence of evidence-based recommendations describing valid and reliable 

nutrition screening and assessment methods to guide nutrition diagnosis and little evidence

based literature examining optimal food intake for individuals with CF.17 Therefore, in this 

guideline, the authors sought to fill gaps and address current changes in CF treatments and 

trends in nutrition status.

Systematic Review Process Summary

Question Development, Literature Search, and Study Selection.—This guideline 

followed the Academy of Nutrition and Dietetics systematic review methodology.13 The 
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PICO (population [P], intervention or exposure [I], comparison or control [C], and outcome 

[O]) questions, eligibility criteria (Figure 3), and search plan for this systematic review were 

registered a priori on the PROSPERO database (CRD42018097373).18 The PICO questions 

examined in this guideline and supporting systematic review are listed in Figure 4.

A comprehensive search of literature was conducted by a systematic review librarian 

using MEDLINE, EMBASE, and CINAHL databases. Search terms included terms to 

identify relevant nutrition screening and assessment tools, dietary intake, and relevant CFTR 

modulation therapy trials in individuals with CF. Details of the search plan can be found on 

the EAL website.15 Preferred Reporting Items for Systematic Reviews and Meta-Analyses19 

flow diagrams for each of 3 literature searches can be found in Figure 5 (available at 

www.jandonline.org).

Study Quality Assessment.—Two independent reviewers assessed the risk of bias for 

each study using the Academy’s online risk of bias tool, the Quality Criteria Checklist.20 

The questions of the Quality Criteria Checklist are based on quality constructs and risk 

of bias domains identified by the Cochrane Collaboration,21 including selection bias, 

performance bias, detection bias, attrition bias, and reporting bias. Any discrepancies 

between the 2 reviewers were resolved by consensus or a third reviewer.

Data Synthesis and Grading the Evidence.—Descriptive synthesis of evidence was 

conducted for all identified outcomes reported in included studies. Meta-analysis was 

considered for the RCTs examining effect of CFTR modulation therapy on nutrition status, 

but data were insufficient for meta-analysis for all other PICO questions/outcomes.

Study characteristics tables describing the included studies can be found on the EAL 

website.15 Conclusion statements were developed for each PICO question. Each of the 

conclusion statements was assigned a grade to reflect the quality of evidence by examining 

risk of bias of included studies, inconsistency of results, imprecision, indirectness of the 

evidence, and publication bias for each outcome reported in included studies. A Summary 

of Findings table was generated using GradePro and demonstrated how the strength 

of evidence (Grading of Recommendations Assessment, Development, and Evaluation 

[GRADE]) was derived for each outcome of interest.22 All Summary of Findings tables 

can be found on the EAL website.15 Using this method, the evidence for each outcome of 

interest was graded as I (Good/Strong), II (Fair/Moderate), III (Limited/Weak), or V (no 

evidence available) (Figure 6).

Guideline Development

This guideline followed the Academy’s EAC process for guideline development.14 For 

each nutrition topic investigated for which evidence was available, workgroup members 

completed GRADE’s Evidence-to-Decision framework, which guides review of the balance 

of benefits and harms, certainty of evidence, outcome importance, resource use, equity, 

patient values, acceptability and feasibility based on available evidence, and clinical 

expertise in order to develop recommendations.23–25 In addition to evidence-based 

recommendations, in certain scenarios “Consensus” statements were developed based on 

clinical expertise; literature outside of the systematic review; and nutrition principles and 
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growth goals for the general population, with specifications that all practice decisions should 

be individualized according to the specific client. All consensus recommendations were 

discussed and approved unanimously by the workgroup. The workgroup and staff used the 

Academy method for rating recommendations based on strength of evidence/confidence in 

findings and clinical experience (Figure 7).

Workgroup members and patient advocates participated in a final, blinded vote of 

recommendation statements, and a majority of votes approving the statement were necessary 

for each statement to be accepted into the final guideline. Each recommendation was 

approved unanimously by the workgroup members. For each set of recommendations, 

the workgroup members and patient advocates specified potentials risks and harms, 

conditions of application, costs, recommendation narrative/rationale, and rationale for the 

recommendation rating. In these sections, the workgroup members also cited additional 

references important to the respective topic, including discussion of studies published after 

our search dates or other systematic reviews on the topic. An abbreviated version of 

supporting evidence is included in this article and the complete version can be found on 

the EAL website.16

External Peer-Review Process.—These guidelines underwent a peer-review process. 

External review was conducted by 19 experienced RDNs and physicians in this field. The 

Appraisal of Guidelines for Research and Evaluation II tool criteria was used to assess the 

quality of guideline reporting.16 An additional external content review was conducted by 

the CFF in order to insure feedback from a variety of stakeholders in the CF community. 

The workgroup chair and project manager coordinated the final revision of the guideline 

document based on external review comments and any recommendation statements that 

were edited during external review were voted on and approved unanimously by workgroup 

members.

Guideline Updates.—Academy guidelines are revisited every 5 years. A scoping review 

will be conducted to examine the need for new and revised recommendations based on the 

available science. The Academy’s Council on Research determines whether the update will 

include modification to all, some, or no recommendations compared to the earlier version(s) 

of the guideline, or development of new recommendations.

RECOMMENDATION STATEMENTS AND SUPPORTING EVIDENCE

1.0 MNT: Suggested Approach and Dietitian Full-Time Equivalents

Recommendation 1.1.—RDNs or international equivalents should collaborate with all 

individuals with CF, their families, and interdisciplinary health care teams to co-produce 

individualized MNT based upon the individual’s personal preferences, psychological and 

psychosocial factors, physiological needs, health status, and pharmacologic interventions. 

MNT for individuals with CF should include comprehensive nutrition assessment and 

appropriate interventions, including individualized modification of diet, dietary supplements 

including micronutrient supplements, and pancreatic enzymes, in order to maintain or 

improve nutrition status and symptoms over time.
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Strength: Fair

Imperative

Recommendation 1.2.—It is reasonable for 1 full-time equivalent RDN or international 

equivalent to provide care for 75 to 150 individuals with CF. A caseload at the lower end 

of this range is appropriate for RDNs who work primarily with the pediatric population 

or adults with advanced disease and/or comorbidities in order to deliver continuous, high

quality nutrition care that effectively manages nutrition challenges and prevents disease 

decline.

Strength: Consensus

Conditional

Rationale:  Anticipative, proactive nutritional management is essential to daily, preventive 

care and treatment in CF. Consistent contact between individuals with CF, their families 

and the RDN is essential for developing rapport and long-term relationships that 

facilitate addressing nutrition challenges and preventing adverse nutrition related outcomes 

throughout the life-span. The RDN is a critical member of an interdisciplinary team that 

includes the individual with CF, family, physicians, nurses, respiratory therapists, and other 

health care professionals, such as pharmacists, psychologists, social workers, research 

coordinators, and/or physical therapists.26 CF RDNs provide expertise and education 

on topics including but not limited to malnutrition and nutrient deficiencies, vitamin 

and mineral (including sodium) supplementation, pancreatic enzyme replacement therapy 

(PERT), oral and enteral nutrition supplementation, as well as CF-related diabetes (CFRD) 

and other comorbid conditions.

Evidence for Pediatrics.—There was little evidence describing optimal MNT frequency 

identified in the systematic review (Table), and there was no evidence examining effects of 

MNT on outcomes for infants with CF. Evidence generally demonstrated that increased 

or intensified MNT, as part of a greater intervention, was associated with improved 

growth outcomes in children and adolescents with CF (Table).27–29 This evidence, along 

with conclusions regarding the importance of weight/growth in preventing pulmonary 

decline,30–53 demonstrate the critical role of an adequate level of care delivered by an RDN 

to improve outcomes.

Components of successful MNT interventions included:

• specified frequency of nutrition screening and conditions for assessment;

• individualized energy and supplement prescriptions;

• twice weekly to quarterly monitoring of weight and growth, with specified cut 

points for oral nutrition supplementation;

• individualized nutrition education sessions regarding PERT, energy 

requirements, vitamin and mineral needs.
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Evidence for Adults.—There was no evidence available examining the efficacy of MNT 

provided by an RDN or international equivalent in adults with CF.

Implementation.—The course of nutrition intervention will be highly dependent on the 

individuals with CF and their families, including their cultural values and individualized 

goals. Evidence-based recommendations addressing specific approaches to behavioral 

modification and nutrition education are addressed in Nutrition Guidelines for Cystic 
Fibrosis in Australia and New Zealand.1 RDNs must work with the entire interdisciplinary 

CF team and family to facilitate implementation of nutrition prescriptions that:

• are feasible;

• foster long-term enjoyment of and a healthy relationship with food;

• increase intake of essential nutrients;

• decrease intake of high-energy, low nutrient density foods, especially those that 

may contribute to impaired glucose or lipid homeostasis; and

• optimize nutrition status while aligning with each individual’s personal health 

goals.

RDN Effort.—Providing appropriate, proactive, individualized nutrition care in the modern 

age of CF, in which 90% of individuals will be on CFTR modulation therapy, will require 

increased involvement and care from an RDN. Therefore, based on clinical experience, 

anticipation of increasing heterogeneity in the CF population and external reviewer 

feedback, the workgroup elected to corroborate the guidance from Australia and recommend 

a caseload of 75 to 150 CF clients per RDN full-time equivalent.1 The recommended 

caseload for CF RDNs should be considered as general guidance, because some individuals 

with CF may require more intensive nutrition care in order to manage nutrition status and 

comorbidities. These populations include individuals with a new CF diagnosis; pediatric 

individuals, including those transitioning to adult care; those with advanced lung disease 

or pulmonary exacerbations; those who are pre- or post-lung transplantation; those who 

have CFRD, liver disease, unintentional weight loss, or decline in nutrition status; those 

on enteral or parenteral nutrition or other significant comorbidities; and those who have 

lower socioeconomic status. RDNs working in both inpatient and outpatient settings should 

maintain caseloads at the lower end of the range recommended. As triple combination CFTR 

modulation therapy further changes the landscape of nutrition care, RDNs will have to take 

an even more individualized approach to nutrition care planning. It is likely that the lower 

end of the case range may be appropriate for all RDNs in all care settings moving forward. 

The recommendation describing the suggested case load for RDNs is based on standards 

from the United States and other comparable countries, as well as expert consensus/opinion.

2.0 Nutrition Screening: Pediatrics

Recommendation 2.1.—For infants and children with CF <2 years of age, it is 

reasonable to measure weight and length at each clinic visit and to screen for risk of 

impaired growth and other nutrition concerns at least monthly for the first 6 months of age, 
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every other month from 6 to 12 months of age, and quarterly from 12 to 24 months of age to 

identify nutrition risk.

Rating: Consensus

Imperative

Recommendation 2.2.—Infants and children with CF <2 years of age should be screened 

for nutrition risk by comparing weight-for-age, weight-for-length, and length-for-age z

scores or percentiles to birth weight and to growth norms using WHO growth charts for 

the general population because these parameters are longitudinally associated with lung 

function. Children who are not maintaining birth weight, weight-for-length, or length-for

age z scores or who have depressed growth compared to the general population should be 

referred for full nutrition assessment by an RDN or international equivalent.

Rating: Strong

Imperative

Recommendation 2.3.—For children and adolescents with CF ages 2 to 20 years, weight 

and height should be measured at each clinic visit and children should be screened for risk 

of impaired growth and other nutrition concerns at least quarterly or more frequently based 

on clinical condition to identify nutrition risk.

Rating: Fair

Imperative

Recommendation 2.4.—Pediatric individuals with CF 2 to 20 years of age should 

be screened for nutrition risk by comparing growth percentiles and z scores to general 

population norms using Centers for Disease Control and Prevention (CDC) growth charts 

for the general population because these parameters are longitudinally associated with lung 

function. Children and adolescents who have a BMI-for-age <50th percentile and/or who 

have concerning trends in BMI-for-age, weight-for-age, or height-for-age z scores should be 

referred for full nutrition assessment by an RDN or international equivalent.

Rating: Strong

Imperative

Rationale:  Undernutrition is a common concern for individuals with CF due to increased 

energy expenditure and decreased nutrient absorption.54 In the systematic review of the 

literature, undernutrition demonstrated a clear longitudinal relationship with lung function 

decline and mortality.30–53 Participants who maintained a weight, length, weight-for-length, 

and BMI >50th percentile from infancy and early childhood had higher FEV1% (percent 

forced expiratory volume in 1 second) predicted values 4 to 16 years later, although there 

was no added improvement for those who maintained growth parameters >85th percentile 

compared with >50th percentile (Table).31–46
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When monitoring clients, RDNs must use clinical judgment to determine whether a child 

with z scores below this cutoff is actually at nutrition risk or they are stable on a lower 

growth curve and assessment is not needed. While increasing or decreasing z scores will 

nearly always be an indication for full assessment, this may or may not be possible, 

depending on the other health concerns the client is managing at any given time.

World Health Organization vs CDC Growth Charts.—In accordance with 

recommendations for the general population, practitioners may use World Health 

Organization (WHO) growth standards for infants 0 to 24 months of age and begin using 

CDC growth charts at age 2 years.55 For infants and children 0 to 24 months of age, 

WHO growth charts, compared to CDC growth charts, were less likely to define children 

as <50th percentile for weight-for-age and weight-for-length.37,56 Therefore, if practitioners 

use WHO growth charts to screen for growth, percentiles <70th percentile may be used 

to identify nutrition risk rather than the <50th percentile recommended when using CDC 

growth charts.

Please see the EAL website for additional implementation considerations.15 

Recommendations are based on systematic review (Table) as well as clinical experience 

and norms in clinical practice from the CF Foundation.57

3.0 Nutrition Screening: Adults

Recommendation 3.1.—In adults with CF >20 years of age, it is reasonable to measure 

weight and height at each clinic visit and to screen for malnutrition and/or other nutrition 

concerns at least quarterly or more frequently based on clinical condition to identify 

nutrition risk.

Rating: Consensus

Imperative

Recommendation 3.2.—Adults with CF >20 years of age should be screened for 

nutrition risk by evaluating absolute values and trends in BMI because BMI is longitudinally 

associated with lung function. Women who have a BMI <22, men who have a BMI <23, 

or adults who have concerning trends in BMI, either decreasing or increasing, should be 

referred for full nutrition assessment by an RDN or international equivalent.

Rating: Fair

Imperative

Rationale:  In adults with CF, data were mixed, but 1 large retrospective cohort study 

suggested that BMI 25 was associated with decreased decline in FEV1% predicted, and 

BMI <18.5 was associated with increased decline in FEV1% predicted compared to normal 

weight status after a follow-up of up to 13 years.33 Baseline FEV1% predicted was also 

associated with change in BMI over time,33 so it is likely that the relationship between 

weight parameters and lung function is bidirectional.
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In adults with CF, unfortunately, there was no included literature examining health outcomes 

according to BMI cutoffs recommended by the CFF: 22 for women and 23 for men. 

However, evidence did demonstrate that using a BMI cutoff of 18.5 to identify malnutrition 

in adults with CF may misclassify those who have a BMI higher than 18.5, but are 

malnourished based on low fat-free mass.58,59 There is no literature available to suggest 

that individuals with CF are exempt from overweight-or obesity-related comorbidities, such 

as type 2 diabetes, cardiac disease, or hypertension.

These recommendations should be interpreted and implemented with consideration of client 

history and goals. Many adults will naturally fall beneath the BMI cut points. When 

monitoring clients, RDNs must use clinical judgment to determine whether adults with 

BMI scores below these cutoffs are actually at nutrition risk or they are stable at a lower 

BMI and assessment is not needed. While drastic increases or decreases in BMI will nearly 

always be an indication for full assessment, this may or may not be possible at any given 

time, depending on the other health concerns the client is managing.

Please see the EAL website for additional implementation considerations.15 The 

recommendation for adult participants is based on systematic review (Table), as well as 

clinical experience and norms in clinical practice, guided by the CFF.57

4.0 Nutrition Assessment and Diagnosis of Nutrition Status: Pediatric and Adult

Recommendation 4.1.—In individuals with CF, a full nutrition assessment should be 

conducted by an RDN or international equivalent

• at diagnosis;

• when indicated by nutrition screening;

• up to monthly for the first 6 months of life; up to every other month until 1 year 

of age; and up to quarterly until 2 years of age;

• annually for individuals >2 years of age; and

• when disease or treatment course changes.

Rating: Consensus

Imperative

Recommendation 4.2.—In individuals with CF, the RDN or international equivalent 

should diagnose nutrition status, including underweight and overweight, based on a 

comprehensive assessment of weight and growth history and stature, body composition, 

disease severity, laboratory values, drugenutrient interactions/implications, and estimated 

energy expenditure compared to client/parent report of dietary intake and food security 

status, because CF nutrition pathology is highly individual and maintaining optimal nutrition 

status is a necessary component of preventing disease progression.

Rating: Strong

Imperative
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Rationale:  Malnutrition can occur quickly and insidiously in individuals with CF. 

Consistent, individualized, and ongoing assessment of nutrition status may prevent or 

remediate the effects of malnutrition on the progression of pulmonary disease and improve 

quality of life for individuals with CF. There was no evidence that examined overall 

nutrition assessment protocols in isolation, but in quality-improvement studies, increased 

contacts between individuals with CF/family and an RDN, including nutrition screening and 

assessment, resulted in improved anthropometric outcomes and decreased antibiotic use in 

pediatric individuals with CF.27–29,60 There were no studies of this nature available that 

examined adults with CF.

The systematic review supporting this guideline clearly demonstrated that undernutrition, 

defined by weight and length/height measures, is longitudinally associated with pulmonary 

decline and mortality in pediatric individuals and adults with CF.30–53 However, evaluating 

weight and growth measures only may overlook other complex factors that contribute to 

poor nutritional status and ultimately poorer lung function. For example, in adult participants 

with CF, using a BMI cutoff of 18.5 to identify malnutrition led to classifying subjects with 

higher BMI values as well-nourished, despite having inadequate fat-free mass.58,59

For most nutrition assessment parameters examined (eg, handgrip strength, micronutrient 

deficiencies, lipid profile, and Nutrition-Focused Physical Examinations [NFPE]), there was 

little or no evidence available in either the pediatric or adult CF population describing 

validity and reliability compared to a reference standards,61 and longitudinal relationship 

with mortality, FEV1% predicted, or quality of life.62 Therefore, it is unclear exactly how 

or how often these nutrition parameters should be assessed. To review significant changes 

in disease or treatment course that warrant full nutrition assessment, please see the EAL 

website.15

Components of Comprehensive Nutrition Assessment.—For individuals with CF, 

when conducting nutrition assessment to determine whether and what nutrition interventions 

are necessary, RDNs should evaluate:

Anthropometrics

• Growth parameters: pediatrics

– Conducted at each clinic visit

– Infants <2 years: Head circumference percentiles and z scores, weight

for-age weight-for-length, length-for-age percentiles, and z scores using 

WHO growth charts (please see WHO vs CDC Growths Charts in 2.0 

Nutrition Screening: Pediatrics)

– Pediatrics (18 years):Weight-for-age percentiles and z scores; height

for-age percentiles and z scores; BMI-for-age for children 2 years and 

older using CDC growth charts and weight status categories63

– When possible, biological parental height should be considered, or 

adjusted for, when evaluating linear growth64,65
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– CF centers and team members should collaborate to determine 

strategies for Tanner staging for adolescents, because self-reports can 

be inaccurate and Tanner examination can seem invasive

• Weight parameters: Adults

– Adult (>18 years): Weight, height, and BMI using CDC weight status 

categories66

• Body composition (please see 7.0 Body Composition Assessment section for 

details)

– Conducted during each nutrition assessment

– fat mass, fat-free mass, and bone mineral density according to external 

guidelines (please see Figure 1)

Biochemical (Please see “Nutrition Assessment of Biochemical Values” section for details)

• Glucose homeostasis measures, such as response to oral glucose tolerance testing 

(OGTT).

– Continuous glucose monitoring systems are not indicated for diagnosis 

of CFRD but may be ordered by an endocrinologist and data can be 

utilized by RDNs to guide nutrition care.

• Fat-soluble vitamins status including for levels of vitamins A, D3 (25-OH-D), 

and E as well as prothrombin time for vitamin K)

• Lipid profile, as indicated67,68

• Basic metabolic profile including sodium, chloride, potassium, blood urea 

nitrogen, glucose, and liver enzyme levels

• Urine sodium, as indicated3

Clinical

• Pulmonary function, including FEV1% predicted and pulmonary exacerbations

• Lung transplantation and other medical history Pancreatic insufficiency and 

pancreatic enzyme replacement therapy

• Other medications that may alter nutrient intake or needs, such as appetite 

stimulants, growth hormones, insulin, and/or CFTR modulation therapy

• Gastrointestinal symptoms (constipation, symptoms of malabsorption 

including diarrhea/steatorrhea, distal intestinal obstruction syndrome [DIOS], 

gastroesophageal reflux disease, small intestinal bacterial overgrowth, 

Clostridium difficile infection)

• Comorbidities, including CF-related diabetes, CF-related liver disease, CF

related bone disease, gallbladder/kidney issues, sinus disease, or other 

gastrointestinal comorbidities, such as celiac disease or inflammatory bowel 

disease

McDonald et al. Page 12

J Acad Nutr Diet. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



• NFPE69

Dietary

• Dietary intake history, including meal patterns. Quantitative assessment of 

dietary intake, including energy intake, may be assessed at least annually

• Nutrient requirements, including energy expenditure using indirect calorimetry 

or appropriate prediction equations (please see section 6.0 Assessment of Energy 

Requirements)

• Eating environment and challenges for the individual with CF and family, 

including level of food security and access to resources to implement RDN 

recommendations

• Values/beliefs related to dietary choices (eg, vegetarian, vegan, religious 

observations)

Other

• Beliefs about the impact of nutrition status on CF disease progression

• Nutrition goals for the person with CF and family, such as weight status goals, 

dietary intake goals, reduction of nutrition-related symptoms, or improved body 

image

• Social determinants of health

• Values and beliefs about food and nutrition

After comprehensive nutrition assessment, the RDN should work with the individual, 

family, and interdisciplinary health care team to determine health care, including nutrition 

priorities. RDNs are poised to translate assessment findings into individualized education 

and counseling, in order to co-produce a nutrition care plan that works for the individual 

with CF. As more information is gathered, nutrition diagnoses may evolve, dictating a 

modification to the treatment plan.

Please see the EAL website for additional implementation considerations, including changes 

in disease course or treatment that would warrant additional or more frequent nutrition 

assessment. The “effect” of nutrition assessment is difficult to gauge in studies because it 

is the first step in Nutrition Care Process and subsequent steps also affect nutrition-related 

outcomes. Therefore, in addition to systematic review (Table), recommendations were also 

supported by clinical expertise, and guidance from the CF Foundation.5

5.0 Role of CFTR Modulators in Nutrition Assessment

Recommendation 5.1.—For individuals with CF of all ages who receive CFTR 

modulation therapy, the RDN or international equivalent should continue to conduct 

nutrition screening with nutrition assessment as indicated based on age because these 

medications may change nutrient needs for some individuals with CF.

Rating: Fair
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Imperative

Rationale:  In the years since ivacaftor became the first commercially available CFTR 

restoration compound in 2012, the numbers of individuals with CF who qualify for this and 

subsequent modulation therapies has increased sharply. The goal of the CFF is to provide 

some type of CFTR modulation therapy for 100% of individuals with CF.70

The systematic review supporting this guideline elucidated that the effects of CFTR 

modulators on BMI and other anthropometric measures are dependent on formulation of 

the drug and the CFTR genotype of the individual (Table). Detailed results can be found 

on the EAL website.15,71–83 Anthropometric measures were not primary outcomes in these 

pharmacologic studies and some studies were not included because they did not report 

age-appropriate weight/growth measures. There were no included studies that examined the 

effect of CFTR modulators on body composition or the effect of diet on the relationship 

between CFTR modulators and weight/growth parameters.

Stallings and colleagues84 demonstrated that ivacaftor treatment in patients with CF with 

at least 1 CFTR gating mutation decreased resting energy expenditure, decreased fecal 

cal-protectin (a measure of gut inflammation), and increased fat absorption, especially in 

those with exocrine pancreatic insufficiency. The full nutrition impact of different CFTR 

modulation therapies in individuals with CF is not understood at this time. More studies 

are needed regarding how CFTR modulators and dietary intake interact to affect nutrition 

status. This topic is particularly important because new CFTR “triple combination” therapy 

(elexacaftor-tezacaftor-ivacaftor) is now available and will reach individuals with CF with 

at least one F508del mutation, which constitutes up to 90% of the CF population. Phase III 

studies of elexacaftor-tezacaftor-ivacaftor therapy have demonstrated improvement in BMI 

and BMI-for-age z scores in individuals who have either 1 or 2 copies of the F508del 

mutation.85,86 RCTs that have examined the nutrition implications of CFTR modulation 

therapy have not reported nutrition-related measures other than weight-based parameters, 

and, thus practitioners, may need to depend on observational studies that track effects of 

more patient-centered health outcomes over time.

Nutrition Prescription and PERT with CFTR Modulation Therapy.—None of the 

included CFTR modulation therapy studies reported dietary intake data in subjects with CF, 

therefore, it is unknown how (or whether) RDNs should modify nutrition recommendations 

once this therapy is started. In order to be well absorbed, genetic modulator agents need to 

be taken with an adequate amount of dietary fat87 and the appropriate dose of PERT, when 

applicable. Meals and snacks can be scheduled to accommodate CFTR modulation therapy, 

which is given every 12 hours. Therefore, the role of the RDN in assessing and counseling 

patients as they commence these therapies is paramount. Although there is limited evidence 

that biomarkers of intestinal absorption84 and pancreatic function88,89 are improved with 

ivacaftor, there is not enough evidence to warrant reduction or cessation of PERT therapy 

when patients begin taking CFTR modulators.90 In some cases, CFTR modulators may 

decrease energy expenditure and energy prescription may need to be decreased in order 

to avoid excessive weight gain and resulting health risks.84 Adherence to a diet that 

is closer to population norms may be challenging for individuals who have historically 
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consumed high-calorie and high-fat, high-protein, high-salt diets. Therefore, individuals who 

begin CFTR modulation therapy must be fully and continually assessed to determine how 

these medications may be affecting nutrition status. Although it is not recommended at 

this time, if individuals/families consider stopping or have stopped PERT, RDNs should 

co-partner with individuals and health care team to monitor fecal elastase, weight changes, 

gastrointestinal symptoms, and fat-soluble vitamin levels and, when possible, 72-hour fecal 

fat.

6.0 Assessment of Energy Requirements

Recommendation 6.1.—In pediatric (<20 years of age) and adult individuals with CF, it 

is reasonable for the RDN or international equivalent to measure energy needs using indirect 

calorimetry, when feasible and indicated, because indirect calorimetry is the gold standard 

for measuring energy expenditure in clinical settings.

Rating: Consensus

Conditional

Recommendation 6.2.—In pediatric individuals with CF 20 years of age, the RDN 

or international equivalent may estimate energy needs at each nutrition assessment using 

the Recommended Dietary Allowance or Institute of Medicine active lifestyles formulas 

because these formulas were the most accurate compared to indirect calorimetry in this 

population. Energy needs should be individualized based on growth history, nutrition status 

and medications, physical activity, and disease severity.

Rating: Weak

Conditional

Recommendation 6.3.—In adults with CF >20 years of age, the RDN or international 

equivalent may estimate energy needs annually or with unintentional weight changes using 

standard energy expenditure equations 1.25 because estimated energy requirements for the 

general population may underestimate needs in adults with CF. Energy needs should be 

individualized based on nutrition status and medications, physical activity, and disease 

severity.

Rating: Weak

Conditional

Rationale:

Evidence in Pediatrics.: In 1 study of children with CF who were primarily pancreatic 

insufficient, CF-specific energy equations overestimated needs (122%−136%) compared to 

doubly labeled water. Energy expenditure estimated with the Institute of Medicine active 

lifestyle formula and Recommended Dietary Allowance were similar to measured values, 

although these equations did not adjust for individuals’ activity level. Evidence was only 
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available for 6-to 20-year-old children and adolescents and, thus, may not be generalizable 

to younger children.91–93

Evidence in Adults.: In adults with end-stage CF, Harris-Benedict, Schofield, and WHO 

1985 energy expenditure equations underestimated energy needs compared to indirect 

calorimetry (76%−78% pre-lung transplantation and 90%−91% post-lung trans- plantation). 

Underestimation was greater in those with more severe disease.91,92,94

When direct measurement by indirect calorimetry is available and feasible, measurement of 

energy expenditure may be indicated for individuals on enteral or parenteral nutrition, those 

struggling to maintain weight/growth, or according to patient preference. While indirect 

calorimetry can be conducted in pediatric clients, it may be difficult for them to cooperate 

for the duration of the procedure. These recommendations provide a starting point for 

estimating energy requirements, but will not be completely accurate for every individual 

with CF. Energy estimates may be decreased for those on certain medications (eg, CFTR 

modulation therapy) or with concerning increasing trends in weight and will need to be 

increased for those with concerning decreasing trends in weight/growth, and with physical 

activity. Increasing disease severity, including exocrine pancreatic insufficiency, may 

increase energy needs. Needs will also be increased to account for refeeding with severe 

malnutrition and initially after lung transplantation. Once an individual is stabilized and 

discharged after transplantation, however, energy needs may decrease.95–99 RDNs should 

individualize energy prescription by adjusting estimates according to growth and weight 

trends, individual disease status (including overweight/obesity), extent of malabsorption, 

and physical activity. Ultimately, weight loss or gain is the gold standard for increasing 

or decreasing energy prescription. Further research may result in changes to the above 

recommendations.

7.0 Body Composition Assessment

Recommendation 7.1.—In individuals with CF >8 years of age, it is reasonable for 

the RDN or international equivalent to assess bone mineral density, fat mass, and lean 

mass using dual-energy x-ray absorptiometry (DEXA), when feasible and indicated because 

DEXA is the gold standard for assessing these measures in clinical settings.

Rating: Consensus

Conditional

Recommendation 7.2.—In all individuals with CF, when body composition assessment 

with DEXA is not feasible or indicated, it is reasonable for the RDN or international 

equivalent to assess mid-upper arm circumference with single-site skinfold measures and/or 

NFPEs at each nutrition assessment in order to aid in the classification of nutrition status 

over time.

Rating: Consensus

Conditional
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Recommendation 7.3.—In individuals with CF, when DEXA is not feasible or indicated, 

the RDN or international equivalent may use age-appropriate tests, including skinfold 

measures or bioelectrical impedance analysis (BIA) with caution when tracking body 

composition over time, understanding that prediction equations using these methods may 

over-or underestimate absolute fat and fat-free mass.

Rating: Weak

Conditional

Rationale:  Increased risk of malnutrition in CF may lead to alterations in body 

composition, including fat and lean mass as well as bone density. Compared to the general 

population, individuals with CF have less fat-free mass and bone mineral density,100 which 

increases risk for sarcopenia, protein-energy wasting, and osteopenia. While BMI is useful 

for screening for nutrition risk, it does not provide a clear indication of body composition 

(eg, fat-free mass, fat mass).

There were no studies available to indicate whether body composition, assessed by any 

means, is useful in predicting hard outcomes in either pediatric or adult individuals with 

CF.62 However, some cross-sectional studies have suggested that fat-free mass is more 

strongly associated with lung function than BMI.59,101–106 In the general population, fat-free 

mass is inversely associated with mortality and mediates the association between BMI and 

mortality.107

In validity and reliability studies, for pediatric individuals with CF, there were differences 

in fat mass and fat-free mass measured by equations utilizing 2- or 4-site skinfold 

measurements or BIA compared to gold standards. The amount of difference, along 

with whether the mass was overestimated vs underestimated, was variable according to 

individuals’ sex and body composition.108–110 These findings were in agreement with a 

2019 systematic review conducted by Calella and colleagues, which described that accuracy 

of skinfold measures and BIA may have limited accuracy if individuals with CF have 

abnormal hydration status or if appropriate prediction methods are not used.111,112 BIA 

devices may be multifrequency or spectroscopy or single frequency, the latter of which is 

considered to be less accurate. Multifrequency BIA estimates were accurate for measuring 

body composition compared to DEXA if CF-specific equations were used, but evidence was 

limited to 1 study with the pediatric population.113

In adults with CF, compared to DEXA, assessment of fat-free mass using skinfold measures 

or BIA with equations intended for the general population under- or overestimated fat-free 

mass by a mean of e3.3 kg to 2.9 kg and, therefore, had low validity.114,115 Although body 

composition methods may have limited accuracy for individuals with CF, repeated measures 

may give an overall picture of trends in body composition changes over time.

There was no evidence to determine whether NFPEs or mid upper arm circumference 

(MUAC) can be used to validly and reliably assess body composition or whether it is 

longitudinally associated with health outcomes in individuals with CF.62 However, because 

the accuracy and reliability of other methods to assess body composition were unclear, 
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NFPE and MUAC may contribute information regarding changes in nutrition status over 

time, even though they may not provide quantified values of fat mass or fat-fee mass or give 

specific information about changes in fat-free mass compared to fat mass. The Academy and 

the American Society for Parenteral and Enteral Nutrition suggest use of MUAC in children 

and adolescents to diagnose malnutrition in the general population,116 which has the 

advantage of not relying on prediction equations developed for the non-CF population. Use 

of raw measures for skinfolds, MUAC, and BIA, in comparison to available age- and sex- 

and ethnicity matched reference populations may provide useful information for nutrition 

assessment and are not limited by unvalidated assumptions of using prediction equations 

developed in healthy populations. Reference equations are available for anthropometric 

(skinfold and MUAC) measures across all ages.117–119 Various population reference values 

for raw bioimpedance parameters are also available,120–122 although specific BIA devices 

are variable.

Indications for DEXA Scans.—Consensus guidelines for individuals with CF specify 

that individuals with CF should have a DEXA scan beginning at 8 years of age 

when indicated.4,123–125 Please see the EAL website for details regarding indications for 

assessment with DEXA.15

Frequency of Skinfold Measures, MUAC, NFPE, and BIA.—Alternative methods of 

measuring body composition may not be validated for the CF population. However, when 

tracked over time, relative measurements can contribute to a malnutrition diagnosis over 

time. Therefore, body composition measures with these methods should be assessed at each 

nutrition assessment (please see Nutrition Assessment section).

Methods for Measuring BIA.—Given the variability in BIA devices and the sensitivity 

of BIA to hydration status and timing of meals (eg, fasting status), the same protocol 

and testing conditions should be used over time.126 Furthermore, manufacturer-provided 

estimates of fat mass and fat-free mass may be based on unknown proprietary equations, 

thus BIA devices that provide raw parameters, such as reactance and resistance should be 

used.

For more implementation considerations, please see the EAL website.15 These 

recommendations are based on systematic review (Table), external consensus guidelines, 

and clinical expertise.

8.0 Nutrition Assessment of Biochemical Values

Recommendation 8.1.—For individuals with CF 10 years of age who have not 

previously been diagnosed with diabetes, OGTT is recommended annually or as indicated 

by glucose levels and clinical signs and symptoms (weight loss, increase in pulmonary 

exacerbations, and/or loss of lung function) during nutrition assessment, because progression 

to CFRD is a risk factor for pulmonary decline and mortality.

Rating: Strong

Conditional
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Recommendation 8.2.—For all individuals with CF, regardless of exocrine pancreatic 

function, it is reasonable for the RDN or international equivalent to assess fat-soluble 

vitamin levels at least annually because there may be high risk of fat-soluble vitamin 

abnormality due to pancreatic insufficiency and malabsorption.

Rating: Consensus

Conditional

Recommendation 8.3.—For individuals with CF, it is reasonable for the RDN or 

international equivalent to evaluate fasting lipid profile at least once between the ages of 

10 and 20 years and every 4 to 6 years thereafter, or more frequently if the individual has 

multiple risk factors for cardiovascular disease, in order to detect and prevent dyslipidemia.

Rating: Consensus

Conditional

Rationale:  The RDNs role in recommending assessment of laboratory values outside 

of the typical blood panel will vary by facility policies, health care team, and specific 

RDN. In some cases, the RDN may recommend assessment of laboratory measures if a 

nutrition concern is suspected or in accordance with standard practices to prevent disease 

progressions (such as regular OGTTs). Correcting abnormal laboratory values will rarely be 

the sole responsibility of the RDN, who works within the interdisciplinary team to determine 

whether an abnormal laboratory value is a priority and, if so, what can be done to correct it 

that is in the best interest of the specific individual at the specific time.

OGTT.—Endocrine pancreatic insufficiency is a hallmark of disease pathology for many 

individuals with CF, which may ultimately result in glucose intolerance and CFRD. Rates of 

OGTT completion have traditionally been low,54 due to time commitment, multiple needle 

sticks, and taste aversion to the glucose solution.

In the systematic review supporting this guideline, pediatric individuals ages 5 to 20 years 

who had CFRD exhibited greater decline in FEV1% predicted after 10 or more years of 

follow-up compared to those who did not have CFRD.33,44 In adults with CF, presence of 

CFRD was associated with increased decline in FEV1% predicted after a follow-up of 5 to 

up to 13 years and was associated with higher risk of mortality after a follow-up of up to 

24 years.33,47–49 Therefore, RDNs should emphasize the importance of early identification 

and management of CFRD in order to educate individuals on management with nutrition and 

exercise and to evaluate insulin needs. The recommended frequency for OGTT assessment 

is based on recommendations from the International Society for Pediatric and Adolescent 

Diabetes Clinical Practice Consensus Guidelines for Children and Adolescents with CF 

2018.127 Continuous glucose monitoring systems are not indicated for diagnosis of CFRD, 

but may be ordered by an endocrinologist, and data can be utilized by RDNs to guide 

nutrition care. An OGTT is not clinically indicated for individuals already diagnosed with 

CFRD.
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Fat-Soluble Vitamin Levels.—Due to pancreatic insufficiency and malabsorption, 

individuals with CF are at high risk of fat-soluble vitamin deficiency.128 There was 

very limited evidence examining the relationship between fat-soluble vitamin levels and 

hard outcomes (Table).62,129 However, the health consequences of fat-soluble vitamin 

deficiencies are well known, including susceptibility to infections, osteomalacia, muscle 

weakness or pain, neurologic symptoms, and impaired clotting.130 It is reasonable for 

practitioners to adhere to consensus recommendations that are currently utilized in CF 

practice that fat-soluble vitamin levels should be monitored at least annually.1,2 For 

additional information on indications for measuring fat-soluble vitamin levels, please see 

the EAL website.15

Lipid Profile.—Dyslipidemia is common in individuals with CF related to pancreatic 

insufficiency, malabsorption, inflammation, imbalanced macronutrient intake, and, in some 

cases, CF-related liver disease.131–133 However, the consequences of these abnormal 

triglyceride and cholesterol levels on hard outcomes, including FEV1, quality of life, and 

mortality, are unclear due to lack of available evidence.62,134 This systematic review did 

not investigate the relationship of plasma lipid levels with cardiovascular disease as an 

outcome in CF, although in the general population, dyslipidemia is associated with higher 

risk of cardiovascular morbidities and mortality.135 Limited research suggests that pediatric 

individuals (7–18 years) with CF may be at increased risk of endothelial dysfunction136 and 

other cardiovascular risk factors, such as increased inflammation and lipid abnormalities.137 

However, evidence is lacking to determine whether these risk factors are likely to progress to 

atherosclerotic plaques.138

Recommendations adhered to guidance provided by the US Department of Health and 

Human Services and the American Academy of Pediatrics.67,68 Frequency of lipid profile 

assessment may be increased for individuals with heart disease or diabetes or who have a 

family history of high cholesterol.

Essential Fatty Acids.—Evidence examining the relationship between essential fatty 

acid levels and health outcomes in participants with CF was limited.134,139 There was no 

evidence to suggest an optimal frequency of assessing these measures or clear indications for 

when levels should be measured. Recent nutrition guidelines for CF have described that the 

effect of essential fatty acid supplementation is unclear.1,2 Thus, the workgroup determined 

that there was not adequate evidence to inform a specific protocol for assessing essential 

fatty acid levels.

These recommendations were based on systematic review (Table) and clinical expertise.

9.0 General Guidance for Food Intake

Recommendation 9.1.—For all individuals with CF, it is reasonable for the RDN or 

international equivalent to advise an age-appropriate, healthy diet that emphasizes culturally 

appropriate foods associated with positive health outcomes in the general population, 

including vegetables, fruits, whole grains, seafood, eggs, beans and peas, nuts and seeds, 

dairy products, and meats and poultry, as tolerated and preferred by the individual 

with CF, because there is no evidence to suggest that routine modification from a well
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balanced, healthy diet is associated with improved outcomes. It is reasonable to advise 

supplementation with energy and/or protein dense foods or oral or enteral supplements, as 

needed to achieve or maintain normal growth (pediatrics) or BMI status (adults).

Strength: Consensus

Conditional

Recommendation 9.2.—For all individuals with CF, it is reasonable for the RDN 

or international equivalent to consider advising a dietary pattern, individualized for 

dietary preferences and nutrient needs, that promotes consumption of nutrient-dense foods, 

including healthy fats and micronutrients.

Strength: Consensus

Imperative

Recommendation 9.3.—For all individuals with CF, it is reasonable for the RDN or 

international equivalent to suggest frequent food intake throughout the day, including at least 

3 meals with snacks in between, as needed, in order to meet energy and protein needs and 

achieve or maintain optimal weight/growth and nutrition status.

Strength: Consensus

Conditional

Rationale:  Due to increased energy expenditure and decreased nutrient absorption, 

particularly of fats and fat-soluble vitamins, the traditional dietary prescription for CF 

has been a high-energy, high-fat diet.1,2,5 In efforts to meet this nutrition prescription, 

individuals with CF often include energy-dense, nutrient-poor foods in their diets, such 

as fast food, desserts, packaged snacks, sweetened drinks, and fatty meats.11,12 This may 

translate to diets that are higher in trans-fatty acids and added sugars and lower in fiber in 

individuals with CF compared to healthy matched controls.140 While evidence is clear that 

maintaining adequate nutrition status protects against pulmonary decline,30–53 it is unclear 

how dietary patterns may differentially modify this relationship.

The systematic review supporting this guideline examined the relationship between food 

types, dietary patterns and meal patterns, and nutrition-related outcomes (ie, mortality, 

pulmonary function, quality of life, anthropometric and relevant laboratory values, antibiotic 

use, length of stay, gastrointestinal symptoms) in individuals with CF. However, there were 

no studies, even observational studies, which examined these nutrition exposures of interest 

in the pediatric or adult CF populations. Since the systematic review, 1 small cross-sectional 

study has been published that reported no relationships between intake of whole grains 

or Healthy Eating Index 2015 score and body composition or fasting glucose levels in 

adults with CF; however, intake of added sugars was positively associated with visceral 

adipose tissue in individuals with CF.140 In another small cross-sectional study of adults 

with CF, dietary glycemic index, and glycemic load were significantly positively associated 
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with amount of time spent with blood in the hyperglycemic range, and larger glucose 

fluctuations, respectively, as determined by continuous blood glucose monitoring.141 Large, 

long-term nutrition trials are critically needed in the CF population to determine which 

dietary patterns are optimal for nutrition-related outcomes, including pulmonary function 

and glucose homeostasis.

Population Norms in the Absence of Evidence.—In the meantime, RDNs and other 

health professionals must rely on nutrition knowledge as it relates to the general population 

and adapted to what is known about CF pathology. In the general population, diets rich in 

energy-dense, nutrient-poor foods have been implicated for several chronic adverse health 

outcomes including metabolic syndrome,142 inflammation, cardiovascular disease and gut 

dysbiosis,143 and a variety of cancers.144 Fruit and vegetable consumption, conversely, 

is associated with reduction in pro-inflammatory mediators and an enhanced immune 

cell profile.145 Guidance for dietary recommendations for the general population can be 

found in the Dietary Guidelines for Americans and MyPlate146 or other country-specific 

guidelines for the general population. Various healthy dietary eating patterns, such as a 

Mediterranean-style diet, have been proposed and been shown to correlate with positive 

health outcomes in the general population.146 While a Mediterranean-style diet pattern 

does not have a strict definition, it generally consists of ample plant foods, olive oil as 

the primary source of fat, and moderate consumption of fish, poultry, and wine.147 In the 

general population, adherence to the Mediterranean Diet was associated with decreased risk 

of mortality,148,149 cardiovascular disease149,150 and cardiovascular disease risk factors,151 

and glycemic control.152

One of the greatest challenges in nutrition care for individuals with CF will be to encourage 

a diet that is not only energy-dense, as needed, but is also nutrient-dense and relies on 

food-based nutrition when possible because nutrients in isolation may not have the same 

health benefits (eg, antioxidant supplementation trials in CF have provided mixed results; 

although the majority have used small sample sizes153–156). However, individuals with 

CF and exocrine pancreatic insufficiency have higher fat-soluble vitamin needs due to 

malabsorption, and it is not realistic to expect that all needs can be met by diet alone. 

Supplementation with fat-soluble vitamins is standard practice for individuals with CF. 

Guidance for supplementation of micronutrients and macronutrients (oral or enteral nutrition 

supplementation) are outside of the scope of this guideline but are addressed in other 

nutrition guidelines for individuals with CF (Figure 1).

MNT should always be tailored to the unique needs of the individual, including preferences 

and values, nutrition status and supplements, medications, disease exacerbations, comorbid 

conditions, such as food allergies, CFRD or gastrointestinal symptoms, inflammation, 

absorption, and exocrine pancreatic status and PERT. Individual dietary needs may vary 

widely depending on pancreatic insufficiency vs insufficiency, response to CFTR modulator 

therapy, physical activity, and/or other gastrointestinal-related issues. Sample menus can be 

found on the EAL website.15
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These recommendations are based on expert consensus/opinion because there was no 

evidence included in the systematic review that examined the relationships between intake of 

foods or food groups, dietary patterns, or meal patterns on nutrition-related outcomes.

10.0 Food Intake with Comorbidities (CF-Related Diabetes and Overweight/Obesity)

Recommendation 10.1.—For all individuals with CFRD, it is reasonable for the RDN or 

international equivalent to consider advising a diet consistent with general, age-appropriate 

healthy dietary recommendations and individualize as needed according to CFRD pathology. 

It is reasonable for the RDN to emphasize limiting high-sugar foods and beverages with low 

nutrient density due to adverse effects on blood glucose levels.

Strength: Consensus

Conditional

Recommendation 10.2.—For individuals with CF who are overweight or obese, it 

is reasonable for the RDN or international equivalent to advise an age-appropriate diet 

that emphasizes foods associated with positive health outcomes in the general population, 

including vegetables, fruits, whole grains, seafood, eggs, beans and peas, nuts and seeds, 

dairy products, and meats and poultry, as tolerated and preferred by the individual with CF, 

with energy needs adjusted to achieve or maintain normal growth (pediatrics) or BMI status 

(adults).

Strength: Consensus

Conditional

CFRD

CFRD is the most common comorbidity in CF, with approximately 35% to 50% of people 

with CF affected by CFRD.127,157 CFRD increases progression of pulmonary dysfunction 

in pediatric individuals with CF33,44,50 and increases risk of pulmonary dysfunction and 

mortality in adults with CF.30,33,47–50 Despite the prevalence of this comorbidity, there were 

no primary research articles identified for the systematic review supporting this guideline 

that specifically examined the relationships between diet and CFRD-related outcomes in 

pediatric or adult individuals with CFRD. A cross-sectional study published in 2019 (after 

the systematic review) reported that in 24 adults with CF, 46% of whom had CFRD, 

and 25% of whom had impaired glucose tolerance, both added sugar intake and fasting 

glucose levels were both significantly associated with visceral adipose tissue.140 In a second 

cross-sectional study published in 2019, continuous blood glucose monitoring indicated 

that dietary glycemic index and glycemic load were significantly positively associated with 

amount of time spent with blood in the hyperglycemic range, and larger glucose fluctuations, 

respectively, in 18 adults with CF.141

Education for individuals with CFRD should focus on self-management of glycemic control 

and insulin therapy, adequacy of energy intake, and aerobic exercise.2,127 Intake of food and 

beverages with high added-sugar content and without other nutrients to counter rapid spikes 
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in blood glucose (such as fat, protein, or fiber) should generally be discouraged.127 Due to 

high nutrient needs in individuals with CF, exclusion of sweet foods may not be warranted 

for some individuals with CFRD. In these cases, RDNs can encourage consumption of 

sweet foods with nutritive value (such as chocolate with nuts or desserts with fruit) or 

in combination with foods with nutritive values (ie, containing fat, protein, fiber, and/or 

micronutrients).1

Overweight/Obesity

Overweight and obesity63,66 traditionally have not been a concern for individuals with CF, 

but as CF treatments have improved, incidence of overweight and obesity have increased 

in the CF population, with estimates ranging from 13% to 18%.158,159 Individuals with CF 

who are more likely to be overweight or obese are those who are older and male, have less 

severe genotypes, better lung function, and are pancreatic sufficient.160

There were no studies included in the systematic review that examined how diet affected 

nutrition-related outcomes in pediatric or adult individuals with CF who are overweight 

or obese. While some evidence suggests that overweight status may be protective against 

pulmonary decline in adults,33 other evidence suggested no difference in pulmonary decline 

according to overweight status in adult44,51 or pediatric participants.36,40,42 However, BMI 

alone, which is typically used to classify overweight and obesity, does not describe body 

composition, which may be a stronger predictor of pulmonary function in adults.161

Weight and Dietary Goals.—It is unclear whether individuals with CF who are 

overweight or obese should be encouraged to attain a normal weight status. However, any 

kind of rapid weight loss or extreme weight loss plans should be discouraged in individuals 

with CF because it is unclear whether this would result in detrimental pulmonary effects or 

loss of fat-free mass. Individuals who begin treatments that lead to weight gain may have 

difficulty transitioning to a diet that emphasizes healthy foods, especially if the individual 

has historically focused intake on a high-fat, high-energy diet. RDNs must work with 

individuals with CF and their families to determine motivations and goals that will improve 

nutrition status and quality of life over time. Incorporation of healthy eating principles can 

be beneficial for all members of the family of an individual with CF. RDNs must use clinical 

expertise and co-produce dietary advice with the individual with CF and the interdisciplinary 

health care team.

For additional implementation considerations, please see the EAL website.15 This 

recommendation is based on expert consensus/opinion.

11.0 Macronutrient Distribution

Recommendation 11.1.—For individuals with CF who are not at risk of malnutrition, 

the RDN or international equivalent may suggest consuming macronutrients (carbohydrates, 

protein, and fat) in the same percentage distribution as is recommended for the typical, age

matched population because there is no current evidence to suggest benefits from modified 

macronutrient distribution.

Strength: Weak
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Conditional

Rationale:  Traditionally, a high-fat diet has been recommended for individuals with CF 

to achieve high energy intake needs due to malabsorption of fats and fat-soluble fatty 

acids resulting from exocrine pancreatic insufficiency and a high risk of malnutrition. 

This CF “legacy diet” was implemented as a strategy to achieve high energy intakes 

required for individuals with CF and to compensate for fat malabsorption, as opposed to 

having a demonstrated, direct physiological effect. This diet was crucial during an era 

when individuals with CF commonly had major catch-up growth required at diagnosis. 

Undernutrition is still a significant concern in the CF population and has serious 

implications for long-term health.30–53 However, over time, treatment options for CF 

have improved, and there is a decline in the proportion of individuals with CF that are 

undernourished.54 Thus, health care professionals must balance immediate nutrition needs 

with potential long-term consequences of a diet that contains too many foods that are high 

in fat, but low in essential nutrients. Currently, it is more realistic for many individuals with 

CF to consume adequate energy to meet their needs on a mixed diet with less reliance on 

energy-dense, nutrient-poor foods than it was in the past.

There were no dietary trials for pediatric or adult individuals with CF examining the role of 

macronutrient distribution on nutrition-related outcomes identified in the systematic review. 

However, the observational literature that was included demonstrated no relationships 

between macronutrient distribution and FEV1% predicted in pediatric individuals162 or 

adults162–164; BMI z score (pediatrics)165 or BMI (adults)164,166; gastrointestinal symptoms 

including DIOS in pediatric individuals167,168 or adults167;or various laboratory measures in 

pediatrics169 or adults164,170 over a range of intakes, with mean intakes near population 

norms (Table). A 2019 cross-sectional study published after the cutoff date for the 

systematic review supporting this guideline concluded there was no association between 

the amount of fat, carbohydrate, or protein intake and body composition or fasting glucose 

levels in adults with CF.140 There were no studies that reported on the relationships 

between macronutrient distribution and mortality, quality of life, length of hospital stay, 

or antibiotic use. Therefore, the research examined in this systematic review does not 

indicate a benefit for altering macronutrient distribution without addressing overall energy 

content, micronutrient composition, or diet quality. Instead, RDNs should consider dietary 

patterns that are healthy for the general population and adjust as is necessary to address 

energy needs, protein energy wasting, malabsorption, and comorbidities, such as CFRD. The 

effects of types of dietary fats, whether beneficial or detrimental, have not been adequately 

investigated in the CF population.166,169,171–173 However,healthy diets suggested for the 

general population are generally low in trans and saturated fats.146

Counseling Individuals on a High-Fat Diet.—Many individuals with CF have been 

prescribed a high-fat diet, possibly for many years. For these individuals, RDNs should 

assess whether the individual is tolerating their current diet by assessing the individual’s 

gastrointestinal symptoms, energy levels, anthropometric and body composition measures, 

and relevant laboratory values, including inflammatory markers, glucose homeostasis 

measures, and blood lipid profile. Concerns about shifting dietary intake closer to that of 
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the general population may also be met with concern by individuals with CF who have 

lower access to resources because high-fat foods that are low in other nutrients may be less 

expensive than foods that are high in essential nutrients. When appropriate, RDNs should 

provide education regarding inexpensive sources of nutrient-dense foods.

Some individuals with CF may have very high energy needs, requiring an energy-dense 

diet. For these individuals, a diet higher in fat may be appropriate in order to attain high 

caloric intake. Individuals with CF may experience protein energy wasting, which may 

require higher intakes of high-protein foods. Those with CFRD may require modification of 

macronutrient distribution, including timing and types of carbohydrate. In all cases, RDNs 

should regularly assess nutrition status and symptoms of the person with CF and should 

adjust nutrition recommendations accordingly.

These recommendations were based on systematic review (Table). The understanding of 

how macronutrient distribution affects outcomes in CF may change with higher quality 

research, including dietary trials and large, long term cohort studies that follow relationships 

between dietary patterns and nutrition-related outcomes over time.

12.0 Fiber Intake

Recommendation 12.1.—For individuals with CF, the RDN or international equivalent 

may suggest dietary fiber intake in line with the dietary reference intake for the general 

population, as tolerated on an individual basis because evidence suggests fiber intake at the 

recommended level does not increase risk of constipation, DIOS, or other gastrointestinal 

symptoms.

Strength: Weak

Conditional

Rationale:  Limited, observational evidence suggests that fiber intake up to the 

recommended intake for the general population does not exacerbate gastrointestinal 

symptoms, including constipation and DIOS in pediatric participants167,168,174 or pediatric 

and adult participants combined.167 In 1 study with pediatric participants, the group with 

DIOS had actual fiber intake greater than the recommended intake, and those with no 

gastrointestinal symptoms consumed fiber intake at the recommended level.168

Fiber intake that is too high may exacerbate gastrointestinal symptoms in some individuals 

with CF. Fiber intake that is too low may increase risk of constipation. Dietary 

fiber recommendations should be adjusted according to gastrointestinal symptoms and 

individual tolerance, including past responses to fiber, dietary preferences, and meal 

patterns. Spreading fiber intake throughout the day may alleviate gastrointestinal symptoms 

associated with elevated fiber intake.

The recommendation for fiber was based on systematic review (Table).
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13.0 Infant Feeding

Recommendation 13.1.—In infants diagnosed with CF, the RDN or international 

equivalent should recommend providing as much breast milk as possible, with breast milk 

fortification and formula supplementation as necessary for the first year of life, to regain 

birth weight z score and achieve normal growth for age. Breastfeeding is associated with 

improved FEV1% predicted and decreased antibiotic use, but supplementation may be 

needed for infants with high nutrient requirements.

Strength: Fair

Conditional

Rationale:  For the general population, exclusive breastfeeding during the first 6 months of 

life and any breastfeeding for up to 2 years of age and beyond is recommended to optimize 

infant health outcomes.175 Providing breast milk to infants with CF may be of particular 

importance because CF increases risk of inflammation and infection,176 and breastfeeding 

is known to enhance the immune system.177 However, higher nutrient requirements in 

infants with CF may require additional nutrients through breast milk fortification or 

supplementation with formula in order to prevent undernutrition,178 which is associated 

with pulmonary decline.30–53

Observational evidence reported that infants with CF who were breastfed for at least 4 to 

6 months, exclusively or partially, had higher FEV1% predicted at 6 years compared with 

infants who were exclusively formula fed.179,180 Two cohort studies reported no significant 

differences in weight gain or weight-for-age z scores between breastfed and formula-fed 

infants,179,181,182 even when considering exclusivity.179,182 However, one study reported a 

significant decline in weight z scores from birth to 2 years of age, particularly from 2 to 6 

months, for infants who had been exclusively breastfed for 2 months, although there were no 

changes in other feeding groups.183 Breastfeeding duration and exclusivity did not influence 

length gain.179,181–183

Strong evidence from the systematic review supporting this guideline demonstrated that 

individuals with CF who maintained a weight, length, weight-for-length, and BMI >50th 

percentile from infancy and early childhood had better FEV1% predicted values. In 

general, normal growth parameters during childhood were associated with increased FEV1% 

predicted in long-term follow-up studies.31–46 Because WHO growth charts are less likely 

to classify children as being underweight compared to CDC growth charts, it is suggested 

practitioners use a cutoff value of 70th percentile when using WHO growth charts.37,56

Newborn screening for CF has had a considerable impact on nutritional status, as most CF 

infants were previously diagnosed after failing to thrive. Evidence from eras before newborn 

screening may be biased in that infants who were breastfed had higher FEV1% predicted 

because infants with more severe disease and failure to thrive were more likely to begin 

formula feeding. Guidance on PERT for infants was outside the scope of this guideline but 

can be found in other contemporary guidelines.1,2
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Breastfeeding Support.—Support systems in place for breastfeeding may be available 

through the hospital or through community services, such as the Special Supplemental 

Nutrition Program for Women, Infants, and Children program. For mothers of infants with 

CF who are willing and able to breastfeed, RDNs can encourage and support breastfeeding 

and can connect the family with resources, such lactation consultants or breastfeeding peer 

counselors. RDNs should work with the interdisciplinary health care team to frequently 

track the growth and evaluate the nutrition status of the infant with CF to determine whether 

breast milk fortification or supplementation is necessary to achieve or maintain growth that 

is consistent with birth weight z score and normal growth for age.

Please see the EAL website for more information.15

The evidence supporting the recommendation on infant feeding was based on systematic 

review (Table). There are many confounding relationships that need to be addressed in this 

literature, and conclusions may change with more high-quality evidence.

Strengths and Limitations

This evidence-based practice guideline was supported by rigorously conducted systematic 

reviews, with evidence translated to recommendations using an evidence-to-decision 

framework. This guideline is among the first to examine nutrition screening and assessment 

methods for individuals with CF in an evidence-based manner. This guideline also is the 

first of its kind to examine food/dietary intake and patterns through systematic review of 

the evidence to provide practical, relevant dietary recommendation for individuals with CF. 

For topics outside of the scope of this guideline, the workgroup reviewed and assessed the 

quality of other evidence-based nutrition guidelines in order to provide practitioners with a 

comprehensive resource for nutrition care in CF. The major limitation to this guideline is the 

lack of supporting evidence available to inform practice for some topics, particularly dietary 

intake. Paucity of evidence led the workgroup to write consensus recommendations based on 

supporting literature outside of the systematic review, including for the general population 

when necessary.

Development of this guideline, and the underlying systematic reviews, was done in close 

collaboration with 2 patient advocates, both of whom were parents of individuals with 

CF. However, the workgroup did not contain an individual with CF. Recommendations 

were written by RDNs experienced in the CF field for RDNs working in the CF field. 

However, other professionals that are crucial to the CF team, including endocrinologists, 

gastroenterologists, nurses and nurse practitioners, social workers, pharmacists, and many 

others, were not represented on the workgroup.

Future Research

There were considerable gaps in the literature supporting this systematic review. As 

understanding of CF pathology grows and CF treatments continue to improve, it will be 

crucial to conduct research that reflects the current landscape of nutrition needs and care 

in CF. New CFTR modulation therapy and other CF treatments in the pipeline will likely 

change nutrition status and needs for many individuals with CF, and more research is 
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greatly needed that examines how these medications affect nutrition parameters outside 

of weight/growth and how dietary intake may modify the relationship between CFTR 

modulators and nutrition status. Intervention and long-term cohort studies are needed to 

determine the relationships between dietary intake and health outcomes in individuals 

with CF. Finally, there is an intimate relationship between nutrition status and health 

outcomes for individuals with CF, which is demonstrated in the CFF’s recommendation 

that all individuals with CF should have regular contact with an RDN. Limited evidence 

demonstrated that increasing contacts with an RDN resulted in improved nutrition status. 

More research is needed to determine which nutrition screening, assessment, intervention, 

and monitoring and evaluation methods performed by an RDN result in improved health 

outcomes for individuals with CF.

CONCLUSIONS

The Academy of Nutrition and Dietetics’ Evidence Analysis Library Cystic Fibrosis 

Systematic Review and Guideline committee aspired to develop evidence-based practice 

guidelines for primary nutrition issues in CF. Goals of this project were to inform the 

practice of RDNs who provide MNT for individuals with CF and to promote standardization 

of best practices in CF nutrition care. The Academy EAL CF guidelines were designed to 

complement and build upon existing guidelines from the Cystic Fibrosis Foundation and the 

international CF nutrition care community. Gaps in CF nutrition research literature requiring 

attention were identified.

Optimal nutrition continues to be an essential component of overall CF care. The CF 

landscape is evolving rapidly with breakthroughs in CFTR modulators changing CF 

at a cellular level. MNT for individuals with CF from infancy through advanced age 

requires novel and individualized approaches. The Academy EAC CF guidelines provide a 

framework for expanding upon current knowledge to determine effective nutrition strategies 

for individuals with CF through long and healthy futures.
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Figure 1. 
Recommendation overview table of nutrition topics for individuals with cystic fibrosis. 

This guideline focused primarily on the topics of medical nutrition therapy provided by a 

registered dietitian nutritionist or international equivalent, methods of nutrition screening 

and assessment, and dietary intake. For topics outside the scope of the current guideline, 

please refer to graded recommendations in the external guidelines indicated. This is not an 

exhaustive list of high-quality recommendations, but those referenced were from external 

guidelines assessed as having high quality using the Appraisal of Guidelines for Research 

and Evaluation II tool and were approved for use by the Academy’s Council on Research, 
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and specific recommendations referenced were based on systematic review and reviewed, 

voted on, and approved by consensus by workgroup members.
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Figure 2. 
Executive summary table for Academy of Nutrition and Dietetics cystic fibrosis evidence

based nutrition practice guideline.
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Figure 3. 
Eligibility criteria for systematic review questions supporting the evidence-based nutrition 

practice guideline for individuals with cystic fibrosis.
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Figure 4. 
Research question list for cystic fibrosis systematic review supporting the Academy of 

Nutrition and Dietetics Evidence Analysis Center Cystic Fibrosis Guideline.
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Figure 5. 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)19 flow 

diagrams. (A) PRISMA flow diagram demonstrating the study selection process following 

the cystic fibrosis (CF) nutrition screening and assessment literature search. (B) PRISMA 

flow diagram demonstrating the study selection process following the cystic fibrosis medical 

nutrition therapy and dietary intake search. (C) PRISMA flow diagram demonstrating 

the study selection process following the cystic fibrosis cystic fibrosis transmembrane 

regulator (CFTR) modulation therapy literature search. RCT=randomized controlled trial. 

RQ=research question.
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Figure 6. 
Academy of Nutrition and Dietetics Evidence Analysis Center systematic review conclusion 

statement grading.
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Figure 7. 
Academy of Nutrition and Dietetics Evidence Analysis Center Guideline Recommendation 

Ratings.20 Recommendations are categorized in terms of either imperative or conditional 

statements. Imperative statements are broadly applicable to the target population and do not 

impose restraints on their pertinence. Imperative recommendations may include terms such 

as “should” or “may” and do not contain conditional text that would limit their applicability 

to specified circumstances. Conditional statements clearly define a specific situation or 

population. Conditional recommendations are often presented in an if/then format, such that 

if condition than action(s) because reasons(s). Fulfillment of the condition triggers 1 or more 

guideline-specified actions.
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