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A B S T R A C T   

Background: Treatment advancements have improved life expectancy and nutritional status of people with cystic 
fibrosis (CF). Alongside reductions in malnutrition, incidences of overweight, obesity and risk factors for diet- 
related chronic diseases have increased in recent years. This study aimed to synthesise the available literature 
on diet quality, macronutrient and micronutrient intakes compared to the recommended guidelines in adults 
with CF, an essential step in deducing the optimal dietary pattern and intakes for CF adults. 
Methods: A systematic search of five electronic databases from inception until April 2023 was conducted using 
keywords related to CF, diet quality and nutrient intakes. 
Results: Twenty-one studies were included comprising 18 cross-sectional, one cohort and two case control 
studies, reporting data from 724 adults with CF. Energy and / or macronutrient intake data was reported across 
17 cohorts, eight studies provided micronutrients data, and diet quality was determined for four CF cohorts by 
using a diet quality score, and / or categorising food intake into servings per day for food groups and comparing 
findings to national dietary guidelines. Although energy intake recommendations were met, and most micro
nutrient requirements were achieved through supplementation, total energy intake from fat was above recom
mendations and diet quality was poor. 
Conclusion: This is the first systematic review comprehensively evaluating literature on dietary intakes of adults 
with CF. Energy-dense, nutrient-poor foods contribute to intakes which pose risk in developing diet-related 
chronic diseases. Revision of dietary guidelines and practice change in CF nutritional therapy is warranted to 
optimise nutrition and health outcomes.   
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1. Background 

Cystic Fibrosis (CF) is historically associated with persistent lung 
infections, leading to reduced pulmonary function, which subsequently 
leads to a shorter lifespan in people with CF (PWCF); and pancreatic 
insufficiency (PI), malnutrition and suboptimal bone density [1]. 
However, advancements in management and clinical treatments, 
including access to variant specific therapies (VST) (e.g., CF trans
membrane conductance regulator (CFTR) modulator therapy) have both 
improved pulmonary function and nutritional status [2] and life ex
pectancy. With access to VST, the median predicted survival age of 
PWCF homozygous for the F508del-CFTR genotype and treated with 
Ivacaftor-Tezacaftor-Elexacaftor (Kaftrio) is now 71.6 years old [3]. 

Nutrition guidelines for CF have been developed based on best 
available evidence and when a concrete evidence base was lacking, 
expert opinions and consensus to ensure nutrition and dietary re
quirements are met for PWCF and to optimise lung function, growth and 
development for health and wellbeing [1,4-6]. Guidelines are important 
in dietetic practice to ensure standardisation of practice methods and to 
provide a basis to guide practice change when needed. Significant shifts 
in evidence and practice warrants discussion and potential review and 
change of guidelines and herein this review can serve towards this 
agenda. In 2008, CF nutrition guidelines in the USA recommended that 
PWCF eat 110-200% of the estimated average requirement (EAR) for 
energy of the general population. Fat-specific CF targets were set at 
20-30% of total energy intake (TEI) in clinically stable adults and 
35-40% TEI in adults termed clinically unstable [4]. European and 
Australasian CF nutrition guidelines published in 2016 and 2017 
respectively, adopted the same recommendations as USA related to 
energy and fat intakes [1,5]. Insufficient evidence was available for 
CF-specific protein and carbohydrate recommendations. Nonetheless, 
Australasian guidelines suggested a protein intake target of 15-20% TEI 
and carbohydrate intakes of 45-65% TEI, in line with general population 
recommendations [5]. In 2020, the Academy of Nutrition and Dietetics 
(AND) developed evidence-based nutrition practice guidelines for PWCF 
which recommend consuming 125% of the EAR for energy of the general 
population, and that recommendations be individualised to each per
son’s nutritional status, medication, exercise level and disease severity. 
Evolved from previous national nutrition guidelines, the AND guidelines 
are similar to the Australasian recommendations in that they propose 
that protein and carbohydrate targets be in line with general population 
guidelines, however, they alternatively cite that high-fat diets offer no 
therapeutic benefit for PWCF outside of the context of meeting high 
energy requirements, and thereby also recommend adherence to general 
population guidelines for fat intake [6]. 

The long-standing clinical practice in relation to diet prescription for 
PWCF has been to prescribe a high-calorie, and unrestricted or high-fat 
diet to optimise nutrition status [4,7], often overlooking overall diet 
quality, a factor emphasised in the general population to reduce 
diet-related chronic disease risk (i.e., obesity, cardiovascular disease 
(CVD), type-II diabetes) [8]. The general definition of diet quality is a 
dietary pattern or an indication of diversity across key food groups 
related to those recommended in dietary guidelines [9], with high diet 
quality referring to a diet fulfilling optimal nutrient intake profiles and 
having a lower risk of diet-related chronic disease [10]. Recent concerns 
have been articulated over this prescribed “Legacy diet” for PWCF which 
tends to rely on energy-dense, nutrient-poor (EDNP) foods that are high 
in sugar, saturated fat, and salt [11]. Furthermore, in the general pop
ulation, high-fat diets are associated with dyslipidaemia, a risk factor for 
CVD [12]. In a retrospective cross-sectional review of adults with CF 
conducted in 2009, it was reported that pancreatic sufficient (PS) pa
tients were more likely to develop dyslipidaemia, including elevated 
levels of total cholesterol (>201 mmol/L: PI = 4%, PS =20%, p < 0.01) 
and low-density lipoprotein (LDL) cholesterol (>97 mmol/L: PI = 14%, 
PS = 57%, p < 0.01), alongside elevated total/HDL cholesterol ratio 
(>4: PI = 24%, PS = 43%, p = 0.03) [13]. However, a recent 

cross-sectional study reported a high prevalence (62%) of dyslipidaemia 
amongst PWCF who were PI (n = 108; 81% PI) and noted that blood 
lipids were heterogenous and independent from pancreatic function 
[14]. 

The prevalence of overweight and obesity increased in CF between 
the years 2001 (15%) and 2021 (40%) with registry reports showing a 
rising trend (2001-2021: 1.3% per annum) towards general population 
rates of overweight and obesity (39% and 13% respectively) [15,16]. 
Moreover, there has been a 3.5% per annum increase in overweight and 
obesity in CF between 2018 and 2021 [17,18], evidence of an acceler
ated incidence within this population likely resulting from weight gain 
associated with the use of VST [18]. Three randomised, double-blinded, 
placebo-controlled, studies have reported weight / body mass index 
(BMI) increases in PWCF using Ivacaftor (28 days: 1.1 ± 1.3 kg; 
5-months: 2.5 ± 2.4 kg) [19], Lumacaftor-Ivacaftor (Orkambi) 
(24-weeks: 1.23–1.57 kg) [20] and Kaftrio (24-weeks (BMI): 1.13 
kg/m2) [21], highlighting that VST are contributing to weight gain in 
PWCF. Nevertheless, it is important to note that none of the three studies 
[19–21] that reported weight gain controlled for dietary intakes. Whilst 
in many individuals this weight gain represents a shift from malnutrition 
towards normal nutritional status, in some PWCF overweight and 
obesity are emerging [18]. Moreover, increases in fat mass rather than 
fat free mass can occur [19] which has an inverse relationship with lung 
function and if intrabdominal, is a risk factor for CVD [22]. With obesity, 
dyslipidaemia, ageing, and diets high in fat, sugar, and salt all known 
risk factors for CVD [12], we must be aware that more cases of CVD 
could occur in PWCF in the coming years, particularly in PS PWCF. 
Hereby, future case studies, observational and longitudinal studies 
within this cohort of patients must substantiate this assumption. 

Given the changing landscape of CF over recent years in relation to 
treatment, nutrition status, life expectancy and diet-related chronic 
disease, there is a critical need to determine the optimal dietary pattern 
and intakes for PWCF. In doing so, diet quality should be emphasised. A 
cumulative assessment of the diets of PWCF to deduce diet quality 
compared to CF and general population dietary guidelines is a first step 
prior to advising changes in dietary practices, similar to research carried 
out in paediatric CF populations [23]. The aim of this systematic review 
is to synthesise and evaluate existing literature on dietary intakes of 
adults with CF, focusing on macronutrient and micronutrient intakes 
and diet quality in comparison to CF and general population nutrition 
and dietary guidelines. 

2. Methods 

2.1. Search strategy and study selection 

This review was conducted in accordance with the Preferred 
Reporting Items for Systematic reviews and Meta-analysis (PRISMA) 
guidelines [24]. Electronic database searches were carried out in 
MEDLINE, EMBASE, Cochrane Library, CINAHL and AMED from data 
inception until April 2023. The term “cystic fibrosis” was combined with 
key terms including “nutrient intake” and “diet quality” to represent 
both quantitative (macro- and micronutrients) and qualitative aspects of 
the diet consumed by people with CF. Additionally, reference lists of 
included studies were hand searched. The full search strategy is shown 
in Appendix 1. Results from the searches were uploaded to EndNote™ 
20 (Camelot UK Bidco Limited, UK) reference manager, where dupli
cates were removed, and Rayyan, a web-based program for systematic 
reviews that facilitates collaborative titles and abstract screening [25], 
was used to determine the inclusion of articles. This review was regis
tered with PROSPERO international prospective register of systematic 
reviews (CRD42021231709). 

2.2. Eligibility criteria 

The inclusion criteria were kept broad, and no year limit was applied 
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to capture all potential research. Research questions were written in the 
population, intervention, comparison, outcome (PICO) format. Both 
experimental and observational study designs were included. Published 
conference abstracts were also included. Three authors (CG, ND, AD) 
screened titles and abstracts in Rayyan against inclusion criteria. Full 
articles were screened by the same authors and verified by AT. 

Inclusion criteria: Studies examining clinically stable adults with CF, 
defined as no recent pulmonary exacerbations or hospitalisations or on 
intravenous antibiotics and PWCF without previous lung trans
plantation. Although it was not necessary for the recording of dietary 
intake to be the primary outcome parameter, it was required that studies 
include the assessment of nutritional intake, habitual diets, diet patterns 
or diet quality using dietary assessment methods and this data could be 
extracted from these studies. Studies comparing data on oral intake, 
intake of oral nutritional supplements (ONS), micronutrient supple
mentation and enteral tube feeding were included in analyses alongside 
dietary intakes. It was not deemed essential for studies to have a general 
population control group given the paucity of controlled studies; and the 
application of published dietary recommendations for comparison in 
many studies. 

Exclusion criteria: Non-human studies; paediatric studies; non- 
English language studies; articles not reporting primary outcomes of 
interest. 

Primary outcomes of interest: Macronutrient and / or micronutrient 
intake data, intakes of food groups, dietary patterns, and diet quality 
generated by a quality assessment index or comparison of food groups to 
the recommended nutritional guidelines. Secondary outcome measures 
(e.g., lung function; anthropometry), were also examined if cited by the 
papers but the reporting of these measures was not a requirement for 
inclusion. 

2.3. Extraction and synthesis 

Data extraction was carried out on all articles that met inclusion 
criteria. Information regarding the year, country / region, study design, 
population demographics, dietary assessment methods, and the primary 
and secondary outcomes were extracted. 

Energy and nutrient intakes were compared to those recommended 
in CF guidelines and / or general population country- or region-specific 
guidelines. Energy intake values were converted to kcal/day across the 
studies for comparison purposes. Protein and fat intakes reported in 
grams/day were converted to percentage of total energy. Where studies 
reported vitamin A and vitamin D intakes in IU/day, the following 
equations were used to convert mean / median intakes to µg Retinol 
Activity Equivalents (RAE) or µg vitamin D respectively to achieve 
consistency in units across included studies: 1 IU retinol = 0.3 µg RAE 
and 1 IU vitamin D = 0.025 µg vitamin D. Data were extracted on 
saturated fat, added sugars and fibre from papers that did not cite a diet 
quality score (DQS) or index as these were considered parameters of 
interest for assessing overall diet quality. Standard deviation (SD) and / 
or interquartile range (IQR) values are reported where values have been 
provided. In-text, mean values are represented by mean ± SD, and 
median values by median (IQR). Due to the heterogeneity of study de
signs, dietary interventions and diversity of outcome measures, a meta- 
analysis was not conducted. This review is descriptive in nature; and 
findings considered narratively for the purpose of this review. 

2.4. Grading quality of studies and certainty of evidence 

All included studies were critically appraised using the AND Quality 
Criteria Checklist (ANDQCC) [26]. This tool assesses the validity and 
eligibility of papers by answering 10 questions regarding selection, 
attrition, performance, detection, and reporting bias, the majority of 
which must be answered positively (including criteria 2, 3, 6, 7 and at 
least one additional “Yes”) to be deemed eligible of inclusion (See Ap
pendix 2). 

3. Results 

3.1. Study selection and characteristics 

Database searches yielded 6231 research articles with four addi
tional records identified through relevant conference proceedings. After 
removing duplicates (n = 2457), 3778 records remained for title and 
abstract screening of which 3745 were excluded. The remaining 33 re
cords had their full text articles accessed and reviewed for evaluation 
against inclusion criteria; 21 of which were included in the narrative 
synthesis of results (see Fig. 1). Hand-searching reference lists of 
included studies retrieved no additional records. A conference abstract 
authored by Sripalan et al [27], was derived from a master’s thesis, and 
additional data was extracted from the complete text available in the 
online research archives of the University of Oslo. Furthermore, the 
three remaining conference abstracts performed varying analyses on the 
same dietary data and for the purpose of this systematic review, will be 
referred to jointly as the ‘Alfred Group’ [28–30]. Therefore, this sys
tematic review examines dietary data from 19 CF cohorts. 

Study characteristics are found in Table 1. Studies were conducted 
from the years 1996-2022 in Scandinavia [27,31], The Netherlands 
[32], Switzerland [33], Spain [34–36], The UK [37,38], Australia 
[28-30,39,40], USA [41–46], and Canada [47]. The majority of studies 
were cross-sectional in nature with one cohort study [33] and two case 
control studies [36,38] included. The sample size of the included studies 
ranged from 6-136 PWCF, and dietary data of N = 724 PWCF were 
included in this review. Two studies included a small proportion of 
adolescent PWCF (mean age (≥15: n = 8): 27.9 ± 2.0 [46]; mean age 
(≥16): 26.1 ± 8.9 [43]. Nonetheless, the studies were included as most 
participants were adults and the data could not be extracted for the 
adolescent PWCF separately to this. Seven-day food diaries were the 
most common dietary assessment method used (n = 6 studies) [28-31, 
33,36,39,40] with other methods including 3- and 4-day food diaries, 
24-hour recalls, food frequency questionnaires, and a 72-hour diet 
survey. 

Fourteen studies reported pancreatic status which ranged from 70- 
100% of participants having PI. It was not possible to evaluate differ
ences in BMI, percentage EAR and percentage of TEI from macronutri
ents between PI and PS adults with CF in this systematic review as no 
data on PS was provided in the studies, with the exception of Olveira et 
al [36] which reported significant differences between adults with CF 
who were PI and PS in relation to BMI (PI: 20.5 ± 3 kg/m2, PS: 24.7 ± 4 
kg/m2, p < 0.01) and %EAR (PI: 142 ± 25%, PS: 112 ± 19%, p < 0.01). 
However, no significant differences were observed between groups for 
energy derived from macronutrients. Eleven studies recorded the status 
of CF related diabetes (CFRD) with prevalence ranging from 
13.2-53.0%. The most common CF mutation reported across studies was 
F508del. The mean BMI of eleven CF cohorts were measured. The 
average BMI calculated from means across the studies was 21.8 ± 1.0 
kg/m2 (range: 20.1-25.5 kg/m2). Predicted percentage forced expiratory 
volume (FEV1%) was reported across fourteen CF cohorts with mean 
values ranging from 54-87%. 

3.2. Quality assessment and risk of bias 

Eighteen studies were assessed using ANDQCC [26]. The Alfred 
group abstracts were excluded from quality assessment due to the 
absence of full-text information necessary for assessment via ANDQCC 
[28–30]. Fifteen studies did not specify if they implemented methods of 
blinding (Validity Question 5). Methods for handling withdrawals were 
not described in three studies (Validity Question 4) and possible bias 
was noted in the conflicts of interest declared by Scully et al [46]. Sle
sinski et al [45] did not identify or discuss any biases or study limita
tions. Nonetheless, all studies achieved a quality rating appropriate for 
inclusion in the narrative synthesis (See Table 2). 
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3.3. Energy and macronutrient intakes 

Energy or macronutrient intake data (See Table 3) was reported on 
17 CF cohorts. There were variations in the parameters used to report 
data across the studies (e.g., mean ± SD vs. median (IQR) values) which 
limits comparisons made in this narrative synthesis. The mean energy 
intake reported across all cohorts ranged from 2260-4190 kcal/day with 
the lowest mean value reported in female participants of Hollander et al 
[32] and the highest mean value obtained from males in the same study. 
The percentage EAR achieved was reported across nine studies and 
ranged from participants with CF meeting 82.0 (39.6)% to 141% [27,31, 
32,36-38,42,43,45] of energy requirements. 

Regarding macronutrients, fat intake of 12 cohorts were reported, 
with mean intakes ranging from 77.9 ± 41.7 g/day to 136 ± 36 g/day 
[27,28,30,31,33,36,39,40,42-46]. Percentage energy from fat ranged 
from 30.0 (10.4)% to 39.4 ± 5.3% across 14 studies [27,31-33,35-37,39, 
40,42,43,45-47]. The Alfred group additionally provided mean energy 
and fat intakes for males (energy: 2867 ± 812 kcal/day; fat: 99 ± 28 
g/day) and females (2198 ± 573 kcal/day; fat: 82 ± 30 g/day) [30]. 
Mean protein intakes ranged from 86 ± 25 g/day to 126.3 ± 53.7 g/day 
[27,31,33,36,38,40,42-44,46] and carbohydrate intakes ranged from 
255.6 (111.0) g/day to 366.7 ± 145.1 g/day [27,31,33,36,39,40,42-44, 

46]. Mean percentage of energy from protein and carbohydrates ranged 
from 14.9 ± 0.8 (SE)% to 18 ± 4% [27,31,35,39,42-44,46,47] and 42 ±
8% to 49.7 ± 6.7% respectively [27,31,33,35,36,39,42,43,46,47]. Five 
studies provided information on fibre with intakes ranging from 19.2 
(8.6) g/day to 32 ± 12 g/day [27,28,31,39,42]. 

3.4. Micronutrient intakes 

Of the 19 cohorts included, eight provided data on various micro
nutrient intakes [27,28,31,34,35,38,39,44] (See Table 4). In addition to 
measuring different micronutrients, some studies compared intakes to 
CF-specific targets and others to general population targets in the 
absence of CF-specific requirements (e.g., water soluble vitamins). In
takes of fat-soluble vitamins A and D were reported across four studies 
[27,31,35,44]. However, only data from Contreras-Bolívar et al. [35] 
and Sripalan et al. [27] reported micronutrient values from diet alone. 
Vitamin A intakes from diet alone were reported as 280.9 ± 158.0 RAE 
µg and 407.5 (437.5) RAE µg with mean intakes reaching 3706 ± 2108 
RAE µg when adjusted to include micronutrient supplementation intakes 
[44]. From diet alone, the lowest median vitamin D intake reported was 
2.1 (2.4) µg, with intakes inclusive of supplements reaching 154.6 (63.4) 
µg [27]. Vitamin C intakes were assessed in five cohorts ranging from 

Fig. 1. PRISMA flow diagram showing search results.  
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Table 1 
Study characteristics.  

Author (Year) Country/ 
Region 

Study Design PWCF 
(N) 

Male / 
Female 
(%) 

Age (Years) Dietary Assessment 
Method 

CF Sample Characteristics 

Scully et al. [46] 
(2022)†

USA Cross-sectional 38 47.4/52.6 27.9 (2.0) 24-hour recall F508del homozygous: 18.4%; 
heterozygous: 52.6%; other: 28.9% BMI 
(kg/m2): 21.4 (0.6) FEV1%: 73 (5) PI: 
78.9% CFRD: 13.2% 

Escobedo-Monge 
et al. [34] (2022)* 

Spain Cross-sectional 6 16.7/83.3 23.3 (4.5) 72-hour prospective 
diet survey (one 
weekend day) 

- 

Bass et al. [41] 
(2022)~ 

USA - 19 64.7/35.3 19.8 (6.7) 24-hour recall (2 
weekdays, 1 weekend) 
by trained RD 

BMI (kg/m2): 25.5 (13.9) 
FEV1%: 87 (58) 
PI: 82% 

Contreras-Bolívar 
et al. [35] (2021)* 

Spain Cross-sectional 59 42.4/57.6 29.3 (9.4) 4-day prospective 
dietary questionnaire 

BMI (kg/m2): 22.0 (3.6) 
Malnourished (FFMI: male <17; female 
15): 29% FEV1%: 63.3 (25.6) 

Armaghanian et al.  
[39] (2020)* 

Australia Cross-sectional 18 39/61 31.6 (10.7) 5-7 day written, non- 
weighed food diary 

F508del homozygous: 55.5% 
BMI (kg/m2): 20.8 (2.2) 
FEV1%: 71.9 (22.0) 
PI: 94.4.% 
CFRD: 22% 

Sripalan et al. [27] 
(2019)* 

Norway Cross-sectional 
pilot 

34 61.8/38.2 33 24-hour recall BMI (kg/m2): 24.7 (5.2) (male); 22.8 
(3.8) (female); <18.5: 2.9%; 18.5-24.9: 
64.7%; 25.0-29.9: 17.6%; ≥30.0: 
14.7% 
FEV1%: 61.0 (25.7) (male); 66.2 (27.1) 
(female) 
PI: 100% 
CFRD: 17.6% 
HbA1c %: 5.7 (1.8) 

Schönenberger et al. 
[33] (2019)* 

Switzerland Prospective 
cohort 

19 79/21 32 (11) 7-day dietary record F508del homozygous: 47% 
BMI (kg/m2): 21.6 (2.9) 
CFRD: 53% 

Bellissimo et al. [42] 
(2019)~ 

USA Cross-sectional 
pilot 

24 50/50 26.4 (13.7) 3-day food record F508del homozygous: 50%; 
heterozygous: 46%  
BMI (kg/m2): 21.6 (3.1) 
FEV1%: 74.9 (28)  
PI: 100% 
CFRD: 46% 
HbA1c %: 6.0 (1.7) 
IGT: 25% 

Ziai et al. [47] 
(2016) 

Canada Cross-sectional 26 50/50 NGT: 31 (12.5)* 
IGT: 30 (9.75)* 
CFRD: 27 (13.5)* 

3-day food diary NGT group: 28%; BMI (kg/m2): 23.2 
(2.7)~; FEV1%: 69.3 (22.3)~; PI: 70%. 
IGT group: 28%; BMI (kg/m2): 21.0 
(2.4)~; FEV1%: 64.6 (25.9)~; PI: 90%. 
CFRD group: 44%; BMI (kg/m2): 21.7 
(2.36)~; FEV1%: 62.3 (24.8)~; PI: 81%. 

Alvarez et al. [43] 
(2016)* 

USA Cross-sectional 32 43.7/56.2 27 (9) 3-day food records F508del homozygous: 56.3%; 
heterozygous: 28.1% 
BMI (kg/m2): 22.1 (2.9) 
FEV1%: 80.4 (21.5) 
PI: 96.9% 
CFRD: 37.5% 

Alfred Group  
[28–30] (2012-13 
cohort)* 

Australia Cross-sectional 24 45.8/54.2 34.4 (9.9) 7-day food diary BMI (kg/m2): 22.4 (2.8) 
FEV1%: 60% 

Moen et al. [31] 
(2011)* 

Denmark, 
Norway & 
Sweden 

Cross-sectional, 
multi-centre 
study 

136 51/49 31.3 (9.8) 7-day food record BMI (kg/m2): 22.0 (2.9); <18.5: 16%; 
≥25.0: 15% 
FEV1%: 69.4 (26.3) 
PI: 100% 
CFRD: 21% 

Gordon et al. [44] 
(2007) * 

USA Cross-sectional 64 53.1/46.9 31.4 (9.1) FFQ administered by 
two trained RD 

BMI (kg/m2): 21.8 (4.9)  
FEV1%: 56.7 (24.1) 
PI: 78% 
CFRD:19% 

Olveira et al. [36] 
(2006)* 

Spain Case control 37 40.5/59.5 24.5 (9) 7-day prospective 
dietary questionnaire 

F508del homozygous: 18.9%; 
heterozygous: 48.6% 
BMI (kg/m2): 21⋅8 (4.0); <18.5: 19%  

(continued on next page) 
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58.0 (67.9) mg to 359.0 ± 362.8 mg [27,28,31,38,44]. Calcium intakes 
were measured across four studies with intakes ranging from 768.1 
(497.7) mg (diet only) to 2098 ± 1134 mg (including supplements) [27, 
31,39,44]. Iron intakes ranged from 7 (4.8) mg to 14 [10] mg [27,31, 
38]. 

3.5. Diet quality data 

The diet quality of four cohorts were investigated exclusively (See 
Table 5), with three generating a DQS [28,41,42], and two determining 
diet quality by categorising food intake into servings per day for food 

groups and comparing findings to national dietary guidelines [29,39]. 
Six additional studies assessed diet quality parameters of interest (See 
Table 3): saturated fat [36,43,44], added sugar [31,46], and fibre [27, 
31]. 

Healthy eating index (HEI)–2015 DQSs range from 0-100, with an 
overall HEI-2015 DQS of 100 reflecting dietary intake aligning with key 
dietary recommendations from the Dietary Guidelines for Americans 
[8]. HEI-2015 DQSs of PWCF in Bass et al [41] (DQS: 46.0 ± 13.2) and 
Bellissimo et al [42] (DQS: 48.3 (9.9) respectively) were significantly 
lower compared to age-matched controls (DQS: 63.9 (27.3), p < 0.001, 
n = 24) [42] and the American population (DQS: 59, p < 0.0001) [48] 

Table 1 (continued ) 

Author (Year) Country/ 
Region 

Study Design PWCF 
(N) 

Male / 
Female 
(%) 

Age (Years) Dietary Assessment 
Method 

CF Sample Characteristics 

FEV1%: 64 (27) 
PI: 70% 
CFRD: 19% 
IGT: 11% 

Hollander et al. [32] 
(2005)* 

The 
Netherlands 

Cross-sectional 35 65.7/34.3 Male: 27.4 (7.8) 
Female: 22.8 
(5.0) 

FFQ BMI (kg/m2): 20.7 (3.1) (male); 21.1 
(2.9) (female); <18.5: 20% 
FEV1%: 63.1 (29.7) (male); 55.3 (20.6) 
(female) 
PI: 91.4% 

White et al. [37] 
(2004)* 

UK Cross-sectional 
Retrospective 

51 - - 4-day non-weighed 
dietary food record 
(one weekend day) 

BMI (kg/m2) per age (years): 
20-24 (n = 25): 21.3 (3.1) 
25-29 (n = 14): 21.7 (2.1) 
30-34 (n = 5): 19.9 (1.2) 
35-39 (n = 5): 21.6 (4.5) 
40-50 (n = 2): 22.5 (4.6) 

Richardson et al.  
[40] (2000)* 

Australia Cross-sectional 19 0.0/100 28.9 (7.4) 7-day food intake diary 
& 24-hour recall 

BMI (kg/m2): 22.4 (2.5)  
PI: 73.7% 

Pond et al. [38] 
(1996)* 

UK Case control 52 50.7/49.3 21.7 (5.9) 4-day food record FEV1%: 54 (20) 

Slesinski et al. [45] 
(1994)* 

USA Cross-sectional 31 64.5/35.5 Male: 25.3 (6) 
Female: 22.4 
(4.2) 

3-day food record BMI (kg/m2): 20.2 (3.5) (male); 20.1 
(2.1) (female)  
PI: 77%  

~ uses median (IQR). 
* uses mean (SD). 
† uses mean (SE). 

Abbreviations: N sample size, CF cystic fibrosis, FEV1% forced expiratory volume as a percentage predicted, hbA1c glycated haemoglobin, PI pancreatic insuf
ficient, BMI body mass index, CFRD cystic fibrosis related diabetes, FFMI fat-free mass index, NGT normal glucose tolerance, IGT impaired glucose tolerance, FFQ food 
frequency questionnaire, RD registered dietitian, IQR interquartile range, SD standard deviation, SE standard error. 

Table 2 
Quality Assessment of Studies Using ANDQCC [26].  

Author Validity Questions Quality Rating 
1 2 3 4 5 6 7 8 9 10 

Scully et al. [46] + + + - - + + + + - Positive 
Escobedo-Monge et al. [34] + + + + - + + + + + Positive 
Bass et al. [41] + + + - - + + + + + Positive 
Contreras-Bolívar et al. [35] + + + + - + + + + + Positive 
Armaghanian et al. [39] + + + + - + + + + + Positive 
Sripalan et al. [27] + + + + - + + + + + Positive 
Schönenberger et al. [33] + + + + - + + + + + Positive 
Bellissimo et al. [42] + + + + - + + + + + Positive 
Ziai et al. [47] + + + + + + + + + + Positive 
Alvarez et al. [43] + + + - - + + + + + Positive 
Moen et al. [31] + + + + - + + + + + Positive 
Gordon et al. [44] + + + + - + + + + + Positive 
Olveira et al. [36] + + + + - + + + + + Positive 
Hollander et al. [32] + + + + - + + + + + Positive 
White et al. [37] + + + + - + + + + + Positive 
Richardson et al. [40] + + + + + + + + + + Positive 
Pond et al. [38] + + + + - + + + + + Positive 
Slesinski et al. [45] + + + + + + + + - + Positive 

+ answer to validity question was yes. 
- answer to validity question was no. 
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(See Table 5). Bellissimo et al [42] reported that PWCF consumed 
significantly more trans fatty acids (p = 0.002) and added sugars (p <
0.001) and significantly less dietary fibre (p < 0.001) when compared to 
healthy controls. The Alfred Group utilised both comparisons to food 
group serving guidelines, and the HEI for Australian Adults 2013 
(HEIFA-2013) which uses DQSs ranging from 0-100 with a higher score 
illustrating closer adherence to Australian Dietary Guidelines [49]. The 
Alfred Group reported a higher DQS (DQS: 63.5 ± 8.2) in comparison to 
studies on PWCF in the USA. This score was significantly and positively 
correlated with dietary fibre (r = 0.46, p = 0.02) and vitamin C (r = 0.49, 
p = 0.02) intakes, with both fibre and vitamin C intakes sufficient when 
compared to national population guidelines, and negatively correlated 
with added sugar intakes (r = -0.49, p = 0.02). 

4. Discussion 

To the authors knowledge this is the first systematic review which 
collates and summarises the evidence related to dietary intakes of adult 
PWCF, focusing on energy, macronutrient and micronutrient intakes 
and diet quality compared to either CF or general population guidelines. 
With the increasing incidences of diet-related chronic disease in PWCF 
[14,17,18], and marked improvements in life expectancy and nutri
tional status, this systematic review provides relevant information to 
deduce the optimal dietary pattern and intakes for PWCF in developing 
up-to-date CF dietary guidelines and informing dietary intervention 
studies. The systematic review findings highlight that despite energy 
requirements being met by the majority of adult PWCF, and most 
micronutrient requirements being achieved with the use of supplements, 
TEI from fat is above recommended targets and diet quality is still 
suboptimal in PWCF. 

4.1. Energy and macronutrients 

This systematic review demonstrates that most adult CF cohorts 
achieve adequate energy intakes. Of nine studies reporting energy in
takes as a percentage EAR [27,31,32,36-38,42,43,45], five studies 
achieved CF-specific energy requirements in all CF study populations 
and subgroups (Europe / Australasia: 110-200% EAR [1,5]; USA: 125% 
EAR [6]. Participants in Sripalan et al [27] were not achieving recom
mendations (91.2 (45.5)% EAR), and similar findings were observed in 
Slesinski et al [45] when compared to US energy requirements for PWCF 
(males: 112 ± 29% EAR; females: 121 ± 34% EAR) [6]. Energy re
quirements were not met by the female subgroup (females: 94% EAR; 
males: 141% EAR) in Hollander et al [32] and the 40-50 year old age 
group (106.0 ± 30.0% EAR) in White et al [37], with all of the four other 
age-groups achieving recommendations. Notably, ONS contributed to 
reported intakes in eight studies [31-33,36,37,40,44,45]. Studies 
reporting ONS contribution reported mean TEIs of 8.4% and 20% [36, 
40]. 

In relation to macronutrient targets, the percentage of TEI from 
protein achieved in PWCF meets the general population requirement of 
15-20% [1,5] and 80% of studies which reported percentage of TEI from 
carbohydrates achieved general population recommendations (Europe: 
45-60%; USA / Australasia: 45-65%) [8,50,51]. Of the studies reporting 
percentage of TEI from fat, intakes were higher than the CF-specific 
recommendation for clinically stable individuals (25-30%) [1,5]. CF 
study populations and subgroups were all above the CF-specific rec
ommendations, and half of CF study population intakes were above 
recommendations for the general population (20-35%) [8,50,51]. These 
findings may result from the practice of prescribing high-calorie, and 
unrestricted or high-fat diets to PWCF to meet energy intakes and BMI 
targets [1]. However, there are many factors that can determine dietary 
intakes and choices in the general population including accessibility to 
food, food taste and setting [52] and parallel aspects likely contribute to 
this outcome in the CF adult population. 

Previous research which investigated intakes of EDNP foods amongst Ta
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Table 4 
Micronutrient intake of PWCF.  

Micronutrient 
Measure 

Escobedo- 
Monge 

et al. [34] 
* 

Contreras-Bolívar et al. [35]* Armaghanian 
et al. [39]* 

Sripalan et al.  
[27]~ 

Alfred 
Group  
[28]~ 

Moen 
et al.  
[31]*c 

Gordon 
et al.  

[44]*,b,c 

Pond et al. [38]~ 

Total Diet Diet +
ONSc 

Diet Totalbc Iron 
deficient 

Normal 
iron 

Vitamin A 
(RAE µg)a 

– 409.4 
(233.4); 
1921.2 

(1313.9)b 

280.9 
(158.0); 
1516.9 

(1256.6)b 

607.0 
(189.5); 
2543.2 

(1188.3)b 

– 407.5 
(437.5) 

1361.6 
(892.5) 

– 1307 
(732) 

3706 
(2108) 

– – 

Vitamin D (µg) – 29.7 
(41.8); 
86.8 

(70.0)b 

13.3 
(19.4); 
59.3 

(54.2)b 

50.6 
(54.1); 
129.1 

(72.0)b 

– 2.1 
(2.4) 

154.6 
(63.4) 

– 5.8 
(4.3) 

23.2 
(12.6) 

– – 

Vitamin E (mg) – 17.3 (8.1); 
267.3 

(169.6)b 

13.4 (5.1); 
241.4 

(179.1)b 

23.4 (8.2); 
307.2 

(152.0)b 

– 7.5 
(7.7) 

217.5 
(30.6) 

– – – – – 

Vitamin K (µg) – 138.8 
(123.4); 
1045.7 

(1556.5)b 

121.6 
(130.5); 
718.3 

(716.7)b 

182.5 
(93.8); 
1851.5 

(2562.5)b 

– 0 (3.2) 2000 
(472.7) 

– – – – – 

Thiamine (B1) 
(mg) 

– – – – – – – – 1.8 
(0.6) 

6.8 
(13.5) 

– – 

Riboflavin (B2) 
(mg) 

– – – – – – – – 2.3 
(0.9) 

9.7 
(15.7) 

– – 

Niacin (B3) 
(mg) 

– – – – – – – – – 58.9 
(28.9) 

– – 

Vitamin B6 

(mg) 
– – – – – – – – – 7.7 

(13.6) 
– – 

Folate (B9) 
(µg) 

– – – – – 160.8 
(93.9) 

560.8 
(138.8) 

– – 854 
(376) 

– – 

Vitamin B12 

(µg) 
– – – – – 3.7 

(3.2) 
27.3 
(4.8) 

– – 22.5 
(24.5) 

– – 

Vitamin C 
(mg) 

– – – – – 58.0 
(67.9) 

207.6 
(98.8) 

110 121 
(67) 

359.0 
(362.8) 

78 (79) 111 
(69) 

Vitamin C (% 
RNI) 

– – – – – – – – – – 195 
(210) 

268 
(187) 

Calcium (mg) – – – – 1298 (800) 768.1 
(497.7) 

996.1 
(801.7) 

– 1481 
(627) 

2098 
(1134) 

– – 

Calcium (% 
RNI) 

111.5 
(20.3) 

– – – – – – – – – – – 

Iron (mg) – – – – – 7.0 
(4.8) 

8.0 
(6.8) 

– 13.4 
(5.1) 

– 14 (7) 14 (10) 

_males (mg) – – – – – 8.0 
(3.5) 

– – – – – – 

_females (mg) – – – – – 5.3 
(3.1) 

– – – – – – 

Iron (%RNI) – – – – – – – – – – 133 (90) 133 
(126) 

Zinc (mg) – – – – – 9.0 
(5.3) 

28.7 
(8.1) 

– – 31.1 
(15.9) 

– – 

_males (mg) – – – – – 10.6 
(5.0) 

– – – – – – 

_females (mg) – – – – – 6.9 
(4.1) 

– – – – – – 

Selenium (µg) – – – – – 29.5 
(23.1) 

177.7 
(35.1) 

– – 360.1 
(1339.9) 

– – 

Magnesium 
(mg) 

– – – – – – – – 402 
(130) 

563 
(286) 

– – 

Magnesium (% 
RNI) 

118 (34.8) – – – – – – – – – – – 

Phosphorous 
(mg) 

– – – – – – – – – 2284 
(1306) 

– – 

Copper (µg) – – – – – – – – – 3400 
(1900) 

– – 

Sodium (mg) – – – – 3660 (1547) 3700 
(2300) 

3700 
(2900) 

– – – – –  

* mean (SD). 
~ median (IQR). 
a Retinol Activity Equivalents, RAE (µg), 1µg RAE = 1µg retinol. 0.3µg retinol = 1 IU. 
b Inclusive of micronutrient supplements. 
c Inclusive of ONS. 

Unless specified, figures refer to total cystic fibrosis population studied. 
Contreras-Bolívar et al. [35] divided participants into those with food only intakes (Diet) (n = 46), those who used ONS and food (Diet + ONS) (n = 13) and the 

combined mean intakes of both groups (Total). 
Sripalan et al. [27] gave data on all participant intakes excluding supplements (Diet) and intakes inclusive of supplements and food (Total). 
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children with CF (n = 80) reported similar findings related to TEI from 
fat (38 [6]% TEI, p < 0.0001) and attributed results to increased intakes 
of EDNP foods [7]. EDNP foods are associated with the onset of 
diet-related chronic diseases, and general population dietary guidelines 
have stated that EDNP foods should be limited to consuming small 
quantities occasionally [8,50]. The increased use of VST has resulted in a 
changed landscape in CF regarding clinical presentations with a noted 
reduction in the risk of lung infections, improving pulmonary function 
[53], and a consequential decrease in resting energy expenditure (REE) 
[54], and improvements in duodenal and distal intestine alkalinity [55] 
and pancreatic function [56], optimising the assimilation of food [57]. 
Given these changes, it is imperative to review dietary approaches once 
considered the cornerstone of routine CF management to mitigate the 
consequences of elevated resting energy expenditure and PI to prevent 
malnutrition and growth failure. Whilst a nutrient-poor diet was never 
explicitly advocated, it emerged in the context of a focus on energy 
density. 

4.2. Micronutrients 

Adherence to micronutrient targets varied across studies based on 
the specific nutrient, whether ONS or micronutrient supplements were 
used, and country-, region- or CF-specific recommendations. Of the two 
studies reporting diet only intakes [27,35], relative to both general 
population and CF-specific recommendations (See Appendix 3) 
fat-soluble vitamin A, D and E intakes were suboptimal with the 
exception of vitamin E intake in Contreras-Bolívar et al [35], reported as 
13.4 ± 5.1 mg (EFSA: 13 mg (males); 11mg (females) – adequate intake 
(AI)) [58]. Similarly, reported diet only intakes for fat-soluble vitamin K 
did not achieve CF-specific recommendations (1000-10000 µg) [1] but 
achieved the general populations’ AI target (EFSA: 70 µg) in Con
treras-Bolívar et al [35] (121.6 ± 130.5 µg). However, adherence to 
fat-soluble vitamin recommendations was observed across all reporting 
studies when micronutrient supplement and ONS intakes were included 
[27,31,35,44]. Similar outcomes are seen in the reporting of diet only 
intakes for folate (B9), vitamin B12 and selenium which all achieved 

general population AI recommendations when including micronutrient 
supplement intakes [27,44]. 

In the absence of CF-specific vitamin C intake recommendations, all 
CF cohorts which vitamin C intake was reported in [27,28,31,38,44] 
achieved their region-specific targets [8,50,59,60]. Region and 
CF-specific calcium recommendations were not achieved from diet only 
or where ONS and micronutrient supplements were used in Sripalan et al 
[27], however, were achieved in all other reporting studies [31,34,39, 
44]. Determining adherence to iron and zinc guidelines was only 
achievable in Sripalan et al [27] due to the recommendations being 
gender specific. Iron intakes were suboptimal when compared to Nordic 
Nutrition Recommendations (NNR) (NNR - males: 9 mg/day; females: 
15 mg/day), although zinc intakes were sufficient (NNR - males: 9 mg; 
females: 7 mg) [59]. Studies reporting intakes for thiamine (B1), ribo
flavin (B2), niacin (B3), vitamin B6 and magnesium had sufficient intakes 
in all subgroups compared to region-specific recommendations [27,31, 
44]. 

The overall state of micronutrient intakes in PWCF can be considered 
inadequate without the addition of micronutrient supplements or ONS. 
The practice of prescribing fat-soluble vitamin supplements is main
stream in PWCF due to the populations’ historically high incidence of PI 
(approx. 85%) [61]. In a cross-sectional study on children with CF in 
Australia (n =102) a strong link was reported with age and the density of 
micronutrients in the diet, with a stepwise decrease observed from 
children younger to older, marking age as a risk factor for suboptimal 
micronutrient intakes [62]. Based on the results of this systematic re
view, this reduction appears to continue into adulthood. The findings of 
this systematic review, in relation to micronutrient intakes among PWCF 
highlight the importance of adequate dietary intakes and diet variety as 
well as the introduction and adherence to vitamin and mineral supple
mentation among PWCF to ensure nutritional adequacy is achieved. 

4.3. Diet quality 

Studies conducted in the USA reported diet quality for PWCF 
assessed with the HEI-2015 DQSs and reported suboptimal diet quality 

Abbreviations: % RNI percentage reference nutrient intake (RNI defined as estimated average requirements plus 2 SD), SD standard deviation, IQR interquartile 
range, ONS oral nutritional supplement. 

Table 5 
Diet quality assessment using validated tool (HEIFA-2013 / HEI-2015) and food serves/day.  

Dietary Measure Bass et al.  
[41]* 
(USA) 

Bellissimo et al.  
[42]~ 

(USA) 

USA 
Guidelinesa 

Armaghanian et al. [39]* 
(Australia) 

Alfred Group [28,29]* 
(Australia) 

Australian 
Guidelinesb 

DQS (0-100) 46.0 (13.2) 48.3 (9.9) 59c – 63.5 (8.2)d – 
Wholegrains (%) – 18 (6) – – – – 
Refined grains (%) – 82 (16) – – – – 
Grains (serves) – – 6 8.2 (2.6) – 4-6 
Fruit (serves) – – 2 1.9 (1.4) – 2 
_ % met guidelines – – – – 8.3 – 
Vegetables (serves) – – 2.5 5.2 (2.8) 1.4 5-6 
_ % met guidelines – – – – 0 – 
Protein foods (serves) – – 5.5 3.7 (1.6) – 2-3 
Dairy (serves) – – 3 2.5 (1.5) 2.6 2.5 
_ % met guidelines – – – – 45.8 – 
Discretionary foods (% 

E) 
– – – – 29 –  

* uses mean (SD). 
~ uses median (IQR). 
a Dietary Guidelines for Americans - RDA per 2000kcals [8]. 
b Australian Dietary Guidelines [50]. 
c USA population HEI-2015 score [8]. 
d Obtain through assessment against HEIFA-2013. 

DQS are obtained through assessment against HEI-2015 unless stated otherwise. 
Abbreviations: DQS Diet Quality Score, SD Standard Deviation, IQR Interquartile Range, RDA Recommended Daily Allowance HEI-2015 Healthy Eating Index 

2015, HEIFA-2013 Healthy Eating Index for Australian Adults 2013. 
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when compared to healthy controls and American population values 
[41,42]. When interpreting results, not only were DQSs suboptimal 
compared to controls and population scores, but a DQS between 0-59 is 
the lowest grade applicable to the HEI-2015. To improve diet quality, 
the recommendation for a population achieving an adequate energy 
intake, according to the AND is to concurrently expand the quantity of 
foods consumed from low scoring adequacy components (i.e., fruits, 
vegetables, whole grains, dairy, protein foods, fatty acids) and reduce 
moderation component sources (i.e., refined grains, sodium, added 
sugars, saturated fats) [63]. The adequacy components of fruits, vege
tables, and whole grains are important sources of dietary fibre [64], a 
macronutrient known to play a crucial role in improving gastrointestinal 
health, lowering cholesterol levels, and controlling blood glucose levels 
in the general population [65]. Although past research has had varying 
results on whether to avoid fibre in the pathogenesis of gastrointestinal 
symptoms in CF [66,67], more up-to-date evidence from two observa
tional studies involving PWCF suggests fibre intake at the recommended 
level does not increase risk of constipation [68] or distal intestinal 
obstruction syndrome [69]. CF-specific dietary guidelines in the USA [6] 
and Australasia [5] advise that PWCF consume dietary fibre in accor
dance with general population dietary reference values. Fibre intakes of 
five cohorts included in this systematic review were reported [27,28,31, 
39,42], and when compared to region-specific targets (USA: males – 
28-34 g/day, females 22-28 g/day [8]; Australia: males – 30 g/day, fe
males - 25 g/day [50]; Europe: 25 g/day [51], three cohorts did not 
achieve fibre recommendations [27,31,42], indicating that fibre intakes 
are suboptimal in adults with CF. 

Of six studies which reported saturated fat intakes [27,36,39,42-44], 
100% exceeded recommendations (<10% TEI) [8,50,59] and although 
Bass et al [41] did not disclose saturated fat intakes, the study recorded a 
higher mean HEI-2015 component score in PWCF for saturated fat than 
the American population. Saturated fats increase LDL cholesterol in the 
general population, a major risk factor for CVD [70]. A single-centre, 
retrospective, observational analysis reported an increase in blood 
pressure and serum lipids in PWCF treated with CFTR modulator ther
apy (N = 134; PI: 92%), specifically LDL cholesterol in people with 
CF-related diabetes (rate of change: 0.47 mM/year) [71], and supported 
the need for preventative measures to address the risk of CVD onset in 
PWCF. High added sugar intakes [31,39,42,46] were reported in 
numerous studies included in this systematic review when referencing 
region-specific recommendations (<10% TEI) [8,50,59] which are 
positively associated with visceral adipose tissue in PWCF (p = 0.047) 
[42], another risk factor for CVD [72]. Additionally, compared to con
trols in Bellissimo et al [42], added sugar (p < 0.001) and trans-fatty 
acids (p = 0.02) were significantly higher in PWCF and fibre intakes 
were significantly lower (p < 0.001). The outcomes for PWCF who use 
VST and have PI are unknown thus far in relation to CVD. However, with 
the documented increases in the nutrient absorption capacity of PWCF 
who use VST [57], it may be wise for all PWCF who use VST to make 
improvements in diet variety, and transition away from EDNP foods 
which tend to be higher in sugar and saturated fat [11], to potentially 
prevent the development of CVD risk factors more frequently observed 
in the PS CF population [13]. 

In contrast to USA studies reporting a DQS, the Alfred Group [28–30] 
assessed diet quality through both comparing servings of various food 
groups consumed to Australian serving guidelines, and the use of 
HEIFA-2013 in an Australian CF population, where a higher DQS was 
reported compared to USA studies. This score was significantly and 
positively correlated with dietary fibre and vitamin C intakes which 
were sufficient, and negatively correlated with added sugar intakes. 
Adherence to Australian food serve recommendations in the Alfred 
group was depicted as poor, specifically in meeting required serves per 
day of fruit (8.3%) and vegetables (0%), with servings of vegetables 
recorded as far below the Australian dietary recommendation of 5-6 
servings per day [50], and a high percentage of energy coming from 
discretionary foods. A second Australian CF cohort included in this 

systematic review [39] reported sufficient fibre intakes compared to 
region-specific population recommendations [50], alongside servings 
for fruits, vegetables, and dairy, and claimed that it was evident the CF 
cohort assessed valued a nutritious diet. 

It must be noted that up-to-date CF guidelines for Australia and New 
Zealand were developed in 2017 which were the first to discuss the 
assessment and treatment of overweight and obesity in PWCF, reflecting 
a move away from traditional dietary practices in CF care [5]. Arma
ghanian et al [39] was published thereafter which could display a 
transition from the traditionally poorer-quality diet observed in PWCF in 
the Alfred Group, to a diet with an emphasis on diet quality and 
adherence to healthy eating guidelines like the general population. This 
outcome could give way for other national CF guidelines to adopt similar 
principles in reducing the risk of developing diet-related chronic disease, 
as observed in the latest USA CF dietary guidelines [6]. 

Furthermore, no studies on regions outside of USA and Australia 
presented data on diet quality in adults with CF. Given that many Eu
ropean studies were included in this systematic review, it should be 
considered that the HEI-2015, or other available diet quality indices be 
adapted to fit European nutrition guidelines and incorporated into 
future research and dietary assessment. In a European study analysing 
the dietary records of children with CF (n = 207), high intakes of 
saturated fat (11.1-15.4% TEI) and sugar (10.8–27.2% TEI), and overall 
low consumption of fruit, vegetables, legumes, eggs, and fish were re
ported [73], diet traits similar to adult CF cohorts in this systematic 
review reporting poor diet quality [28,29,41,42]. A review on historic 
perspectives of dietary intake studies in children with CF has called for 
practice change wherein the “nutrition dogma needs to extend from 
nutrition for growth and survival, to nutrition for health and well-being” 
[74], a practice change which could also be adopted for adults with CF. 
A need for dietary practice changes in line with providing nutrition for 
growth and survival in addition to health and well-being with focus on 
optimising diet quality, especially in those taking VST, should therefore 
be at the forefront of future considerations in the nutritional manage
ment of CF. 

4.4. Strengths and limitations 

A strength of this systematic review is that to the authors knowledge, 
no other systematic review has been conducted on macronutrient and 
micronutrient intakes and diet quality in adults with CF. The in-depth 
search strategy maximised study retrieval and the inclusion of confer
ence abstracts provides a sense of CF-centred data; thereby adding sig
nificant value to the reporting of outcome measures. 

The heterogeneity between included studies in populations, design, 
data collection and reporting measures restricts the comparative nature 
of the systematic review. Seven-day food diaries were the most common 
dietary assessment method, used within six of the included studies. 
Obtaining dietary intakes through self-report are notoriously difficult to 
measure accurately and reliably. The review encompasses short-term 
dietary assessment methods, aimed to capture recent or current di
etary intakes and long-term type instruments, aimed to capture dietary 
intakes for a period of weeks. All methods are subject to measurement 
error -random or systematic, decreasing the precision of the instrument 
used. Culminating intakes across a range of methods and in different 
populations, makes it difficult to propose dietary recommendations, 
determining group or population adequacy and to determine associa
tions with health outcomes. However, even though dietary assessment 
tools have measurement error, they still retain importance in the 
research, monitoring, and policy settings. Additionally, almost half the 
studies which reported on energy intakes of PWCF did not report energy 
as a percentage of the EAR or equivalent. Consequently, it was not 
possible in some studies to identify whether PWCF achieved energy in
takes in line with recommended guidelines. 
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5. Conclusion 

It is evident from this systematic review that overall diet quality in 
adults with CF is poor, and fat is being overconsumed relative to CF- 
specific nutrition guidelines. While energy requirements are being 
met, they are achieved through EDNP / discretionary foods, and it ap
pears necessary for adults with CF to take supplements to achieve most 
micronutrient targets. With adverse effects associated with long-term 
suboptimal dietary intakes and EDNP diets in the general population, 
caution must be taken regarding overconsumption of EDNP foods in the 
CF population. Advancements in treatments including VST, while 
reducing historic CF comorbidities and sequentially improving life ex
pectancy and nutritional status of PWCF, has coincided with heightened 
incidences of diet-related chronic disease. Nutrition advice for PWCF has 
not yet progressed accordingly with VST advancements and thus, up-to- 
date dietary guidelines for most PWCF are lacking. As the long-term 
consequences of EDNP diets in PWCF are unknown, it must be consid
ered that the adverse effects associated with long-term suboptimal di
etary intakes pose equal risk to PWCF in the development of diet-related 
chronic diseases as for the general population, and thus, the revision of 
dietary guidelines and practice change in the medical nutritional ther
apy of CF for optimal nutritional and health outcomes is warranted. 
Furthermore, future research should be conducted to determine the 
optimal dietary pattern and intakes for adults with CF in these times of 
medical and gene therapy advancements. Alongside this research, the 
views and experiences of adults with CF should be collected in relation 
to drivers of food choice, and the enablers or barriers to eating a healthy 
diet, to create the most up-to-date patient-informed nutrition guidelines 
implementable within the adult CF population. 
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