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Abstract

Background.: Cystic fibrosis (CF) is characterized by changes in fat mass and lean body mass that may have important prognostic
value. We aim to appraise the type and frequency of application of body composition (BC) methods in child and adult patients with
CFE. Methods: We used 4 databases (Embase, PubMed, Scopus, and Web of Science) to perform the literature search. The search
was conducted from January 2017 to February 2017. Two independent reviewers selected articles based on titles and abstracts to
check eligibility for inclusion. All study designs or types of articles (abstract, full text) were considered. Results: Eighty-four full-text
articles and 40 studies presented only as abstracts were selected. Sixty-four studies included children and adolescents (age range
of 0.1-18 years), and 41 studies recruited adults (range of 18-57 years); 13 studies included both age groups. Dual-energy X-ray
absorptiometry (DXA) was used in 56 studies (33.9%), and bioelectric impedance analysis (BIA) was used in 12 studies (9.7%),
whereas 38 studies (30.6%) combined different methods (up to 5 different methods) to assess BC. Conclusions.: The results show a
large variability in the application of BC methods in patients with CF that makes the comparison between studies difficult. The

only methods with a sufficient body of literature are DXA and BIA. (Nutr Clin Pract. 2019;34:701-714)
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Introduction

Cystic fibrosis (CF) is a genetic disorder characterized by
multi-organ failure, which primarily affects the lungs and
the endocrine and reproductive systems.! The disease is
usually diagnosed early in life, and the current median life
expectancy in the United Kingdom is around 30 years.’
Children with CF may have impaired growth trajectories
for weight and height,*> which are closely linked to disease
severity and to recurrent infections and gastrointestinal
malabsorption.*

The European Society for Parenteral and Enteral Nu-
trition (ESPEN) developed guidelines on nutrition care for
patients with CF at different stages of life (infants, children,
and adults) and considers the assessment of nutrition status
as a primary step to achieve the best possible therapeutic
and prognostic outcomes.®> The assessment of the nutrition
status represents a fundamental step in clinical diagnostic
protocols to define the individual physiological and func-
tional capacity, to identify nutrition deficiencies, and to
establish therapeutic and monitoring strategies.®” The body
composition (BC) assessment plays an important role in the
nutrition status evaluation, as it provides information on
content and distribution of adiposity, lean body mass, bone
health, and hydration status.

Different methods can be used to assess whole-body and
segmental BC, including dual-energy X-ray absorptiometry
(DXA), bioelectrical impedance (BIA), deuterium dilution
(DD), skinfold thickness (SF), or imaging methods such as
magnetic resonance imaging (MRI) or computed tomog-
raphy (CT). The main BC components assessed by these
methods are fat mass (FM), fat-free mass (FFM), total
body water (TBW), extracellular water, intracellular water,
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bone mineral content (BMC), bone mineral density (BMD),
protein mass, and body cell mass (BCM). The choice of
the most appropriate BC method needs to take into con-
sideration several factors to be investigated, such as clinical
or research settings, financial and technical resources, or
BC component.

In patients with CF, it is important to establish which
specific BC components are independent predictors of clin-
ical outcomes, since this could have implications for treat-
ment plans and prognostic outcomes. Studies documented
a significant association between a decrease in FFM and
impaired pulmonary function or poor respiratory muscle
strength in patients with CF.3? Therefore, in recent years,
there has been a growing research interest in comparing
the accuracy of different BC methods in patients with CF
and in the investigation of the relationship between BC and
health outcomes.!%!!

The aim of this systematic review is to critically appraise
the existing evidence, focusing only on the BC methods
used in child and adult patients with CF. Specifically, we
will evaluate (1) the type of BC methods and frequency of
application and (2) the heterogeneity across studies in the
application of the different methods in adult and nonadult
patients with CF.

Materials and Methods

The protocol of the systematic review has been developed
according to the PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses)!> guidelines,
and it has been registered in the PROSPERO database
(International Prospective Register of Systematic Reviews;
http://www.crd.york.ac.uk/prospero, registration number:
CRD42017062559).

Literature Search

Four databases (Embase, PubMed, Scopus, and Web of
Science) were utilized to perform a comprehensive search of
the literature. The search was conducted from the inception
of the databases until February 2017, and the aim was to
evaluate the instruments used to assess BC in patients (chil-
dren and adults) affected by CF. The following keywords
were used: cystic fibrosis OR cystic fibrosis transmembrane
conductance regulator (CFTR) AND body composition
OR nutritional status; AND anthropometry OR
bioimpedance analysis OR densitometry OR dual-energy
x-ray absorptiometry; AND multi-compartment model.
References of eligible articles were also screened to identify
additional studies that may have not been included in the
primary search.

Study Selection and Inclusion Criteria

The PICOS (Participants, Interventions, Comparisons,
Outcomes, and Study design) criteria used to delineate

Table 1. Participants, Interventions, Comparisons, Outcomes,
and Study Design Criteria for Inclusion and Exclusion of
Studies.

Parameter Criteria

Participants Children, adolescents, and adult subjects
with cystic fibrosis

Evaluation of body composition; studies
evaluating body compartments were
included and studies evaluating only
body weight, body height, and body mass
index were excluded

How effective the different body
composition evaluation methods are

The outcome was the analysis of the tools
and methods used to assess body
composition in people with cystic fibrosis

No selection considering the study design
on the condition that the body
composition analysis was performed

Intervention

Comparison

Outcomes

Study design

the research question for this review were described in
Table 1. All study designs were considered except reviews,
letters, and editorials. The abstracts published by the same
authors of full-text articles were included if the year of
publication and the sample size were different. Articles were
excluded from the review if (1) only weight, height, and
body mass index (BMI) were considered as a proxy of BC
and (2) the method to assess BC was not reported. Titles
and abstracts were assessed by 2 independent investigators
to check eligibility for inclusion. A concordant decision
between the 2 investigators meant that articles were either
assessed in the full-text phase or removed from the main
analysis. Any disagreement in the inclusion of an article was
resolved by a third investigator.

Data Extraction and Quality Assessment

The following information was retrieved from each article:
(1) authors, title, and year of publication; (2) study design
and research/clinical setting; (3) sample size; (4) subjects’
characteristics (ie, age, gender, weight, height, pulmonary
function forced expiratory volume in 1 second); (5) method
used to assess BC; (6) BC components (ie, FM, FFM, TBW,
BMD); and (7) summary of main findings. These data were
included in an electronic database by a first investigator
and cross-checked by another investigator. Considering the
age range, 3 categories were created: “pediatric,” including
subjects from birth to 18 years; “adult” subjects older than
18 years; and “mixed ages,” indicating unknown age range.

The Downs and Black instrument was used to assess
the methodological quality and the risk of bias of the
studies comprised in this systematic review.'> The Downs
and Black checklist consists of 27 items to assess study
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Embase = N°1105
PubMed = N°3730
Scopus = N°1953

Identification

Records identified through electronic search

Web of Science = N°2522

v

N°3301

Records after duplicates removal

Screening

v
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— | Record excluded = N° 3150

y

Eligibility

N°96

N°55

Full text assessed for eligibility

Abstract assessed for eligibility

Full text articles excluded N°12

1. Only nutritional status (n = 2)
— 2. Not focusing on BC (n = 10)
Abstract excluded N°15

1. Not focusing on BC (n =7)

v

2. Not enough data available (n = 8)

N°84 Full text
N°40 Abstract

Included

Papers included in the analysis

Figure 1. Flow diagram of the search strategy.

quality, including reporting, external validity, and internal
validity bias. The checklist for this study was modified by
removing 8 questions (4, 8, 14, 15, 19, 23, 24, and 27) of
the 27 original items that were not relevant to the aim of
this study. Furthermore, 3 items (9, 17, and 26) focusing
on the follow-up were excluded for cross-sectional studies.
Therefore, the final checklist consisted of 19 items for
longitudinal studies and 16 items for cross-sectional studies,
with a maximum score of 20 or 17 points, respectively.
High or low quality was determined using the median split
of the scores. The quality assessment was carried out by
2 independent authors, and when disagreements between
assessors occurred, consensus was achieved through a third
assessor’s opinion.

Results
Selection of Eligible Articles

Three thousand three hundred one studies were identified
by searching Embase, Pubmed, Scopus, and Web of Science
databases after the removal of 6009 duplicates. During
the title and abstract screening phase, 3150 were excluded
because of missing data on BC. Some of the eligible studies
were published as abstract only (mainly contributions to
conferences on CF), and therefore a full manuscript was
not available. However, the decision of the research team

was to include the abstracts in the systematic review as long
as they met the inclusion and exclusion criteria considering
that abstracts usually are pilot studies using emerging tech-
niques. In total, 84 full texts and 40 abstracts were included
and evaluated in the systematic review. The selection and
screening process is summarized in Figure 1.

Sample Size and Study Design

The 40 abstracts selected in the review included 2438 pa-
tients with CF; 6 studies included a control group, giving
a total number of 594 controls.'*!"” One study compared
the BC of patients with CF to existing reference values
obtained from a healthy age-matched and gender-matched
population.?” A longitudinal study had the smallest sample
size (6 patients),”! whereas a cross-sectional study included
the largest number of patients with CF (138).2> The number
of participants with CF included in the 84 full-text articles
ranged from 8 to 226 for a total of 4699 patients; 41
studies also had a control group as part of the study
design (see Table 2) and included a total of 2261 controls
ranging from a minimum of 8 to a maximum of 322
participants. The sample size of the full-text studies ranged
from 8 to 226 participants with CF. Multiple studies were
conducted by the same authors, but it is not clear if they
studied a separate population; although not so accurate, it
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Table 2. Characteristics of the 40 Abstracts Included in the Systematic Review.

Methods Used for the

Study Sample Body Composition
Reference Country Design Size Age (in Years) Analysis
Alicandro et al (2012)% Italy CS 138 8472 BIA-DXA-SF
Almajan-Guta et al (2012)%° Romania CS 20 14-182 BIA
Bianchi et al (2009)'4 Italy CS 136/136 3248 DXA
Bisogno et al (2013)#¢ Italy L 85 19-272 DXA
Bosnak-Guclu et al (2012)"° Turkey CS 36/35 NR BIA
Brookes et al (2011)'° Australia CS 53/53 7-18° pQCT
Chirita-Emandi et al (2014)'% Romania L 101 8-182 DXA
Cordioli et al. (2010)'2 Italy CS 27 5172 DXA
De Waele et al (2009)%! Belgium CS 62 12-38¢ DXA-pQCT-ULT
De Waele et al (2007)7° Belgium CS 51 2.3-20.5* ULT
Dijeddi et al (2010)*7 France CS 29 152+ 1.5° BIA
Dusser et al (2013)73 France CS 46 13¢ BIA-DXA
Gornicka et al (2010)'%7 Poland CS 20 5.9-19.1* DXA
Hatziagorou et al (2010)” Greece CS 30 15.4 4+ 4.9% DXA-ULT
Hatziagorou et al (2013)°! Greece CS 64 0.1-18 # BIA
Hilton et al (2015)*! UK CS 17 NR BIA
Jaksic et al (2016)* New Zealand L 60 5.9-18.8% DXA
Junge et al (2012)*° Germany CS 156 11.34+3.4° BIA
King et al (2014)% Australia CS 59 31.0 £9.2° SF
Mailhot et al (2014)!7 Canada CS 16/13 30 £ 9° DXA
Marostica et al (2015)'3 Brazil CS 35/35 6-18° ULT
Mead et al (2015)'%8 UK CS 172 28.5¢ DXA
Mielus et al (2013)!% Poland CS 72 8-18* DXA
Murphy et al (2015)% Australia CS 82 NR TBK
Nadeem (2010)* Ireland L 51 8-19° DXA
O’Driscoll et al (2015)* UK CS 150 16-66* DXA
Oldroyd et al (2009)! UK L 6 8.1-11.8° DXA
Prais et al (2010)% Israel CS 77 4-59° ULT
Proud et al (2012)* UK CS 117/4463 17-53% BIA
Proud et al (2016)%3 UK CS 89 29.1¢ BIA
Proud et al (2016)** UK L 8 20-46 * BIA
Roddy et al (2012)¥ Ireland L 50 12.8 +£2.1° DXA
Rousseau-Nepton et al (2012)!3° Canada CS 19 6-16° DXA
Scott et al (2012)% USA cs 15 13.9° BIA
Sheikh et al (2012)"° USA CS 98/322 5-18* DXA
Simovik et al (2011)'3! New Zealand CS 35 10-18.8? DXA
Solarino et al (2015)* Italy CS 44 NR DXA
Svekusova et al (2011)°? Slovakia CS 36 5-182 BIA
Tierney et al (2015)% Australia L 20 NR DXA
Williams et al (2010)* UK L 56 NR DXA

BIA, bioelectric impedance analysis; CS, cross-sectional; DXA, dual-energy X-ray absorptiometry; L, longitudinal; NR, not reported; pQCT,
peripheral quantitative computed tomography; SF, skinfold; TBK, total body potassium; ULT, ultrasound.

4Age range.
b Age media.
¢Age median.

could be useful to get an overview of the total number of
participants.

Sixty-four (51.6%) of the total number of studies in-
cluded a pediatric population with an age range between
0.1 and 18 years and a total number of 3890 children and
adolescents with CF. Two of these studies assessed BC in
toddlers (<2 years) with CF.>>2* Forty-one studies (33.1%)

recruited adult patients aged between 18 and 57 years and
a total number of 1983 patients with CF. Only 15 studies
included patients older than 40 years.?>>>2>37 Ten studies
(8.1%) included both children and adults?®-?228-30.33.35,38-40
(range: 4-66 years, N = 768). Six studies (published as
abstracts) did not report information on the age of the
patients!>*143 (Tables 2, 3, and 4). Thirty-one studies
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Table 3. Characteristics of the 84 Full-Text Studies Included in the Systematic Review.
Methods Used for the

Study Sample Body Composition
Reference Country Design Size Age (in Years) Analysis
Alicandro et al (2014)% Italy CS 85 18442 DXA
Alicandro et al (2015)%° Italy CS 142 17.25 4+ 3.5° BIA-DXA-SF
Alvarez et al (2016)7 USA CS 32/20 CF:26.1 +8.9;C:30.9+8.8° ADP
Azcue et al (1992)7 Canada CS 20/21 CF:21.24+09.1;C:21.5+8.6® BIA-H,"®O
Bai et al (2016)"! USA CS 12/24 CF:11.840.9;C:1244+0.9° pQCT
Baker et al (2016)% USA L 63 18-572 BIA-DXA
Beaumesnil et al (2011)® France CS 55 4-29? BIA-DXA-SF
Bianchi et al (2005)> Italy L 136 14 +£52° DXA
Boguszewski et al (2007)!*2  Brazil CS 26/33 5-15.5% DXA
Borovnicar et al (2000)%7 Australia CS 19 10.4 4 0.4° DD-TBCI-TBK
Borowitz et al (1994)% USA CS 10/10 CF: 18-39; C: 15-43 BIA-DD
Brookes et al (2015)"? Australia CS 53/53 CF:1254+1.6;C: 11.8 £ 1.6" pQCT
Buntain et al (2003)% Australia CS 153/149 5 and older® DXA
Cemlyn-Jones et al (2008)*®  Portugal CS 22 1445 DXA
Charatsi et al (2016)'° France CS 54 5-212 BIA-DXA
Chaves et al (2015)'%8 Brazil CS 56 12.242.5° DXA
Conway et al (2008)'3* UK CS 107 11.9 £+ 1.64° DXA
De Meer et al (1999)°! Netherlands L 26/13 CF:14.74+2;C:152+£19> SF
Donovan et al (1998)'3 USA CS 30/30 CF:30+2;C:3242P DXA
Duveau et al (1999)'3¢ France CS 45 13 £5.5° DXA
Elkin et al (2000)"’ UK CS 25/25 CF:28 +£8;C:28+7° DXA
Elkin et al (2001)"38 UK CS 107 28 4 8° DXA
Engelen et al (2012)!05 USA cs 77 14.8 +2.9° DXA
Enright et al (2007)'%° UK CS 40/30 CF: 18-32; C: 18-33¢ DXA
Flohr et al (2002)'4 Germany CS 75 25.3 4+ 6.92° DXA
Forte et al (2012)% Brazil CS 69 5.4-16.5° SF
Frangolias et al (2003)'#! Canada CS 68 18-55¢ DXA
Girdna et al (2004)'4? Spain CS 33 23.06 £ 6.12° DXA
Gordon et al (2007)% USA CS 64 31449.1° BIA-SF
Greer et al (1991)3 Australia L 25 Birth to 1-2 years® SF-TBK
Grey et al (1993)!4 New Zealand CS 22/65 CF:23£38;C:26+6° DXA
Groeneweg et al (2002)% Netherlands CS 58 4-18° BIA-SF
Gronowitz et al (2003)* Sweden CS 70 6-492 DXA
Gruet et al (2015)™ France CS 15/15 CF:28 +£6;C:28 £+ 5 MRI
Hardin et al (2001)% USA cs 41 10-30° DXA
Hauschild et al (2016)° Brazil CS 46/24 8.5¢ BIA-SF
Henderson et al (1996)°> USA CS 62 10.7 £ 3.6° DXA-SF
Henderson et al (1999)°! USA CS 47/40 5.7-20.3% DXA-SF
Hollander et al (2005)>! Netherlands ~ CS 35 18-46* BIA-SF
Tonescu et al (1998)% UK CS 49/25 23.7 + 4.4° SF
Ionescu et al (2000)'44 UK CS 22/22 CF: 23.6; C: 23.8° DXA
Ionescu et al (2002)'4° UK CS 40/22 CF:23.1; C: 23.8° DXA
Tonescu et al (2003)%? UK CS 56/20 17-38* BIA-DXA
Kelly et al (2008)46 USA CS 82/322 CF:132429;C:1294+29> DXA
King et al (2013)*? Australia L 58 3394+ 7.7° DXA
King et al (2005)* Australia CS 76 19-592 BIA-DXA-SF
King et al (2010)° Australia CS 86/156 30.0 £ 7.7° DXA
Lucidi et al (2009)'47 Italy CS 82/82 CF:13.54+5.6;C: 1294+ 59" DXA
Marin et al (2004)% Chile CS 15/15 CF:82+38;C:7.9+3.2° DD-SF
McNaughton et al (2000)®  Australia CS 226/140 CF: 8.76 & 5.54° TBK
Miller et al (1982)¢7 Australia CS 9/8 5.6-13.2% SF
Moriconi et al (2006)'4® USA CS 24/24 CF:30.44+9.4;C:30.5+8.8° DXA
Newby et al (1990)°7 USA CS 8/8 CF:27.34+3.4;C:2844+3.5> BIA-DD-TOBEC-SF-U

(continued)
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Table 3. (continued)

Methods Used for the

Study Sample Body Composition
Reference Country Design Size Age (in Years) Analysis
Panagopoulou et al (2008)*  Greece CS 43/27 CF:20.24+8.4;C:1994+94> BIA-CT
Pedreira et al (2005)'% Australia CS 50 12.7 & 2.4° DXA
Puiman et al (2004)° Netherlands  CS 56 4-18° BIA
Putman et al (2015)'*° USA CS 32/32 27.5° DXA
Quirk et al (1995) Australia CS 28 4.2-16.3% BIA-SF-TBK
Quirk et al (1997)% Australia CS 31 10.1 & 3.3° BIA-SF-TBK
Reix et al (2010)"! France CS 161 10 +4.8° DXA
Richards et al (2003)'1¢ Australia CS 36/42 CF:25.54+5.6;C:254+4.8> BIA-DD
Rochat et al (1994)! Switzerland ~ CS 12 23.25 £ 2.90° DXA
Rossini et al (2007)'% Italy CS 172 27.6 £5.7° DXA
Salamoni et al (1996)% Switzerland  CS 14/14 CF:12.243.5;C:12.3+3.5> BIA-DXA-SF
Schepper et al (2012)'% Belgium CS 64 20.6 & 5.9° DXA
Sheikh et al (2014)!% USA CS 208/390 5-212 DXA
Sheikh et al (2015)* USA CS 103 16-53* DXA
Shepherd et al (1988)* Australia CS 140 2-17° TBK

L 12 Birth to 2 years? TBK
Shepherd et al (2001)* Australia CS 30/18 CF:13.1£0.6;C: 12.6 +1.3* SF-TBK
Slosman et al (1992)7° Switzerland ~ CS 10/60 CF:2324+1.0;C:26.8+ 14> DXA-TBK
Spicher et al (1993)% Switzerland  CS 39/39 CF:12.94+4.4;C:12.1 £4.3* BIA-SF
Stalvey et al (2012)!5¢ USA cs 62 9.4 421" DXA
Stettler et al (2000)> USA CS 25126 5-102 SF-DD-TOBEC

L 25126 CF:7.8+13;C:7.7+£1.3b SF-DD-TOBEC
Street et al (2006)%7 Italy CS 17 19-39¢ DXA
Swisher et al (2003)* UsS CS 10/10 14 and older® ADP-NIR-SF
Tejero et al (2015)3¢ Spain CS 50 16-46 TBK
Thomson et al (1995)%° Australia CS 144 0.3-172 TBK
Tomezsko et al (1994)% USA CS 23/24 CF:7.8+13;C:7.7+1.1° DD-SF-TOBEC
Ujhelyi et al (2004)>* Hungary L 38 16.5¢ DXA
Wells et al (2008)° Canada CS 55 13.24+2.4° DXA-MRI-SF
Williams et al (2006)'! UK CS 26/88 5-212 ADP-DD-DXA
Williams et al (2010)® UK CS 85/85 6-12¢ DXA-ADP-SF-DD
Williams et al (2013)%3 UK L 69 9.31 + 1.46° DXA-ADP-SF-DD
Ziai et al (2014)7 Canada CS 34 20-54% BIA-DXA

ADP, air displacement plethysmography; BIA, bioelectric impedance analysis; C, control group; CF, cystic fibrosis; CS, cross-sectional; CT,
computed tomography; DD, deuterium dilution; DXA, dual-energy X-ray absorptiometry; H,'80, water isotope; L, longitudinal; MRI, magnetic
resonance imaging; NIR, near-infrared interactance; NR, not reported; pQCT, peripheral quantitative computed tomography; SF, skinfolds;
TBCI, total body chloride; TBK, total body potassium; TOBEC, total body electrical conductivity; ULT, ultrasound; U, densitometry by

underwater weighing.
4 Age range.

b Age media.

¢Age median

(published as abstracts) had a cross-sectional design,
whereas 9 studies!'0-21:3443:4446-49 were longitudinal with a
follow-up duration between 3 months and 10 years. The
84 articles (full texts) included only 9 studies with a lon-
gitudinal design with a follow-up duration between 1 and
4 years>>2426:0-55 (Tables 2 and 3).

Quality assessment. According to the modified Downs and
Black tool, the quality assessment indicated that 44% (4/9)
of longitudinal studies (Table S2) and 37% (28/75) of the
cross-sectional studies (Table S3) had lower quality (based

on a median split count of <15/20 and <11/17, respectively).
Considering the total number of studies, 38% (32/84) had
low quality.

Methods for BC Assessment

DXA was used in 56 studies (33.9%, sece Tables 2
and 3 for details), whereas 12 studies (9.7%) used only
BIA!320.3441.56-63. 5 studies (4%) applied SF,>-%+7 and
5 other studies used the total body potassium counting
method (TBK).24364368.6 Three studies used ultrasound
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Table 4. Number and Percentage of Studies Using Single or Multiple Methods to Assess BC in CF Subjects Stratified by Age

Groups.
Abstract and Full Text
Age Not Total Number
Pediatric, Adults, n Mixed Age Reported, of Studies,
Methods n (%) (%) Group, n (%) n (%) N (%)
Single BC methods 42 (33.9) 30 (24.2) 8 (6.5) 6(4.8) 86 (69.4)
DXA 25(20.2) 22 (17.7) 6(4.8) 3(2.4) 56 (45.2)
BIA 7 (5.6) 3(24) 2(1.6) 12 (9.7)
SF 3(2.4) 2 (1.6) 5(4)
ULT 1(0.8) 2(1.6) 3(2.4)
TBK 3(2.4) 1(0.8) 1(0.8) 5(4)
pQCT 3(2.4) 3(2.4)
ADP 1(0.8) 1(0.8)
MRI 1(0.8) 1(0.8)
Combined BC methods 22 (17.7) 11(8.9) 5(4) 38 (30.6)

ADP, air displacement plethysmography; BIA, bioelectric impedance analysis; BC, body composition; CF, cystic fibrosis; DXA, dual-energy
X-ray absorptiometry; MRI, magnetic resonance imaging; pQCT, peripheral quantitative computed tomography; SF, skinfold; TBK, total body

potassium; ULT, ultrasound; %, of all studies.
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Figure 2. Number of studies using >1 method to assess body composition in cystic fibrosis subjects. The y-axis shows
combinations of body composition (BC) methods; the x-axis shows the number of studies using each BC combination. ADP, air
displacement plethysmography; BIA, bioelectric impedance analysis; CT, computed tomography; DD, deuterium dilution; DXA,

dual-energy X-ray absorptiometry; IS0 H,(18)O, isotopic distribution of H,(18)O; MRI, magnetic resonance imaging; NIR,
near-infrared interactance; pQCT, peripheral quantitative computed tomography; SF, skinfold; TBK, total body potassium;

TOBEC, total body electrical conductivity; ULT, ultrasound.

(ULT),'83370 3 studies used peripheral quantitative com-
puted tomography (pQCT),'®172 1 study used air dis-
placement plethysmography (ADP),”> and 1 study used
MRI.”* Among all studies, 38 (30.6%, see Tables 2 and 3
for details) combined different methods (up to 5 different
methods) to assess BC; >50% of the studies applied DXA

or BIA. Table 4 and Figure 2 provide an overview on the
frequency of application of the various methods, alone or
in combination, in different age groups.

Combined methods to assess BC. The main aims of
these studies in combining different methods were to
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(1) validate a BC method against an established reference
(12 studies)!0-1122.25.27.31.75-80 and/or evaluate the agreement
between different methods (11 studies)?237-38:4081-86 without
specifying a reference BC method and (2) combine different
methods (14 studies)?>204453558795 {5 have a more precise
BC evaluation. Table S1 in the supplementary material
shows the characteristics, main aims, and findings of
these studies.

Validation studies. Ten studies'V-=520257 1,29, 12,8585,
evaluated the accuracy of BIA in patients with CF
using DXA as the reference method (5 of these studies used
SF in combination with BIA and DXA).?>3238829 Tyo
studies reported a good agreement between BIA and DXA
and suggested that BIA could be used for the assessment
of BC in child and adult patients with CF”>32; however,
Ziai et al observed that BIA overestimated FFM in patients
with <40 kg of FFM and underestimated for higher FFM
values.?” King et al*> suggested that both SF and BIA
incorrectly estimate FFM in adults with CF compared
with DXA, whereas Beaumesnil et al*® found an excellent
correlation between the 3 methods. Two studies proposed
the use of population-specific BIA equations to improve the
accuracy of the measurements.”>%® Charatsi et al validated
the only CF-specific equation for BIA using DXA as a
reference method.!”

Five studies compared BIA and SFj31:83389 1 study
compared SF with DD, and another one to near-infrared
interactance and ADP; the study found that none of the SF
equations agreed with ADP in females with CF.*° De Waele
et al concluded that radial peripheral quantitative computed
tomography (pQCT) might help to identify patients with
CF with a normal BMC, but it cannot replace DXA as a
diagnostic tool.3! Newby et al compared different methods
to evaluate the BC and observed that estimates of BC by
total body electrical conductivity (TOBEC), D,0 dilution,
and SF produced the same qualitative pattern of body
tissue deficit in patients with CF: less FM and less FFM.%’
Three studies compared DXA to the 4-component model,'!
MRI¥ and TBK,” and they all concluded that DXA
provided an accurate measurement of BC in patients with
CF. Finally, Hatziagorou et al compared ULT with DXA
for the assessment of bone health; the study did not support
the use of ULT to assess osteopenia and osteoporosis in
children with CE.”’

Different BC methods in combination. Thirteen studies com-
bined different methods to have a more precise evaluation of
the BC. Two studies used BIA and anthropometry (SF and
upper arm circumference)®*° to assess BC and suggested
that both of these methods may be useful; however, longitu-
dinal studies in children with CF are needed to evaluate their
clinical significance in detecting changes in nutrition status.
We also found a large heterogeneity across studies in the

simultaneous application of BC methods. Two studies’!-%>

used DXA to evaluate the BMD and SF to assess the
FM, whereas another study®® used BIA to evaluate the
FM and DXA to estimate BMD; Panagopoulou et al used
BIA to assess BC and the CT scan to measure the vis-
ceral/subcutaneous adipose tissue ratio’; Marin et al used
DD to measure TBW and FFM, and SF thicknesses were
used to measure FM.?> TBK or total body chlorine were
also combined to measure BCM?*%* and assess body fluid
compartments in patients with CE.37 Only 3 studies applied
multicompartment models to have a more precise pheno-
typic characterization of BC in patients with CF.>33%.%8

Discussion

This systematic review examined the current evidence on
the assessment of BC in adult and nonadult patients with
CF using different BC methods (see Box S1). Considering
the low quality of most of the studies and their contrasting
results, it is challenging to draw a clear conclusion.

In particular, only a small number of studies (15%) had
a longitudinal design, preventing us from proposing clear
recommendations on the most reliable methods to monitor
changes in BC; however, 9 of these studies found changes
in FFM and FM, confirming the importance of long-term
monitoring of BC in these patients to improve prognostic
outcomes.??2426.34,46,51-53.55 1 addition, 30% of the cross-
sectional studies aimed to identify the most reliable method
to assess BC in these patients, and the results are, on the
whole, discordant. Overall, DXA and BIA were the most
frequent methods applied for the assessment of BC in
patients with CF.

The assessment of BC is important to define the severity
and the evolution of CF, and it may allow the early iden-
tification of patients with CF at risk of malnutrition and
assist with the prescription and/or evaluation of the efficacy
of medical and nutrition interventions. Considering the
increased energy requirements in patients with CF, the risk
of malnutrition is high,” and it is related to diverse factors
such as intestinal inflammation, impaired liver function,'®
maldigestion, and malabsorption caused by the pancreatic
insufficiency.'’! Furthermore, impaired lung function, both
in adults and children with CF, is associated with mal-
nutrition and high mortality.'”> On the other hand, there
is a clear correlation between an optimal nutrition status
and a better lung function, and both of these situations
are found to improve survival and clinical outcomes.!*® For
these reasons, the evaluation of BC as a sensitive marker
of nutrition status is an important step to minimize the nu-
trition deficit and to ameliorate the clinical outcomes. BMI
alone as a measure of optimal health is not sufficient in this
population because it does not allow for an evaluation of
the different body compartments.'® In particular, in these
patients, it is important to evaluate and monitor FFM since
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different studies described a marked reduction of FFM in
patients with CF%%%195 and a significant association with a
more severe lung disease.!% It is also important to evaluate
FM, considering that adiposity and lung function appear
to be inversely related.!®” Abdominal fat accumulation in
young and adult patients with CF seems to be correlated
with chronic inflammation, physical inactivity, and growth
hormone decrease.'”® Finally, a number of risk factors for
bone loss and low BMD are seen in patients with CF,
including nutrition deficiency, chronic inflammation, and
chronic use of glucocorticoids.'?

DXA was the most frequently applied method to eval-
uate BMD or BMC. This is important because patients
with CF are at an increased risk of developing low BMD
and fragility fractures''?; therefore, monitoring the bone
status during the growth process is an important step for the
prevention of osteoporosis and osteopenia. The European
Cystic Fibrosis Bone Mineralisation Guidelines recommend
that “DXA is used to assess bone mineral density in all
patients from the age of 8-10 years of age”'!” and advise
to repeat this measurement every 1-5 years, depending on
the presence of risk factors, age of the patient, and results
of the previous scan.

The frequent utilization of DXA in this population could
be explained by the significant effects of CF on bone health
during growth and adulthood.!'!'? In addition, current
diagnostic protocols recommend the use of DXA for the
assessment of BMD in all patients with CF from 8 years
of age.!?

The main advantage of the DXA method from a nu-
trition standpoint is the high accuracy and the possibility
to obtain detailed information, alongside BMD, on total
and segmental lean body mass and FM.!'3!!# This is the
primary reason why DXA was often chosen (19 studies) as
a reference method in the validation of other BC methods.
In addition, DXA measurements are essential to build a 4-
compartment model of BC.!!-3.98

BIA was the second most applied method for the eval-
uation of BC in patients with CF; it directly measures the
impedance of the human body (resistance, resistivity, and
phase angle), whereas the parameters related to BC (water
content, FFM, and FM) are calculated using prediction
equations. The basic assumption underlying these equations
is that the hydration status is normal and that the water
content of FFM is equal to 73%.'!> Since these conditions
are not always respected in real life, and particularly in
clinical settings, authors considered the raw electric data in
their analyses and found a good correlation between these
data, clinical status, and prognosis. BIA is often used to
measure TBW, as it is highly correlated with the impedance.
One study reported an overestimation of TBW with BIA in
subjects with CF,''¢ whereas 2 other studies reported more
accurate measurements of changes in TBW.7%% Measure-
ment of hydration status in patients with CF is also critical,

as altered fluid transport in epithelial cells, which is related
to an imbalance between sodium and chloride transport,
may result in changes in water content.'!” This emphasizes
again the importance of applying BIA-specific prediction
equations to obtain more accurate estimates of BC.

Other BC methods (ie, CT, MRI, ULT, ADP, pQCT, and
TOBEC) were used in 16 studies and applied in different
combinations. CT and MRI are currently considered the
gold standards for estimating the quality and quantity
of muscle mass.!'®!"° The main advantage of MRI over
CT is a lack of radiation exposure and higher resolution
and sensitivity; however, the use of MRI is limited by
the technical expertise, costs, and long acquisition time.'?
pQCT could provide a more affordable and practical al-
ternative to the costlier imaging methods; however, the
main limitations include a lower accuracy, analysis limited
to peripheral anatomical sites, and provision of limited
information on muscle and adiposity content.!?! Increasing
evidence showed that ULT may be a reliable, accurate, and
safe method to measure subcutaneous and visceral fat.'??
However, the lack of standardized methods and the high
intraoperator and interoperator variability are the main
limitations of this method.'??

It became evident from this review that a single method
is unlikely to provide detailed information on body com-
ponents; the choice of the BC method should be guided
by clinical, research, and logistic factors concerning the
stage of the disease, therapeutic plans, research questions,
study design, and technical and financial resources. For
instance, BIA and SF thickness are easily available and not
expensive, but accuracy may be limited in patients with
abnormal hydration if appropriate predictive equations are
not used. Multicompartment models of BC are the refer-
ence BC method as they account for between-individual
differences in hydration and density, but their application
has so far remained limited to research settings.!?> DXA is
certainly the BC method of choice in patients with CF, as
it combines the accuracy of a 3-compartment model with
the opportunity to obtain information on bone health, lean
body mass, and adiposity.

The ESPEN-ESPGHAN-ECFS guidelines on nutrition
care for infants, children, and adults with CF clearly
recommend the assessment of BC in all patients with CF;
however, the degree of evidence on predictive value of
BC assessment in patients with CF remains moderate.’
Longitudinal studies are needed to better define the role of
BCin the assessment of nutrition status of patients with CF.
The primary aim could be to explore the predictive value
of BC for functional and clinical outcomes such as growth
trajectories, pulmonary function, recurrent infections,
hospitalization, and life expectancy.

Monitoring the nutrition status is an important step in
CF care, considering that these are patients at high risk
for malnutrition.'?* BC assessment methods vary depending
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on their reliability and precision. Each method presents
advantages and disadvantages, so 1 unique approach may
not be ideal for all circumstances. Furthermore, it is not
always possible to have access to a BC method like DD or
TBK in the clinical setting. Hence, it is essential to identify
the best available options for the assessment of nutrition
status of patients with CF in a defined clinical context.
DXA provides useful information on FM, FFM, and bone
mineral mass, which need to be monitored in subjects with
CF and could therefore represent the BC method of choice.
DXA is a safe technology, and the dose of ionizing radiation
of current instrumentation is below background levels,
highlighting the importance of using to evaluate DXA not
only the bone health but also total BC. However, monitoring
changes in body weight and height (in pediatric populations)
or assessment of BC using BIA during routine follow-up
visits could also provide information for an early detection
of changes in nutrition status.

The mainstay of this review are to include a compre-
hensive search strategy and no restriction of the search
to a specific study design, BC parameters, or method. In
addition, the present review includes studies presented as
abstracts only, which has further broadened the represen-
tativeness of the results. The main limitation of the review
is its narrative form, providing only a qualitative assessment
of the studies. The large heterogeneity of the studies for BC
methods, clinical outcomes, and study design prevented the
conduction of a meta-analysis of the results.

Conclusions

The results showed great variability in the methods used
to evaluate BC in patients with CF. As a consequence,
clear conclusions cannot be drawn to propose an evidence-
based algorithm to assist with the assessment of BC in
patients with CF. However, DXA and BIA remain the most
frequently applied methods and currently represent, in our
opinion, the preferred choice to assess and monitor BC
changes in this population.
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