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Abstract

Background: Computed tomography (CT) is commonly utilized in chronic obstructive pulmonary disease (COPD) for
lung cancer screening and emphysema characterization. Computed tomography-morphometric analysis of body com-
position (muscle mass and adiposity) has gained increased recognition as a marker of disease severity and prognosis. This
systematic review aimed to describe the CT-methodology used to assess body composition and identify the association of
body composition measures and disease severity, health-related quality of life (HRQL), cardiometabolic risk factors,
respiratory exacerbations, and survival in patients with COPD.

Methods: Six databases were searched (inception-September 2021) for studies evaluating adult COPD patients using
thoracic or abdominal CT-muscle or adiposity body composition measures. The systematic review was conducted in
accordance with the PRISMA guidelines.

Results: Twenty eight articles were included with 15,431 COPD patients, across all GOLD stages with 77% males, age
range (mean/median 59-78 years), and BMI range 19.8-29.3 kg/m”. There was heterogeneity in assessment of muscle mass
and adiposity using thoracic (n = 22) and abdominal (n = 8) CT-scans, capturing different muscle groups, anatomic locations,
and adiposity compartments (visceral, subcutaneous, and epicardial). Low muscle mass and increased adiposity were
associated with increased COPD severity measures (lung function, exercise capacity, dyspnea) and lower HRQL, but were
not consistent across studies. Increased visceral adiposity (n = 6) was associated with cardiovascular disease or risk factors
(hypertension, hyperlipidemia, and diabetes). Low muscle CSA was prognostic of respiratory exacerbations or mortality in
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three of six studies, whereas the relationship with increased intermuscular adiposity and greater mortality was only

observed in one of three studies.

Conclusion: There was significant variability in CT-body composition measures. In several studies, low muscle mass was
associated with increased disease severity and lower HRQL, whereas adiposity with cardiovascular disease/risk factors.
Given the heterogeneity in body composition measures and clinical outcomes, the prognostic utility of CT-body com-

position in COPD requires further study.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the
fourth leading cause of morbidity and mortality worldwide.'
Chronic obstructive pulmonary disease is a multi-systemic
condition with several extrapulmonary manifestations, in-
cluding alterations in body composition (muscle mass and
adiposity) given underlying risk factors such as malnutri-
tion, respiratory exacerbations, and physical inactivity.”
Sarcopenia (low muscle mass and function), affecting one-
fifth of COPD patients, is associated with low physical
function, increased disease severity and adverse clinical
outcomes.’ Similarly, increased adiposity is associated with
increased cardiometabolic risk factors and morbidity in
COPD patients.®’

A number of modalities have been utilized to assess body
composition, including bio-electrical impedance (BIA),
dual X-ray absorptiometry (DXA), ultrasound, magnetic
resonance imaging and whole body computed tomography
(CT).® However, some of these body composition modal-
ities have practical limitations in the clinical setting due to
cost, timing and availability. It is for this reason that CT has
gained increased recognition in the COPD population,
specifically thoracic CT given its clinical application for
characterization of parenchymal disease or lung cancer
screening.” The use of CT for assessment of body com-
position has been described in a number of pulmonary
populations including idiopathic pulmonary fibrosis,'® lung
transplantation,'' and lung cancer.'?

The literature on body composition in COPD has
evolved in recent years, with studies reporting measures of
muscle mass and adiposity obtained from either thoracic or
abdominal CT scans.®”'* As a result, there has been sig-
nificant methodological variability in CT body composition
assessments. Skeletal muscles have been characterized
using single muscle (e.g. pectoralis muscle'* and erector
spinae'>'®) or multiple muscle groups.”'” Furthermore,
adipose tissue stores have included both thoracic and ab-
dominal subcutaneous and visceral compartments,

including mediastinal tissue.'*"'®'? Although, low muscle
mass and increased adiposity quantified using CT have
generally been associated with lower exercise capacity,
cardiometabolic risk factors, and lower survival in COPD
patients, there has been significant heterogeneity in the
strength of these associations across studies.®”"'*2° Thus, a
better understanding of CT body composition abnormalities
in COPD may have important implications on management
of cardiometabolic risk profile and prognosis.” There is
evidence that airflow obstruction is associated with meta-
bolic syndrome, specifically central obesity, through a
common process of systemic inflammation.?' Furthemore,
given the high prevalence of cardiovascular disease in in-
dividuals with COPD, identifying modifiable risk factors
such as obesity and increased adiposity may pose early
interventional targets for cardiovascular risk reduction.*?

Given the expanding literature in this area, we conducted
a systematic review to: (1) Describe CT-based methodology
used to assess body composition and (2) Identify the as-
sociation of CT-based body composition measures with
disease severity, health-related quality of life (HRQL),
cardiometabolic risk factors, and clinical outcomes, spe-
cifically respiratory exacerbations and survival.

Methods
Study design

This systematic review aimed to assess studies evaluating
the association of CT-based measures of body composition
(muscle mass and adiposity) with clinical characteristics and
outcomes in COPD patients. We conducted this review
following the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.”® Ethics approval was not sought
given this was a systematic review. The protocol was
registered with Open Science Framework on 26 October
2020 (https://osf.io/q7389).
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Search strategy

A systematic literature search was conducted by an expe-
rienced medical librarian (A. O-C) capturing the topic of CT
scans, skeletal muscle and adiposity in patients with COPD.
Databases searched include Ovid MEDLINE, MEDLINE
In-Process & Other Non-Indexed Citations, EMBASE,
Cochrane Database of Systematic Reviews, Cochrane
Central Register of Controlled Clinical Trials, CINAHL,
and PubMed for non-Medline records. The search dates
were from inception to 9 September 2021 (last update). For
full details on search strategies for all databases, see sup-
plementary appendix (Table 1S to 6S). Limits were applied
for human and adult populations. Books and conference
materials were excluded from EMBASE. Reference lists
from included articles were also reviewed to assess for any
additional relevant articles.

Eligibility criteria

We included full-text papers in English language of adult
participants (> 18 years of age) with a clinical diagnosis of
COPD. Studies had to have measures of either muscle or
adiposity evaluated with thoracic or abdominal CT scan and
at least one outcome measurement of interest described
below (data extraction and synthesis section). All study
types were included except for case series or reports.

Study selection

Two reviewers (CEO and DR) independently assessed all
abstracts of relevant articles. Articles of interest were then
retrieved for full-text evaluation if one of the two reviewers
deemed the abstract eligible. If there were disagreements
between the first two reviewers, a third reviewer was
consulted (JMN) until consensus was reached.

Data extraction and synthesis

Two reviewers (JMN and CEO, SN, BE or KC) conducted
the data abstraction following standardized criteria. The
following data were abstracted: demographic characteris-
tics, lung function, details on CT measures (anatomic lo-
cation, muscles and adiposity compartments, and number of
axial slices) as well as all terminology pertaining to ‘low
muscle mass’ in the respective studies, as these cut offs are
expected to change amongst studies. In addition, associa-
tions between CT body composition and clinical outcomes
were abstracted. Specifically, the outcomes of interest were
individual BODE index parameters (including body mass
index (BMI), severity of obstruction, dyspnea and exercise
capacity),” HRQL (multi-dimensional patient reported
measure capturing physical and/or psychosocial func-
tion),”> respiratory exacerbations (defined as acute

worsening of symptoms of cough, phlegm or shortness of
breath requiring antibiotics or corticosteroid management;
severe exacerbations defined as those requiring emergency
department visits or hospitalizations),?® all-cause survival,
and cardiometabolic risk factors (i.e. hypertension, dysli-
pidemia, diabetes). Cardiovascular disease (i.e. myocardial
infarction, stroke) was also captured given its known as-
sociations with body composition in COPD patients.*’-**
Based on our previous experience with CT body com-
position measures in lung transplant candidates with sig-
nificant heterogeneity in the methodology and cutoffs used
to evaluate CT body composition measures,'' it was de-
termined that a meta-analysis would not be feasible and was
not planned for the current review. Descriptive statistics and
ranges were used to describe the demographic and clinical
characteristics of COPD patients in the included studies.

Quality assessment

Quality assessment for included articles in this systematic
review were conducted using the National Heart, Lung, and
Blood Institute Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies.?’ Two reviewers (JMN
and CEO, SN, BE or KC) completed all quality appraisals,
with disagreements being resolved by a third reviewer (DR)
when necessary.

Results

Study selection and patient characteristics

A total of 11,892 abstracts were identified with 87 full-text
articles reviewed for eligibility, Figure 1. Of those, 28 ar-
ticles were included in the systemic review.®’-'3-20-30-47
Selected studies were published between March 2010 and
September 2021. A total of 15,431 individuals with COPD
were included in the review.

Chronic obstructive pulmonary disease patients in the
selected studies comprised of 77% males, with a mean or
median age range of 59-78 years old and BMI range of
19.8-29.3 kg/m?. Chronic obstructive pulmonary disease
patients had good representation across GOLD stages and
the most commonly described comorbidities were hyper-
tension, diabetes, obesity, hyperlipidemia, and cardiovas-
cular disease, as shown in Table 1. Patients in the majority of
studies were current or former smokers, Table 1. There was
international representation where the study was conducted:
North America (n = 9), Europe (n = 7), Asia (n = 10),
Australia (n = 1) and one-study was transcontinental.

Quality assessment of included studies

Most studies were prospective (n = 18, 64%) and 12 of these
were single-centered studies. The other 10 studies were


https://journals.sagepub.com/doi/suppl/10.1177_14799731221133387

Chronic Respiratory Disease

Records identified from:
) Databases (n = 11,892)
MEDLINE 1313; Epub Ahead Records removed before
= of Print and In-Process & screening:
o Other Non-Indexed Citations Duplicate records removed
E MEDLINE 455; EMBASE o (n = 1485)
b 7392; CDSR 199; Central 4 Records marked as ineligible
327; CINAHL 856; PubMed by automation tools (n =0)
(supplemental) 1350 Records removed for other
Registers (n=0) reasons (n =0)
!
—
Records screened Records excluded
(n=10,407) (n =10,320)
Reports sought for retrieval Reports not retrieved
2 (n=87) (n=0)
£
5 :
@
Reports assessed for eligibility N Full-text articles excluded, with reasons (n= 59)
(n=87) - Chronic Lung Disease but not COPD (n=22)
- Non-chronic Lung Disease Population (n=9)
- No Thoracic or Abdominal Computed Tomography
Cross-sectional Area Measures (n=13)
—
) y - Lung Transplant Population (n=15)
g Studies included in review
E (n=28)
—

Figure . PRISMA flow diagram for systematic reviews of databases and registers.”

retrospective or secondary analyses with three of the studies
being single-centered. Most studies were appraised as good
(n = 16, 57%) or fair (n=10, 36%) quality, and only two
studies (7%) were characterized as poor (Table S7).
Common strengths among the majority of studies included a
clear description of study objectives, eligibility criteria and
recruitment settings. However, four studies reported par-
ticipation rates of less than 50% of eligible
individuals.'****-° Additional limitations that were
common across studies included a lack of sample size
justification (n = 24, 86%) and inconsistent masking (either
not described or unable to determine (n = 17, 61%). Fur-
thermore, five studies (18%) had a loss of follow up greater
than 20% 7!****¢ and four other studies failed to adjust for
possible confounding. >34

Methodological evaluation of skeletal muscle mass
and adiposity

Skeletal muscle cross-sectional area (CSA) assessed with
CT image analysis was evaluated in 22 studies (79% of
included studies), with most using thoracic CT scans (n =
19). Of these studies, the most common muscle groups

3

assessed were the paraspinal muscles (n = 13), pectoral
muscles (n = 11), psoas/abdominal muscles (n = 7), and
intercostals (n = 4), Table 2. A single CT CSA axial slice at
each landmark was applied in the majority of studies, with
four studies using multiple slices to assess muscle CSA;
three studies assessed muscle measures using coronal CT
slices. There was significant heterogeneity in the skeletal
landmark and radiodensity (Hounsfield Unit) utilized for
skeletal muscle. The reliability (inter or intra-observer
agreement) for muscle CSA was very good to excellent
in 11 of 22 studies that reported this measure, Table 2.

Adipose tissue was assessed in 14 studies (50%) with
subcutaneous adiposity captured in the majority of studies
(n = 11), whereas visceral (n = 6), mediastinal/epicardial (n
= 3) and intermuscular (n = 4) were less commonly eval-
uated, as shown in Table 2. Thoracic adipose tissue (n = 9/
14) was commonly evaluated at locations such as the aortic
arch, bifurcation of the pulmonary artery or specific thoracic
locations (i.e. first rib; third-eighth intercostal spaces) with a
single cross-sectional slice, with the exception of two
studies that had captured multiple slices. ***° For the ab-
dominal imaging, there was variability in the vertebral
lumbar area described ranging from L1 to L5, but one slice
was utilized.
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Relationships of muscle and adipose CT
measurements with BODE index

Associations of skeletal muscle CSA or adiposity with
individual BODE index measures (BMI, airway obstruc-
tion, dyspnea or exercise capacity) were described in 14
studies (50% of all studies),®”'*!71%33-3637 45 shown in
Table 3 and Table 8S. Muscle CSA had a low-moderate
association with exercise capacity in four out of seven
studies,*'” **¢ and its relationship with degree of airway
obstruction was also mixed (not significant in four of seven
studies).®”***” There was a low-moderate correlation or
association between BMI and muscle CSA'*#4%41:4447 and
both visceral and subcutaneous adiposity measures across
five studies.'®'®!%33-¢ Associations of adiposity with
degree of airway obstruction, dyspnea, and 6MWD were

mixed across the six-studies, as shown in Table 3 and Table
gS 6.7:17.19.36,37

Relationships of muscle and adipose CT
measurements with quality of life

Health-related quality of life and their relationship with
muscle CSA or adiposity measures were assessed in three
studies (11% of all studies).®'®*> McDonald et al. observed
an inverse association between pectoralis muscle area and
the total score on the St. George’s Respiratory Question-
naire (SGRQ) [B = —0.44 95% CI (—0.64 to —0.24) per
1 ecm® in pectoralis muscle CSA; p < .001], signifying
improved HRQL.* Similarly, Tanimura et al. observed a
weak correlation between SGRQ and erector spinae muscles
(r=— 0.35, p < .0001)."® Only one study described the
association between HRQL and adiposity measures, with
increased visceral adiposity associated with more favorable
SGRQ scores (< 25 points, p = .049).°

Relationship of muscle and adipose CT
measurements with cardiometabolic risk factors

The relationship between muscle CSA and metabolic risk
factors was evaluated in two (7%) studies. Coats et al.
observed that increased muscle attenuation (greater muscle
density) was associated with a decreased presence of cor-
onary artery disease (CAD) at study enrollment [OR =.759
95% CI (0.662—.869), p < .001].” Similarly, Martin and
colleagues depicted that increased muscle attenuation was
associated with a lower proportion of COPD patients with
CAD.’

Metabolic risk factors, such as diabetes, hypertension,
and hypercholesterolemia or presence of cardiovascular
disease were assessed in six studies across different ana-
tomical adipose locations, as shown in Table 4 and Table 9S.
Visceral adiposity CSA was positively associated with

metabolic risk factors, including hypertension and diabe-
tes.” Diaz et al. demonstrated that for those in the upper
tertile of visceral adiposity tissue, the odds ratio for previous
self-reported physician diagnosed myocardial infarction
was 1.86 (95% CI (1.02-3.41, p = .04) at the time of
baseline assessment.'® Gaisl et al. revealed that there was an
increased number of cardiovascular disease risk factors with
greater epicardial adipose tissue.*

Associations of muscle and adipose CT
measurements with clinical outcomes

Respiratory exacerbations. The association between muscle
CSA and respiratory exacerbations was evaluated in six
(21%) studies.'®>>38404047 Martinez et al. observed that
CT measures of pectoralis muscle area (per 1 standard
deviation) were associated with a 60% lower incidence of
reported respiratory exacerbations in the year prior to CT
body composition assessments, independent of demo-
graphics, lung function, and smoking history.>* Guerri et al.
demonstrated that COPD patients with multiple exacerba-
tions (> 4 in the previous year) had a lower intercostal
muscle CSA than those with fewer exacerbations,*® Table 4
and Table 9S. Ezponda et al. demonstrated a weak inverse
correlation between psoas muscle density and number of
COPD exacerbations in the previous 1-year prior to study
enrollment.*® Similarly, another study illustrated the fre-
quency of respiratory exacerbations per year over 3 and 5
years, in two separate cohorts prospectively assessed, which
was associated with loss of pectoralis CSA.*® However, in
two studies the association between reduced erector spinae
muscles CSA (r= —0.10)'® or pectoralis/erector spinae
muscles were not significant based on number of exacer-
bations within 1-year of enrollment in both studies.*’
Furthermore, Martin et al. did not observe an association
between visceral adiposity tissue and rate of moderate to
severe respiratory exacerbations over a 3-year period.®

Survival

The association between CT muscle CSA or adiposity and
survival measures was evaluated in eight studies
(29%).6:13:16:20:43:4547 N Donald et al. demonstrated that a
low fat free mass index derived from CT pectoral muscle
area was associated with a 1.6 fold increase in mortality (p <
.001) in 3121 COPD patients, adjusted for age, sex, race,
smoking history, GOLD stage, and comorbidities
(COPDGene cohort with a median follow-up of 6.25
years).”? Similarly, Tanimura et al. observed that erector
spinae muscles CSA (cm?) was the strongest independent
predictor of all cause mortality [HR 0.85 95% CI (.79-.92),
p <.0001] over a median follow-up of 2542 days, along with
modified Medical Research Council dyspnea, whereas age,
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Table 3. Associations of muscle and adiposity with BODE index measurements in participants with chronic
obstructive pulmonary disease.

Author

(Year) Measure BMI Obstruction Dyspnea 6MWD
Prospective cohort study. m
Pectoralis muscle (PM) and PM and ESM: mMRC PM and ESM:
Attaway Erector Spinae Muscle (ESM) CSA o PM and ESM:
(2021) (cm?) were evaluated with CT scan ESM: é @
at baseline. Follow-up ¥
(median, 23.6 months).
Retrospective cohort study. .
Ezponda Psoas Density (PsD) was PsD: W PsD:
(2021) evaluated with CT scan (cm?) at e o NR o
b li Follow-up (median,
76.5 hs)
o i mMRC ESM (baseline):
ESM and PM (baseline): Flfsv,\j' f"ba;‘zﬂfs:d ® ESM and PM (baseline): )
Retrospective cohort study. PM (baseline): o @ ¢
Higashimoto Pectora_lis muscle (PM) and ESM arid P | PM (baseline):
(2021) Erector Spinae Muscle (ESM) CSA an (-annua FVC% predicted ESM (annual change): @
(cm?) were evaluated with CT scan change): ESM and PM (annual change):
at ine and annual foll p. ® PM (annual change): ESM and PM
@ (annual change):
Two multicenter, longitudinal, ch in PMA (both M%(A(:OF"J&L
observational, cohort studies. ange in 0 : N
M Pectoralis muscle area (PMA) CSA cohorts): O Change in PMA
ason 2 A (both cohorts):
(2021) (cm )wa§ evaluated with CT scan GOLD 2-4 fhoth coh NR
at baseline, 12- and 36 months o GOLD 2-4 (both cohorts)
(ECLIPSE) and baseline and 5 PMA: @
years (COPDGene).
Prospective cross-sectional study.
. Pectoralis Muscles PMA), rectus | PMA, RAMA and ESMA: mMRC PMA, RAMA and
Shirahata | apdominis muscles (RAMA/D) (and o NR PMA, RAM}tf)nd ESMA: ESMA:
(2021) erector spinae muscles (ESMA/D)
were evaluated with CT scan
Posthoc analysis of a randomized
Sanders controlled trial. Intramuscular Fat IMF/Muscle CSA:
(2019) (IMF) and Muscle CSA (cm®) were NR NR NR
evaluated with CT scan at
baseline.
Secondary analysis of longitudinal W
cohort study from two study T
centers. Visceral Adipose Tissue J )
Coats (VAT), Subcutaneous Adipose .
(2018) | Tissue (SCAT), Muscle CSA (cm?) NR W NR NR
and Muscle Mean Attenuation (HU) ! X :
were evaluated with CT scan at Muscle HU:
baseline. N .
Secondary analysis of the " . .
ECLIPSE study. Visceral Adipose wﬂ 3'yea(,f¥‘.’w'“p :
Martin Tissue (VAT) and Muscle NR X . NR X :
(2017) Attenuation (MT) CSAs (cm?) were MT CSA: MT CSA:
evaluated with CT scan at v . v |
baseline, 12- and 36 months.
FEV1% predicted:
Higami Prospective cross-sectional study. EAT: EAT:
(2016) Epicardial Ad|p0§e Tissue (EAT) o EVC% predicted and O NR
evaluated with CT scan. FEVA/EVC%::
Secondary analysis of the
COPDGene study. Visceral .
Diaz Adipose Tissue (VAT) and VAT and SAT: NR NR R
(2015) Subcutaneous Adipose Tissue o
(SAT) CSAs (cm?) were evaluated
with CT scan at baseline.
Gaisi Prospective cohort study with EAT and TAT, baseline:
(2015) Epicardial Adipose Tissue (EAT) NR NR NR
and Thoracic Adipose Tissue
(TAT) evaluated with CT scan at
baseline.
Secondary analysis of the
ECLIPSE study. Subcutaneous
Diaz adipose tissue (SAT) and SAT and PMA: NR NR NR
(2014) Pectoralis Muscle Area (PMA)
evaluated with CT scan at °
Prospective cross-sectional study. EAT: FEV1% predicted: mMRC EAT:
Zagaceta Epicardial Adipose Tissue (EAT) ) EAT:
(2013) evaluated with CT scan. o ° o °
Prospective cross-sectional study. GOLD Stage Severity MMRC
Furutate Visceral Fat Area (VFA) and NR VFA and SFA: VFA: VFA:
(2011) Subcutaneous fat area (SFA) were o X
evaluated with CT scan.

+: association data not shown, significant (p <.05); X: association data not shown, not significant (p > .05); ©: positive association
(p < .05); @: positive association (p > .05);@: negative association (p < .05); ©: negative association (p > .05).

Abbreviations BMI = body mass index; BODE = body-mass index, airflow obstruction, dyspnea, and exercise; CSA = cross-
sectional area; CT = computed tomography; FEVI = forced expiratory volume in first second; FVC = forced vital capacity;
GOLD = the global initiative for chronic obstructive lung disease; mMMRC = modified medical research council; NR = not
reported; NS = no significance; 6MWT/D = six meter walk test/distance.
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Table 4. Associations of muscle and adiposity measures with cardiovascular risk factors and clinical
outcomes in participants with chronic obstructive pulmonary disease.

baseline. Follow-up (median, 9.4
years).

?¢;:3’ Measure Metabolic Risks CcvD Exzzler:::tiaoris Mortality
Prospective cohort study. Pectoralis PM: PM (follow-up):
Attaway muscle (PM) anzd Erector Spinae M_uscle @
(2021) (ESM) CSA (cm®) were evaluated with CT NR NR
scan at baseline. Follow-up (median, ESM: ESM (follow-up):
23.6 months).
Retrospective Cohort Study. Psoas PsD: PSD and ESM:
Ezponda Density (PsD) and Psoas Index (Psl) NR NR
(2021) were evaluated with CT scan at baseline. o Psl:
Follow-up (median, 76.5 months) O
Two multicenter, longitudinal, Eclipse and
observational, cohort studies. Pectoralis COPDGene
Mason muscle area (PMA) CSA (cm?) was NR NR (annual rate) NR
(2021) evaluated with CT scan at baseline, 12- PMA:
and 36 months (ECLIPSE) and °
baseline and 5 years (COPDGene).
Secondary analysis of the MESArthritis Sal:
longitudinal cohort. Subcutaneous °
. adipose tissue (SAT), Intermuscular PM:
Pishgar adipose tissue (IMAT), and Pectoralis NR NR NR
(2021) muscle (PM) index were evaluated with @
CT scan at baseline (2010-2012) with IMAT:
follow-up until end of 2017.
Retrospective, case-control study. Muscle In-Hospital Mortality
within T122 spine and ribs area (T12DM) and Long-Term
CSA (cm®) were evaluated with CT scan Survival
Zhi (2019) al(bas:aline. Follow-up (median NR NR NR Muscle CSA:
survival of high T12DM 214 days vs. o
low T12DM 32 days).
Secondary analysis of longitudinal cohort UK‘IIY Coronary Artery
study from two study centers. Visceral ° Disease
Adipose Tissue (VAT), Subcutaneous Muscle HU:
Coats (2018) | agipose Tissue (SCAT), Muscle CSA Dhbtes usdle HU NR NR
(cm?) and Muscle Mean Attenuation (HU) VAT CA'i': °
were evaluated with CT scan at baseline.
Secondary analysis of the ECLIPSE Diabetes, Cardiovascular
study. Visceral Adipose Tissue (VAT) and baseline: Comorbidities, VATandMT |\ 0o _
Martin (2017) | Muscle Attenuation (MT) CSAs (cm?) VAT: baseline (3-years): and V7 (B-years):
were evaluated with CT scan at baseline, o MT: X
12- and 36 months.
Cross-sectional analysis of baseline data .
Martinez from the COPDGene study. Pectoralis NR NR PMA, at baseline: NR
(2017) Muscle Area (PMA) CSA (cm?) was X
evaluated with CT scan at baseline
ECLIPSE (training set) and COPDGene "
McDonald cohort studies lzjsed. Fat Free Mass Index AI:;E:‘L::se
017) (FFMI) (kg.m?) was evaluated with CT NR NR NR
scans at baseline; Follow-up (median,
6.25 years COPDGene).
Higami P}rosp_ec(ive_cross-gedional study.
(2016) Epicardial Adipose Tissue (EAT) was NR EAT: NR NR
evaluated with CT scan.
Prospective observational study of COPD ESM (within 2 AIC
outpatients. Erector Spinae Muscle years after ESM asg?M'
Tanimura (ESM) and pectoralis muscles (PM) CSA NR NR enroliment): .
(2016) (cm*®) were evaluated with CT scan at °
baseline. Follow-up (median, 2,541.5 O
days).
Secondary analysis of the COPDGene "
study consisting of smokers with COPD. Af[{gi:g.g’jl
. Visceral Adipose Tissue (VAT) and 3
Diaz (2015) Subcutaneous Adipose Tissue (SAT) NR VAT: NR NR
CSAs (cm2) were evaluated with CT scan °
at baseline.
CVD Risk Factors
Prospective Cohort Study. EAT, baseline:
Epicardial Adipose Tissue (EAT) and v
Gaisi (2015) Thoracic Adipose Tissue (TAT) were NR CVD Event NR NR
evaluated with CT scan at baseline. EAT/TAT, baseline:
Follow-up (median, 42.6 months).
HTN
EAT:
Zagaceta Prospective cross-sectional study. o
(2013) Epicardial Adipose Tissue (EAT) was Diabetes, NR NR NR
evaluated with CT scan. cholesterol
EAT:
Observational study of those with
obstructive lung disease, propensity All-Cause
van den matched to controls. Visceral fat area VFA
Borst (2012) (VFA) was evaluated with CT scan at NR NR NR @

+: association data not shown, significant (p < .05); X: association data not shown, not significant (b > .05); ©: positive
association (p < .05); @: positive association (p > .05); ©: negative association (p < .05); ©: negative association (p > .05).
*Pulmonary Exacerbations Defined: Attaway (2021): > 2 more exacerbation in prior year or > | hospital admission;
Ezponda (2021): exacerbations in the |-year prior to study enrollment; Mason (2021): Increase in respiratory
symptoms needing antibiotics or systemic corticosteroids with severe event defined as emergency department visit or
hospitalization. Martin (2017): moderate exacerbation requiring antibiotics or systemic corticosteroids, whereas
severe exacerbation needing hospitalization. Martinez (2017): increased cough, phlegm or dyspnea > 48 h managed
with antibiotics or systemic steroids in the year prior. Higami (2016): Moderate to severe exacerbations after 2-years
of enrollment.
Abbreviations: BMI = body mass index; CSA = cross-sectional area; CT = computed tomography; CVD = car-
diovascular disease; GOLD = global initiative for chronic obstructive lung disease; HTN = hypertension; HU =
hounsfield unit; MD = mean difference; MT = muscle tissue; NR = not reported.
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BMI, forced expiratory volume in 1 s (FEV1), and pectoral
muscle area were not significant.'® Attaway et al. demon-
strated that higher pectoralis muscle CSA was associated with
survival, but not erector spinae muscles over a median follow-
up of 23.6 months.*’ Similarly, Zhi,*> Pishgar,”> and Ez-
ponda,*® demonstrated associations between muscle CSA and
survival, as shown in Table 4 and 9S. Similarly, Pishgar et al.
had shown that higher intermuscular adiposity was associated
with increased mortality.** van den Borst et al. demonstrated
that abdominal visceral fat was associated with increased
plasma interleukin-6 levels, a marker of increased mortality,
but visceral fat was not directly associated with all cause-
mortality in this cohort of COPD patients.'* Martin et al. did
not observe an association between CT body composition
measures and mortality in a cohort of 511 COPD patients.’

Discussion

This systematic review illustrates the clinical utility of CT
muscle mass and adiposity measures in COPD patients. The
majority of studies utilized thoracic CT measurements,
whereas abdominal CT measures were applied less fre-
quently. Despite variability in CT body composition mea-
sures, low muscle mass and increased adiposity were
associated with lower FEV1%, exercise capacity, and in-
creased dyspnea in several studies. Increased visceral and
subcutaneous adiposity were associated with cardiovascular
risk factors or disease in six studies. However, there was
significant heterogeneity in the associations between body
composition and clinical outcomes, such as COPD exacer-
bations and all-cause mortality, thus the prognostic utility of
body composition measures requires further investigation.

Variability in the assessment of CT-based muscle and
adiposity measures

In the present review, there was significant variability in the
thoracic or abdominal landmarks utilized, muscles or adi-
posity tissues assessed. The majority of studies in COPD
patients utilized thoracic CT scans (n = 22, 79%). Thoracic
CT is clinically performed in COPD patients for assessment
for pulmonary emboli, emphysema phenotyping, lung
volume reduction surgery, and lung cancer screening,”’ thus
are readily available clinically for evaluation of body
composition. Abdominal CT scans were often performed for
research purposes and focused on the psoas, abdominal
muscles or adipose tissue measures. To date, normative
values for low muscle mass or abnormal adiposity CT
measures have not been defined in COPD patients; however,
these CT morphometric measures have been shown to have
strong associations with more traditional measures of body
composition such as BIA or DXA in COPD patients.?’->*!
Given the heterogeneity in CT body composition measures,

automated segmentation techniques may facilitate the de-
velopment of normative values with thoracic and abdominal
CT measures,*® but prognostic utility of these cut-off values
will need to be verified.

Relationship of body composition with BODE
index measures

The associations of CT muscle mass and adiposity measures
were commonly evaluated with individual BODE index
parameters, which has been shown to predict mortality in
COPD.** Low muscle mass and increased adiposity were
generally associated with increased airway obstruction,
lower 6MWD, increased dyspnea severity, and low or in-
creased BMI, respectively. The BODE index is multifac-
torial and observed to be associated with biomarkers of
inflammation (TNF-alpha and leptin levels),*’ physical
inactivity,”® malnutrition, hypoxemia, and smoking,”'
known risk factors for disease progression. Furthermore,
BODE index has been shown to be responsive to pulmonary
rehabilitation with greater than 70% of 83 COPD partici-
pants demonstrating > 1 point BODE index change, spe-
cifically in the indices of lung function, dyspnea, and
exercise capacity, but no change in BMIL>* Thus, CT
morphometric measures of body composition may provide
additional insight into body composition changes that may
not necessarily be captured with BMI.

In this review, CT muscle CSA was shown to be a more
informative measure of disease severity than BMI in some
studies.?®* Furthermore, both visceral and subcutaneous
compartments with CT had moderate correlations or as-
sociations with BML'*!%1933:36 This is an important
consideration given the increasing prevalence of obesity in
COPD patients, >>* which may underestimate low muscle
mass in the setting of preserved BMI and increased adi-
posity. Chronic obstructive pulmonary disease patients with
sarcopenic  obesity, which is prevalent in this
population,®’* are more likely to have lower 6MWD and
higher systemic inflammatory burden compared to other
body composition phenotypes, independent of age, sex,
FEV1% and smoking history.”> Thus, CT morphometric
analysis may allow identification of clinically important
body composition phenotypes in COPD,* which may help
with further risk stratification.

Relationship of muscle mass and adiposity with
clinical outcomes

Low muscle mass was associated with adverse clinical
outcomes such as respiratory exacerbations’*”® and in-
creased mortality'®* in the majority of studies evaluating
this outcome. As in other populations, muscle mass rep-

resents an element of physiologic reserve which may help



Nicholson et al.

I5

combat respiratory exacerbations and infections, which are
key contributors to morbidity and mortality in
COPD.?*%%7 One of the known contributors to low muscle
mass is systemic inflammation and those with increased
fibrinogen or IL-6 levels were shown to have increased
mortality."**”® Furthermore, low muscle mass is a phe-
notypic criteria of malnutrition based on international
consensus”’ and has been shown to be associated with poor
prognostic markers in COPD such as cachexia, muscle
weakness®® and lower physical activity levels.”” Thus,
quantification of muscle mass may help identify patients
who may benefit from additional nutritional counselling and
exercise training.®' It may also serve as a complementary
measure of respiratory muscle evaluation, especially in
those with frequent exacerbations.”®

Chronic obstructive pulmonary disease patients have
been shown to have greater visceral adiposity than healthy
controls and increased cardiometabolic risk factors.®'?
Adipose tissue is known to be metabolically active with
liberation of inflammatory mediators such as interleukin-6,
tumor necrosis factor alpha, leptin, and adiponectin, which
may have effects locally and systemically, and in turn in-
crease risk for cardiometabolic risk factors in COPD. In the
present review, visceral adiposity was associated with in-
creased prevalence of diabetes and cardiovascular co-
morbidities, such as ischemic heart disease, congestive heart
failure and cerebrovascular disease.® Visceral adiposity has
been demonstrated to be a more metabolically active tissue
compared to subcutaneous tissue on abdominal CT
scans.”* However, a unique adiposity tissue compartment
is epicardial tissue evaluated in three studies,'****® which is
considered a visceral fat depot associated with coronary
artery disease and cardiometabolic risk factors. Epicardial
tissue is a unique CT morphometric measure as its ana-
tomically intertwined with the myocardium and coronary
arteries, and in fact shown to have a stronger association
with cardiovascular risk factors compared to abdominal
visceral adiposity in non obese patients.®>** Furthermore,
epicardial tissue is readily available from clinical thoracic
CT scans and may potentially be utilized as a clinical risk
factor for cardiovascular comorbidities, along with other
known risk factors such as diet, physical inactivity, and
corticosteroid use.®>%¢

Clinical implications of CT-body composition analysis

The present review highlights the clinical implications of
CT morphometric analysis in the COPD population, which
has become more readily available given establishment of
lung cancer screening protocols.’” However, the optimal
muscle or analytic technique for CT morphometric inter-
pretation remains unclear. As the case with other traditional
body composition measures (BIA and DXA),°® CT
morphometric analysis has been shown to have stronger

correlations with clinical outcomes than BMI. Mason et al.
demonstrated that the change in CT skeletal muscle CSA to
be 10-fold greater when compared to change in BML*’
Consideration of CT skeletal muscle CSA or other tradi-
tional body composition measures may allow earlier re-
habilitation and nutritional intervention opportunities rather
than focusing on BMI or weight loss changes.®’" How-
ever, even though CT morphometric analysis holds future
promise as a prognostic marker that may help inform timing
of transplantation, respiratory exacerbation risk, and sur-
vival in COPD, CT-body composition is not ready for
clinical application at the present time. Methodological
considerations that need to be addressed include develop-
ment of normative reference values for muscle mass and
adiposity, standardization of measurement techniques, and
availability of automated methods for CT-body composition
assessments in clinical settings. Nevertheless, the present
review highlights the clinical implications of striving for
routine CT-body composition assessment in COPD as it
could allow assessment of body composition in large co-
horts of patients.

Limitations

There are several limitations of this systematic review.
Given the known significant variability in CT body com-
position measures in lung transplant candidates,'' a qual-
itative systematic review without a meta-analysis was
undertaken in COPD patients. Secondly, there was het-
erogeneity in GOLD stage, comorbidities, and smoking
history in over 15,000 COPD patients, which may in part
explain some of the differences in body composition
measures across studies. Furthermore, mechanisms of
muscle atrophy and adiposity accumulation were not
evaluated in the present review, neither were physical ac-
tivity levels, nutrition, insulin resistance, or corticosteroid
use, which are often associated with cardiometabolic risk
factors.”' Finally, with the exception of one study by
Martinez et al.,*” the peripheral measures of muscle size or
strength were not reported, which are known to have im-
portant prognostic implications in COPD.”*"*

Conclusion

CT-body composition has been commonly applied in the
COPD literature. There was significant variability in CT
measures of body composition. In several studies, low
muscle mass was associated with disease severity, worse
HRQL, and lower exercise capacity, whereas CT measures
of adiposity were associated with cardiovascular disease or
risk factors. However, the prognostic implications of CT-
body composition measures on respiratory exacerbations
and survival remains unclear given the significant hetero-
geneity in outcomes across studies. The present findings
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highlight the potential role for CT body composition as-
sessments clinically as complementary markers of body
composition, and potentially prognostic markers in the
future. However, despite routine clinical availability of CT
scans in the COPD population, there are a number of
methodological considerations that will need to be under-
taken before consideration of clinical application, including
development of normative reference values and standard-
ization and automatization of CT-body composition mea-
surement techniques.
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