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Fig. 7.—Continuum of care for chronic obstructive pulmonary disease
(COPD). FEV1: forced expiratory volume in one second.
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valutazione combinata della gravita delia BPCO
(modificare Gold 2013}
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MNel valutare il rischio, I paziente rientra guindi in urna di
tenere in considerazione | queste 4 categorie:

il valore piu alto fra
gravita della ostruzione A Sintomi lievi, basso rischio
bronchiale e storia i B: Sintomi grawvi, basso rischio
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D Sintomi gravi, alto rischio
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TABLE 1. PATHOPHYSIOLOGIC ABNORMALITIES IN CHRONIC RESPIRATORY DISEASE AND POSSIBLE MECHANISMS
IMPROVEMENT AFTER EXERCISE TRAINING

Pathophysiologic Abnormality

Body composition

Lower limb muscle fiber type, size

Capillarization

Muscle metabolic capacity

Metabolism at rest/after exercise

Inflammatory state

Redox state

| Lower limb muscle cross-sectional area 35
| Fat-free mass and
| fat mass | % Fat-
free mass and =/] fat mass

1 % Fiber type | and myosin heavy chain 40, 158, 362-367
(advanced disease)
1 % Fiber type lIX
| Fiber cross-sectional area linked to
muscle atrophy

| Capillary contacts to fiber cross-
sectional area, especially in patients
developing fatigue during exercise

| Capacity of oxidative enzymes: citrate
synthase, 3-hydroxyacyl-CoA
dehydrogenase, succimic acid
dehydrogenase, cytochrome C
oxidase | Cytochrome-c oxidase
activity in hypoxemic patients

Rest: | intracellular pH, | [PCr] and [ATP],
1 lactate and inosine monophosphate;
| glycogen stores in hypoxemic patients;
| glycogen stores related to physical
activity level; | uncoupling protein-3
content Exercise: rapid decline in
muscle intracellular pH,
phosphocreatine/inorganic phosphate
[PCr/Pi] even in patients with relatively
preserved submaximal oxygen delivery

I Inflammatory/apoptotic markers may
occur in skeletal muscle in
subpopulations of wasted COPD

Glutathione levels normal to moderately
reduced | Oxidative stress in the
skeletal muscle of COPD patients after
quadriceps exercise

42, 61, 68, 370-373

374, 375

363, 376-378

References

Changes with Exercise Training

References

1 With resistance training 1 Fat-
free mass and fat mass with
rehabilitation and nutritional
supplementation 1 Fat-free
mass and | fat mass with
rehabilitation (resistance +
endurance combined
Enhanced 1 fat-free mass
with testosterone (1) and
anabolic steroids

= Fiber-type proportion 1 Fiber
cross-sectional area

1 Capillary contacts
proportional to increase in
fiber cross-sectional area

1 Capacity of oxidative
enzymes after endurance
training

| Lactic acidemia at iso work
rate Normalization of
decline in intracellular pH
and PCr/Pi. Faster PCr-
recovery.

No effect shown or not studied

1 Oxidized gluthatione in
contrast to observations in
healthy subjects. Partially
reversed by antioxidant
therapy (N-acetyl cysteine)

gais - ligdd e

360, 194, 361




An Official American Thoracic Society/European Respiratory Society
Statement: Update on Limb Muscle Dysfunction in Chronic Obstructive

Pulmonary Disease

Frangois Maltais, Marc Decramer, Richard Casaburi, Esther Barreiro, Yan Burelle, Richard Debigaré,

P. N. Richard Dekhuijzen, Frits Franssen, Ghislaine Gayan-Ramirez, Joaquim Gea, Harry R. Gosker, Rik Gosselink,
Maurice Hayot, Sabah N. A. Hussain, Wim Janssens, Micheal i. Polkey, Josep Roca, Didier Saey, Annemie

M. W. J. Schols, Martijn A. Spruit, Michael Steiner, Tanja Taivassalo, Thierry Troosters, loannis Vogiatzis, and
Peter D. Wagner; on behalf of the ATS/ERS Ad Hoc Committee on Limb Muscle Dysfunction in COPD

THIS OFFICIAL STATEMENT OF THE AMERICAN THORACIC SoGIETY (ATS) AND THE Eurorean ResriraTory SocieTy (ERS) was approveD By THE ATS BoaRD OF
DirecTors, Novemeer 2013, anp By THE ERS Execunve CommirTeg, SepTemeer 2013

Background: Limb muscle dysfunction is prevalent in chronic
obstructive pulmonary disease (COPD) and it has important clinical
implications, such as reduced exercise tolerance, quality of life,

and even survival. Since the previous American Thoracic Society/
European Respiratory Society (ATS/ERS) statement on limb
muscle dysfunction, important progress has been made on the
characterization of this problem and on our understanding of its
pathophysiology and clinical implications.

Purpose: The purpose of this document is to update the 1999
ATS/ERS statement on limb muscle dysfunction in COPD.

Methods: An interdisciplinary committee of experts from the ATS
and ERS Pulmonary Rehabilitation and Clinical Problems assemblies
determined that the scope of this document should be limited to

limb muscles. Committee members conducted focused reviews of the
literature on several topics. A librarian also performed a literature search.
An ATS methodologist provided advice to the committee, ensuring that
the methodological approach was consistent with ATS standards.

Results: We identified important advances in our understanding
of the extent and nature of the structural alterations in limb muscles
in patients with COPD. Since the last update, landmark studies
were published on the mechanisms of development of limb muscle
dysfunction in COPD and on the treatment of this condition. We
now have a better understanding of the clinical implications of limb
muscle dysfunction. Although exercise training is the most potent
intervention to address this condition, other therapies, such as
neuromuscular electrical stimulation, are emerging. Assessment of
limb muscle function can identify patients who are at increased risk
of poor clinical outcomes, such as exercise intolerance and premature
mortality.

Conclusions: Limb muscle dysfunction is a key systemic
consequence of COPD. However, there are still important gaps in our
knowledge about the mechanisms of development of this problem.
Strategies for early detection and specific treatments for this
condition are also needed.
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Figure 2. Morphological and structural alterations reported in limb muscles in patients with chronic obstructive pulmonary disease (COPD). CS = citrate
synthase; HADH = 3-hydroxyacyl CoA dehydrogenase.




Table 1: Etiologies of Limb Muscle Atrophy, Weakness, and Susceptibility to Fatigue

Factors leading to muscle atrophy and
weakness

Disuse

Inflammation

Oxidative stress

Hypercapnia

Low levels of anabolic hormones and growth
factors
Impaired energy balance

Corticosteroids

Vitamin D deficiency

Factors

Central fatigue—afferent feedback from limb
muscles

Reduced O, delivery (impaired cardiac output,

blood flow competition between the
respiratory and limb muscle, reduced
capillarity)

Muscle metabolic alteration (reduced oxidative

enzyme activity, reduced mitochondrial

ding to muscle susceptibility to fatigue

Mechanisms Involved

Associated with weakness, atrophy,
changes in fiber type distribution,
and metabolic alterations
(303-306, 310)

Triggering of the muscle proteolysis
cascade (102, 116, 322, 325)

Triggering of the muscle proteolysis
cascade (336, 339, 340)

Associated with reduced muscle
endurance (222, 227, 229)

Protein carbonylation possibly
involved in exercise intolerance
and weakness (201)

Decreased muscle protein synthesis

Activation of muscle degradation
through hypoxia-inducible factor/
von Hippel-Lindau signaling
cascade (347-350)

Intracellular acidosis/alterations in
contractile protein synthesis/
degradation (105, 362)

Associated with reduced muscle
protein synthesis (371, 372)

Associated with reduced muscle
protein synthesis (381, 383)

Reduced muscle protein synthesis
and enhanced proteolysis through
increased myostatin levels and
reduced insulin-like growth
factor-1 levels (385)

Associated with muscle weakness,
type Il atrophy impaired calcium
metabolism (392, 400, 405)

Reduced motor output to the
contracting muscles (295)

Changes in muscle metabolism in
favor of glycolysis; accumulation
of muscle metabolites associated
with muscle fatigue

Preferential use of glycolysis and
accumulation of muscle
metabolites associated with
muscle fatigue (179, 180, 190,
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Figure 1. A spectrum of support for
chronic obstructive pulmonary dis-
ease. Reprinted by permission from
Reference 3.
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Pulmonary rehabilitation for chronic obstructive pulmonary
disease (Review)
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Physical activity in patients with COPD

H. Watz*, B. Waschki*, T. Meyer” and H. Magnussen*

Steps per day
Time >3 METs min
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PHYSICAL ACTIVITY IN PATIENTS WITH COPD

_j

W 2 34 510 0 1 2 3
GOLD stage BODE score MMRC score

FIGURE 5. Percentage of patients who were active (physical actity level =1.70; ), predomi y (physical activity level 1.40-1.69; ) or very inactive
{phwcalmlvw<1wﬂ}mmwdﬁmlmmmmmc0bmmumﬂm{mm b) BODE (body mass index, airway cbstruction,
dyspnoea, exercise capacity) score and ¢} the modified Medical Research Councl (MMRAC) dyspnoea scale. CB: chvonic bronchitis.




| R p— R p— R p— R p— T YT Ty

An official European Respiratory Society
statement on physical activity in COPD

Henrik Watz', Fabio Pitta, Carolyn L. Rochester, Judith Garcia-Aymerich,
Richard ZuWallack, Thierry Troosters, Anouk W. Vaes, Milo A. Puhan,

Melissa Jehn, Michael |. Polkey, loannis Vogiatzis, Enrico M. Clini, Michael Toth,
Elena Gimeno-Santos, Benjamin Waschki, Cristobal Esteban, Maurice Hayot,
Richard Casaburi, Janos Porszasz, Edward McAuley, Sally J. Singh,

Daniel Langer, Emiel F.M. Wouters, Helgo Magnussen and Martijn A. Spruit’

Affiliations: For a full List of the authors’ affiliations please refer to the Acl day Task Fi hairs.

Correspondence: Henrik Walz, Pulmonary Researeh Instilute al LungenClinic Grosshansdorf, Woehrendamm
80, D-22927 Grosshansdorf, Germany. E-mail: h.watzBpulmoresearch.de

This European Respiratory Society (ERS) provides a prehensive overview on
p-hyncal activity in patients with chronic obstructive pulmonary disease (COPD). A multidisciplinary Task
Force of experts representing the ERS Scientific Group 01.02 “Rehabilitation and Chronic Care” determined

the overall scope of this through c Focused li reviews were conducted in key topic
areas and the final content of this Statement was agreed upon by all members,
The current knowledge regarding physical activity in COPD is p d, incl g the definition of

physical activity, the consequences of physical inactivity on lung funclwn decline znd COPD incidence,
physical activity assessment, p'rh‘ﬂl:nu: of ph imactivity in COPD, dinical correlates of physical
activity, effects of physical inactivity on hosp ions and lity, and ies to improve
physical activity in patients with COPD.

‘This Task Force identified multiple major areas of research that need 1o be addressed further in th
coming years. These include, but are not limited to, the discase-modifying potential g
activity, and to further understand how improvements in exercise capacity, dyspng
following interventions may translate into increased physical activity.

The Task Force ds that this ERS should be reviewed periodically (

@ERSpublications
An official ERS providing a "
COPD hitp:/fow.ly/CoviE
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EXERCISE CATACITY AND MORTALITY AMONG MEN REFERRED
FOR EXERCISE TESTING

JonatHan Myers, PH.D., ManisH PrakasH, M.D., Victor FroeucHer, M.D., Dat Do, M.D., Sara ParmincTon, B.Sc,,
anD J. Eowan Atwoop, M.D.
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The anti-inflammatory effect of exercise

Anne Marie W. Petersen and Bente Klarlund Pedersen
Centre of Inflammation and Metabolism at The Copenhagen Muscle Research Centre and The
Department of Infectious Diseases, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark

Petersen, Anne Marie W., and Bente Klarlund Pedersen. The anti-inflammatory
effect of exercise. J Appl Physiol 98: 11541162, 2005; doi:10.1152/japplphysiol.
00164.2004.—Regular exercise offers protection against all-cause mortality, pri-
marily by protection against cardiovascular disease and Type 2 diabetes mellitus.
The latter disorders have been associated with chronic low-grade systemic inflam-
mation reflected by a two- to threefold elevated level of several cytokines. Adipose
tissue contributes to the production of TNF-a, which is reflected by elevated levels
of soluble TNF-a receptors, IL-6, IL-1 receptor antagonist, and C-reactive protein.
We suggest that TNF-a rather than IL-6 is the driver behind insulin resistance and
dyslipidemia and that IL-6 is a marker of the metabolic syndrome, rather than a
cause. During exercise, IL-6 is produced by muscle fibers via a TNF-independent
pathway. IL-6 stimulates the appearance in the circulation of other anti-inflamma-
tory cytokines such as IL-lra and IL-10 and inhibits the production of the
proinflammatory cytokine TNF-a. In addition, IL-6 enhances lipid turnover, stim-
ulating lipolysis as well as fat oxidation. We suggest that regular exercise induces
suppression of TNF-a and thereby offers protection against TNF-a-induced insulin
resistance. Recently, IL-6 was introduced as the first myokine, defined as a cytokine
that is produced and released by contracting skeletal muscle fibers, exerting its
effects in other organs of the body. Here we suggest that myokines may be involved
in mediating the health-beneficial effects of exercise and that these in particular are
involved in the protection against chronic diseases associated with low-grade
inflammation such as diabetes and cardiovascular diseases.

cytokines; atherosclerosis; diabetes; aging; physical activity
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Does physical inactivity cause chronic
obstructive pulmonary disease!?

Nicholas S. HOPKINSON and Michael I. POLKEY
National Heart and Lung Institute, Imperial College, Royal Brompton Hospital, London SW3 6NP, UK.

AB § 1T R Gl

COPD (chronic obstructive pulmonary disease) is the most common pulmonary disease and is
the only common cause of death in which mortality is presently rising. It is caused by the inhalation
of smcke whnch Ieads to oxidative stress and inflammation both in the Iungs and systemlcally

MMM ause of MQghtnmandmhmm Mhls hypothests is

supported by data from population studies that link activity levels to decline in spirometric indices,
both in smokers and non-smokers. In addition, smokers with Iow physmi actrwty levels are more
llkely to be dlagnosed subsequently with COPD. Physical exe
and reduces the frequency of wwmmm

m&m which it could attenuate the harmful effects of smokingg There is
sufficient evidence to justify population trials of lifestyle interventions aimed at improving physical
activity levels and reducing lung function decline in people diagnosed with early COPD through
spirometry screening.
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Figure | Mechanisms by which physical activity might
reduce the impact of smoking on the lungs




Delaying Decline in Pulmonary Function with

Physical Activity
A 25-Year Follow-up

Margit Pelkonen, Irma-Leena Notkola, Timo Lakka, Hannu O. Tukiainen, Paula Kivinen, and Aulikki Nissinen

Department of Public Health and General Practice, University of Kuopio; Department of Pulmonary Diseases, Kuopio University Hospital;
Research Institute of Public Health, University of Kuopio; and Department of Neurology, Kuopio University Hospital, Kuopio;
Department. of Epidemiology and Health Promotion, National Public Health Institute, Helsinki, Finland; Human Genomics Laboratory,
Pennington Biomedical Research Center, Louisiana State University, Baton Rouge, Louisiana

TABLE 3. MEAN ANNUAL DECLINE IN FEV,;; (95% CONFIDENCE INTERVAL) DURING 20 YEARS BY SMOKING CATEGORY
AND PHYSICAL ACTIVITY THROUGHOUT 20 YEARS

Smoking Category

All Never Quit? Continuous

Tertile of Decline' Decline Decline Decline
Physical Activity* n (mifyr) pValue n (mlfyr) p Value (mlfyr) pValue n (ml/yr) p Value

Low 98 —45.2 Reference 17 -354 Reference —46.0 Reference 34 ~55.6 Reference
(—50.1, —40.3) (~47.0, —23.8) (-53.0, —38.9) (—63.8, —47.4)

Middle -399 0.083 38 -27.7 0.233 50 —44.1 0.831 21 —46.0 0.258
(—44.6, —35.3) (—35.4, —-19.9) (—50.9, —37.4) (—56.5, —35.6)

High 68 —34.8 0.009 15 -241 0.063 31 -36.1 0.124 —44.7 0.162
(—40.6, —29.0) (-36.5, —11.6) (—44.8, -27.5) (~54.8, —34.5)

p for trend 275 0.006 70 0.060 128 0.144 0.139

* Tertile limits for physical activity the same as in Table 1.

tIn analysis of covariance, the p value for tertile of physical activity was 0.029, for smoking habits was < 0.001, for age was 0.059, for baseline FEV, ;s was 0.006,
and for tertile of physical activity* smoking habits was 0.895.

*Including past smokers at the baseline and smokers who gave up smoking during the 20 years of follow-up.




Regular Physical Activity Modifies Smoking-related
Lung Function Decline and Reduces Risk of Chronic
Obstructive Pulmonary Disease

A Population-based Cohort Study

Judith Garcia-Aymerich', Peter Lange?’, Marta Benet', Peter Schnohr?, and Josep M Anté'*

'Centre for Research in Environmental Epidemiology (CREAL), Institut Municipal d'Investigacié Médica (IMIM), Barcelona, Spain;
*Copenhagen City Heart Study, Epidemiological Research Unit, Bispebjerg University Hospital, Copenhagen, Denmark; *Department of
Cardiology and Respiratory Diseases, Hvidovre University Hospital, Denmark; and *Department of Experimental and Health Sciences,
Universitat Pompeu Fabra, Barcelona, Spain

TABLE 2. AVERAGE ANNUAL CHANGE IN FEV, (ML/YR*) IN THE LOW PHYSICAL ACTIVITY GROUP, AND ADDITIONAL
RELATIVE CHANGE' (95% CI) IN THE MODERATE AND HIGH PHYSICAL ACTIVITY GROUPS, ACCORDING TO SMOKING

EXPOSURE (LINEAR REGRESSION MODEL?)

All Subjects (n = 6,619) Never-Smokers (n = 1,572)* Former Smokers (n = 1,393) Active Smokers (n = 3,654)
nt Coefficient (95% CI) P Value Coefficient (95% CI) P Value Coefficient (95% CI) P Value Coefficient (95% CI) P Value

Physical activity
Low (reference) 1,035 -17.9 -5.4 -9.9 -20.3
Moderate 2,418 1.6 (—1.1t0 4.3) 0.237 0.3 (—1,7 to 5.3) 0.899 =2.0 (—8.7 t0 4.6) 0.550 26(-1.0106.2) 0.159
High 3,166 3.0 (0.4 to 5.6) 0.026 0.0 (=5.0 to 5.1) 0.988 -14(-781t05.1) 0.672 4.8 (1.3t08.3) 0.008
P for linear trend 0.021 s 0.960 0.852 0.006

Definition of abbreviation: 95% Cl = 95% confidence interval.

* Adjusted mean values based on the linear regression equations. Negative values represent decline.

t Coefficient (and 95% CI) from the linear regression model. Positive values mean yearly gain in milliliters compared with the low physical activity group.

* Multivariate models adjusted for sex, age, education, body mass index, weight change during follow-up, ischemic heart disease, dyspnea, sputum, smoking status,
smoking duration, alcohol consumption, and FEV, at baseline. The complete model (with all covariates) in all subjects is included in the online supplement (see Table
E1). The model for active smokers is additionally adjusted for tobacco consumption during follow-up (pack-years).

$ Numbers do not add to the total number of subjects due to missing values in some of the variables included in the multivariate models.




Regular Physical Activity Modifies Smoking-related
Lung Function Decline and Reduces Risk of Chronic
Obstructive Pulmonary Disease

A Population-based Cohort Study

Judith Garcia-Aymerich!, Peter Lange’, Marta Benet’, Peter Schnohr? and Josep M Anté'*

Centre for Research in Environmental Epidemiology (CREAL), Institut Municipal d'Investigacié Madica (IMIM), Barcelona, Spain;
2Copenhagen City Heart Study, Epidemiological Research Unit, Bispebjerg University Hospital, Copenhagen, Denmark; *Department of
Cardiology and Respiratory Diseases, Hvidovre University Hospital, Denmark; and ‘Department of Experimental and Health Sciences,
Universitat Pompeu Fabra, Barcelona, Spain

AT A GLANCE COMMENTARY
Suent:ﬁc Knowledge on the Subject

There are no known mod]ﬁable fact{)rs—éapart fr{}m smok '
- -mg—that may reduce lung function decline. The role of phys:—
~cal acuwty on COPD developmem is not knewn

What Thts Study Adds to the F;eld

Re gula:.r physxcal activity may reduce Iung functzon deci:ne
'- and nsk of developing COPD among active smokers.




Physical Activity Is the Strongest
Predictor of All-Cause Mortality
in Patients With COPD

A Prospective Cohort Study

Benjamin Waschki, MD; Anne Kirsten, MD; Olaf Holz, PhD; Kai-Christian Miiller, PhD;
Thorsten Meyer, PhD; Henrik Watz, MD; and Helgo Magnussen, MD
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Fig. 7.—Continuum of care for chronic obstructive pulmonary disease
(COPD). FEV1: forced expiratory volume in one second.
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