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Objectives: To explore the mediating role of protein interleukin-6 (IL-6) on the relationship
between forced expiratory volume in 1 second (FEV ) and 6-minute walk distance (6MWD) and,
further, to determine whether status variables (such as age, sex, and body mass index [BMI])
operate as moderators of this mediation relationship.

Design: Moderated mediation model.

Setting: An inpatient pulmonary rehabilitation center in Italy.

Participants: All 153 patients involved in the screening of a randomized controlled clinical
trial (ClinicalTrials.gov identifier: NCT01253941) were included in this study. All patients
were Global initiative for chronic Obstructive Lung Disease (GOLD) stages I-IV and were
aged 70.1£9.1 years.

Measurements: At run-in phase of the protocol, clinical and functional screening included
BMI, fasting plasma levels of protein (IL-6), spirometry, and standardized 6-minute walking
test, measured at the start of the respiratory rehabilitation program.

Methods: The size of the indirect effect of the initial variable (FEV ) upon the outcome
variable (6MWD) through the intervening variable (IL-6) was computed and tested for statisti-
cal significance. Moderated mediation analyses were subsequently conducted with age, sex,
and BMI.

Results: FEV  averaged 53.4%121.2%, and bMWD 66.4%*41.3% of predicted. Median protein
IL-6 was 6.68 pg/mL (interquartile range: 5.96). A bootstrapped mediation test supported the
predicted indirect pathway (P=0.003). The indirect effect through IL-6 log units accounted for
17% of the total effect between FEV, and 6MWD. Age functioned as a significant moderator
of the mediational pattern. For individuals aged <70 years, the standardized indirect effect
was significant (0.122, 95% confidence interval [CI]: 0.044-0.254, P=0.004), and for indi-
viduals >70 years it was not significant (0.04, 95% CI: —0.010 to 0.142, P=0.10).
Conclusion: This moderated mediation result based on concurrent data suggests, but does
not prove, a causal role of systemic inflammatory syndrome on progression from functional
impairment to “frailty” status and substantial disability in aging chronic obstructive pulmonary
disease.

Keywords: COPD, chronic airflow obstruction, aging, mediation analysis

Introduction

Patients with chronic obstructive pulmonary disease (COPD) demonstrate widely
variable exercise capacities.' A large body of evidence suggests that forced expiratory
volume in 1 second (FEV ), as an index of the mechanical changes by which COPD
affects exercise tolerance, is poorly correlated with exercise performance, and numer-
ous abnormalities found outside the lung such as systemic inflammation, hypoxic
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neuroendocrine activation, chronic wasting, and skeletal
muscle dysfunction also impact exercise performance.>™

Recent attention has been given to the contribution of sys-
temic inflammation, as reflected by increased plasma levels
of protein interleukin-6 (IL-6) and C-reactive protein (CRP),
to reduced muscle strength, decreased exercise endurance,
shorter 6-minute walk distance (6MWD), and poor health
status.’® Protein IL-6, besides its central role in initiating and
modulating acute-phase inflammatory responses to injuries
and infections, increases in plasma during stress unrelated
to inflammation. In particular, previous in vivo’ and recent
in vitro'® studies have suggested that oxidative stress in hard
contractive respiratory muscles elicits expression of IL-6,
interleukin-1p, and tumor necrosis factor-o., and this cytokine
interplay accounts for most of the hypothalamic—pituitary—
adrenal axis stimulating activity in plasma. Importantly,
these hormone-like effects speak also to the possibility that
cytokines constitute a separate system of regulation and
defense reaction closely connected to nervous, endocrine,
and metabolic regulation systems.'!

Based on this literature, one can pose a research
hypothesis of a mediating role for systemic cytokines on
the effect of FEV, on walking performance for individuals
suffering from COPD. If this relationship can be found, it
would suggest how a systemic inflammatory response impacts
walking performance in COPD. In this context, the current
authors hypothesized a mediation model to test whether the
relationship between patients’ post-bronchodilator FEV,
(independent variable) and 6MWD (outcome variable)
could be at least partially explained by circulating levels of
protein IL-6 (mediator or process variable). We also explored
whether or not this proposed mediation model was moderated
by several status variables, namely, age, sex, and body mass
index (BMI).

Methods

All patients involved in the screening of the randomized
controlled clinical trial of nonpharmacologic treatment
(ClinicalTrials.gov identifier: NCT01253941) were recruited
into the present study. Patients who had been referred to
the pulmonary rehabilitation unit of Salvatore Maugeri
Foundation IRCCS (Montescano, Italy) from March 2010 to
March 2012 underwent a clinical/functional screening during
the intake phase of the protocol. The screening encompassed
presence of symptoms (Modified Medical Research Council
[MMRC] Dyspnea Scale; [see BODE reference below for
details]), quality of life (EuroQoL valuation questionnaire
EQ-5D and visual analog scale EQ-VAS),!? pulmonary

function tests, BODE (BMI, airway obstruction, dyspnea,
and exercise capacity) score 0-10,"* and blood biomark-
ers (CRP and protein IL-6). Chest radiography and thorax
computed tomography scan were optionally analyzed. This
reappraisal process was implemented in patients undergoing
pulmonary rehabilitation before they were moved to eligibil-
ity screening and the run-in phase of the randomized clinical
trial, and many individuals faced the problem of dealing
with a presumptive COPD diagnosis that may not have been
systematically checked in primary clinical care. All of the
approached patients gave the researchers written permission
to obtain sociodemographic and clinical data from their medi-
cal files. Patients who participated were requested to complete
the EuroQoL questionnaire (EQ-5D and EQ-VAS) before
the start of the rehabilitation program. Patients who had had
primary lung conditions other than COPD were excluded
from the analysis. All of the patients had to meet the American
Thoracic Society (ATS) criteria for diagnosis of COPD.' At
the time of examination, patients were receiving a standard
treatment regimen consisting of inhaled corticosteroids and
long-acting beta-adrenergic agonists, and/or long-acting
anticholinergic drugs. The presence of physician-diagnosed
comorbidities such as arrhythmias, cardiovascular disease,
coronary artery disease, chronic pulmonary arterial hyper-
tension, previous neoplasias, and obstructive sleep apnea
syndrome were recorded. In addition, objectively identified
comorbidities' were assessed as well, namely: systemic arte-
rial hypertension (systolic blood pressure >140 mmHg, or
diastolic blood pressure >90 mmHg); hyperglycemia (fast-
ing glucose levels >5.6 mmol/L); dyslipidemia (triglyceride
blood levels >1.7 mmol/L or high-density lipoprotein cho-
lesterol level <<1.03 mmol/L in men, and <1.26 mmol/L
in women); obesity (BMI >30 kg/m?); underweight
(BMI <21 kg/m?); anemia (hemoglobin level <8.1 mmol/L
in men, and <7.5 mmol/L in women); renal impair-
ment (estimated glomerular filtration rate <60 mL/min);
osteoporosis (T-score <—2.5); chronic respiratory failure
(arterial oxygen tension [PaO,] <8.0 kPa, and arterial carbon
dioxide tension [PaCO,] >6.0 kPa); and symptoms of anxiety
and depression (EQ-5D questionnaire item 5 score =3). It
was also noted whether patients were currently smoking, on
long-term oxygen therapy, or taking medications or systemic
corticosteroids. The medical ethics committee at our home
institution approved the study design.

Measurements
Spirometry was performed using a Jaeger spirometer and
body box (Masterscreen® Body; VIASYS Healthcare GmbH,
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Hoechberg, Germany). FEV and forced vital capacity were
obtained. FEV  was also measured 15 minutes after four inha-
lations of salbutamol (400 p1g) from a metered-dose inhaler.
Predicted equations utilized were those of Quanjer et al.'®

The 6-minute walking test is systematically performed at
the beginning of the rehabilitation program at our institution,
organized following ATS/European Respiratory Society
guidelines!!® for pulmonary rehabilitation, and consists of
general physical training with particular attention to exer-
cise in relation to daily activities.'"® The 6MWD, ie, distance
walked during a standardized 6-minute walking test, is taken
as an outcome measure of exercise capacity.

The 6-minute walking test was conducted as described
by Guyatt et al,' which was a modification of the 12-minute
walking test originally described by McGavin et al.?
A 100-foot (30.5 m) hospital corridor course was used and
was marked by colored tape at each end. Patients underwent
two 6-minute walking tests at least 30 minutes apart. This
procedure was used to eliminate any potential learning effect,
and the second of the two walk distances was recorded.!®

Performance status of the patients was assessed by BMI,
degree of airflow obstruction and dyspnea, and exercise
capacity (BODE index).'* These measurements constitute a
multidimensional grading system based on: 1) the measure-
ment of BMI (kg/m?); 2) FEV,, % predicted; 3) degree of
dyspnea, measured with the MMRC Dyspnea Scale; and
4) the evaluation of exercise tolerance, as reflected by the
distance walked in the 6-minute walking test (6MWD).

The EuroQoL questionnaire EQ-5D and EQ-VAS!? was
administered to all of the participants; it is designed to collect
evaluations for health-related quality of life states consisting of
five items (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression). Patients were asked to refer to their
dyspnea when answering pain/discomfort items. Each item has
three levels of response: no problems (1), some problems (2),
and extreme problems (3). Higher scores collectively indicate
more severe problems. In addition, patients rated their current
health using a visual analog scale (VAS). VAS scores vary
from 0 (death or worst possible health) to 100 (best possible
health).

Determinations of fasting plasma levels of protein IL-6 and
CRP were implemented in routine examinations performed at
the start of the respiratory rehabilitation program at our institu-
tion. Fasting ethylenediaminetetraacetic acid (EDTA) venous
blood samples were collected early in the morning (8—10 am).
CRP was measured in duplicate by high-sensitivity particle
enhanced turbidimetric immunoassay (PETIA) (Siemens AG,
Munich, Germany), with a lower detection limit of 0.5 mg/L.

Protein IL-6 was measured by an enzyme-linked immunosor-
bent assay (ELISA) kit utilizing commercial ELISA (R&D
Systems, Inc., Minneapolis, MN, USA).

Arterial blood samples were gently drawn from the brachial
artery, using a dedicated preheparinized blood sampler, while
patients were seated and breathing room air. Oxygen breathing
was temporarily withdrawn for at least 30 minutes in patients
undergoing oxygen therapy. Immediately after sample col-
lection, mixing, and removal of the first drops of blood, the
acid—base and oxygen status indices were analyzed. Arterial
negative logarithm of hydrogen ion concentration (pH),
PaCO,, PaO,, and the oximetry parameters were measured
using a blood gas analyzer (ABL 700 system; Radiometer
Medical ApS, Bronshgj, Denmark).

Mediation analyses

To test our mediation hypothesis, we proposed a temporal
chain in which the intervening variable (IL-6) functioned as
the mediator of the effect of FEV, on 6 MWD performance.
Specifically, it was predicted that FEV, (X variable) would
negatively predict IL-6 levels (M variable), and that IL-6,
in turn, would negatively predict the outcome of 6MWD
(Y variable). A three-step statistical approach was used to
obtain estimates of mediation effects. In step 1, a regression
analysis with X predicting Y alone was conducted to esti-
mate path c (total effect). In step 2, the relationship of
X predicting M was conducted to estimate path a. In step 3,
a regression was performed with X and M, simultaneously
predicting Y to estimate the size of path b. The indirect effect
of mediation, in which X leads toY through M, is assessed by
estimating the product of a X b, and it represents the portion
of'the original relationship between X and Y that is mediated
by M, while the direct effect (path c’) is the residual effect
of X on'Y controlling for M. To test statistical significance
of the mediation pattern, a bootstrapped mediation test was
performed in SPSS Amos software (v 19; IBM Corpora-
tion, Armonk, NY, USA) with 4,000 resamplings and a
95% confidence interval (CI). Computation of the size of
the mediation effect was based on standardized regression
coefficients according to methods described by Jose?' and
MacKinnon.?? Further analyses were performed to ascertain
whether status variables might function as moderators of this
obtained mediation result. Three moderators were examined:
sex, age, and BMI status.

Statistical analyses
Reports of data are expressed in this report as mean and stan-
dard deviation, unless otherwise stated. Descriptive statistics
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of both protein IL-6 and CRP showed that these variables
manifested non-normal distributions (Kolmogorov—Smirnov
D=0.42, P<0.001 and D=0.31, P<<0.001, respectively).
These variables were transformed into log units.

As past research has shown that risk and mortality for car-
diovascular disease increases with IL-6 levels, with the most
pronounced risk at the uppermost quartile,” we also measured
IL-6 plasma levels in 16 healthy subjects (isolated control
group), and used the upper quartile value of IL-6 distribution
as the cut point for defining high levels of this protein.

Zero-order correlations of parametric data were
performed by the Pearson method. Differences of proportions
were tested by Pearson y°. A P-value <0.05 was considered
to be statistically significant.

Results

Descriptive statistics
Overall, 180 patients were approached and recruited. The appro-
priateness of COPD diagnosis was appraised in 153 individuals.
A COPD diagnosis was excluded in 27 patients. Characteristics
of the 153 patients (123 males) in total and within each Global
initiative for chronic Obstructive Lung Disease (GOLD) func-
tional stage'* are shown in Table 1. Out of 153 individuals, 71
patients (46%) fell within GOLD stage III or IV.

Most of the patients were ex-smokers (73%) or current
smokers (17%), with a median number of smoked pack-years
of 45 (interquartile range [IQR] 42-179.3).

Figure 1 shows comorbidity frequencies ranging from
4% to 75%. Dyslipidemia, systemic arterial hypertension,
hyperglycemia, and chronic respiratory failure were the four
most prevalent comorbidities. Almost all patients had one
or more comorbidity with a median of 5 (IQR 3-8). Among
COPD patients segregated by median age, the ratio of males
to females increased with age: 53 males to 19 females in the
group younger than 70 years, and 70 males to eleven females
in the group over 70 years (y°=3.97, P=0.046). The ratio of
individuals manifesting high versus low levels of IL-6 (cutoff
value =5.4 pg/mL) was 38:34 in the younger group and 56:25
’=4.31, P=0.038). The self-care item of
the EQ-5D questionnaire showed that more problems were
reported with increasing age (y’=7.19, P=0.028). On the other
hand, health status (VAS score =50) did not significantly
vary by age (P=0.47).

A statistically significant correlation between CRP and
cytokine IL-6 (R?*=0.65, 95% CI: 0.55-0.73; P<<0.001)
was found, indicating a strong association between the two

in the older group

variables.

The majority of patients (73%) were on inhaled
corticosteroid therapy. Out of the overall sample of 153,
33 patients (22%) were scaling down systemic steroids
at the time of the study; 58% of the patients were on
antihypertensive drugs; 10% of patients were on statins;
42.5% of patients were on long-term oxygen therapy;
25% were on noninvasive continuous positive pressure

Table | Descriptive statistics of 153 patients (123 males) with COPD, overall and in each functional GOLD stage

Total GOLD | GOLD Il GOLD Il GOLD IV
n=153 n=54 n=28 n=34 n=37
Males, n 123.0 43.0 21.0 27.0 32
Age, years 70.1 (9.0) 67.0 (11.4) 72.2 (7.6) 71.6 (8.6) 71.5(7.3)
Smoking habit
CS,n 22 10 4 3 4
FS, n 96 26 16 28 26
NS, n 13 7 4 5 -
BODE index
BMI, kg/m? 27.7 (6.9) 30.1 (6.5) 28.2 (8.1) 25.3 (5.8) 24.1 (6.1)
FEV,, % predicted 534 (21.2) 79.7 (17.6) 55.8 (4.3) 42.1 (5.5) 27.7 (5.7)
MMRC-D, points 2.7 (0.9) 2.1 (0.6) 2.6 (1.0) 2.9(0.7) 34 (0.8)
6MWD, meters 294.1 (134.1) 373.0 (125.1) 278.9 (111.5) 259.6 (109.8) 2172 (117.1)
BODE points 4.3 (2.8) 1.7 (1.4) 3.9 (1.6) 5.6 (1.8) 7.5 (2.0)
Pulmonary function
FEV /FVC, % 56.3 (17.5) 66.1 (9.5) 61.2 (9.0) 46.1 (15.5) 35.6 (8.9)
PaCO,, kPa 5.3 (L.1) 5.1 (0.8) 5.1 (0.9) 5.6 (1.2) 5.9 (1.4)
PaO,, kPa 8.8 (1.4) 9.4 (1.5) 9.1 (1.2) 8.5 (1.0) 7.8 (1.1)
P, kPa 3.3(0.3) 3.2(0.3) 3.2 (0.3) 3.3 (04) 3.3(03)

Note: Data are presented as mean (standard deviation) unless stated otherwise.

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global initiative for chronic Obstructive Lung Disease; CS, current smokers; FS, former smokers;
NS, nonsmokers; BODE, BMI, degree of airflow obstruction, dyspnea, and exercise capacity; BMI, body mass index; FEV , forced expiratory volume in | second; MMRC-D,
Modified Medical Research Council Dyspnea Scale; 6MWD, 6-minute walk distance; FVC, forced vital capacity; PaCOz. arterial carbon dioxide tension; PaOZ, arterial oxygen

tension; P, oxygen half-saturation tension.
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Figure | Frequency of comorbidities in |53 patients suffering from chronic obstructive pulmonary disease.

ventilation; and 10% were on bilevel noninvasive positive
pressure ventilation.

Table 2 shows anthropometrics, spirometry, IL-6, and
CRP descriptive statistics of 16 healthy subjects (isolated
control group). Out of 153 COPD patients, 59 (38.6%)
manifested protein IL-6 plasma levels below, and 94 (61.4%)
above, 5.4 pg/mL, which was the upper quartile of the distri-
bution produced by the isolated control group.

Table 3 shows the zero-order correlations between FEV,
and 6MWD, between FEV | and IL-6 in log units (InIL-6), and
between InIL-6 and 6MWD. These relationships confirmed
the expectation that FEV, and 6 MWD would be positively and
moderately related, and, as expected, InIL-6 was negatively
related to both variables. Since size and statistical significance
of these relationships suggested that a significant mediation

Table 2 Descriptive statistics in 16 healthy controls (six males)

Subjects Mean/ 95% CI/[IQR] IstQ 3rdQ
[median]
Age, years 47.9 45.2-50.6 42.8 51.8
BMI, kg/m? 25.9 23.9-27.9 23,8 28.5
FEV |, % predicted 108.9 101.4-116.4 99.0 121.5
FEV /FVC, % 80.2 77.8-82.6 76.9 82.8
IL-6, pg/mL [4.6] [2.1-4.9] 33 5.4
CRP, mg/L [1.3] [1.1-3.2] I.1 22

Note: Data are presented as mean or [median] in the first column, 95% ClI, or
median and QR.

Abbreviations: Cl, confidence interval; IQR, interquartile range; Ist Q, first
quartile; 3rd Q, third quartile; BMI, body mass index; FEV, forced expiratory volume
in | second; FVC, forced vital capacity; IL-6, cytokine interleukin 6; CRP, C-reactive
protein.

might be present, we computed a bootstrapped mediation
model in the AMOS software to test this hypothesis.

Mediation analysis

Figure 2 depicts the mediation path model. The numerical
values associated with the three pathways are standardized
regression weights (or betas). The reduction of the raw cor-
relation between FEV and 6MWD (total effect) from 0.52 to
0.43 with inclusion of the mediator is indicative of a signifi-
cant mediational result, but the size of the decrease has to be
determined. Bootstrapping test output obtained evidence of a
statistically significant mediation result: standardized indirect
effect =0.089, standard error =0.03, 95% CI: 0.041-0.164,
P=0.003. Computation of the size of the mediation effect
based on standardized regression coefficients yielded the

Table 3 Raw correlations between FEVI% of predicted, InIL-6,
and 6MWD

InIL-6 6MWD

FEV, % predicted

Pearson correlation —0.268** 0.5227%*

Significance (two-tailed) <0.001 <<0.000

N 153 153
InlL-6

Pearson correlation —0.447%*

Significance (two-tailed) 0.000

N 153

Note: *P-value<<0.01.
Abbreviations: FEV , forced expiratory volume in | second; InIL-6, log of cytokine
interleukin 6 plasma levels; 6MWD, 6-minute walk distance.
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/

-0.33

043 ——>

-0.27

IniL-6

Figure 2 Mediation path model for the entire sample (N=153).

Notes: Inclusion of the mediator reduces the row correlation coefficient between
FEV, and 6MWD (total effect =0.52). The numbers are the correlation coefficients
of the mediation paths: path ¢’ =0.43, path a =—0.27, path b =—0.33. Circles with the
letter “e” refer to error or residual.

Abbreviations: 6MWD, 6-minute walk distance; FEV , forced expiratory volume in
| second; InlL-6, log of cytokine interleukin 6 levels.

information that the mediational path involving InIL-6
accounted for 17% of the total effect. This result suggests
that increase of airflow obstruction (a lowering of FEV ) pre-
dicted an increase in InIL-6 levels, which, in turn, predicted
a decrease in walking performance (6MWD).

Among the status variables tested as moderators of this
obtained result, neither sex nor BMI evidenced any significant
influence on the obtained mediational pattern, but age was
found to operate as a significant moderator.

Figure 3 shows that age moderated the obtained overall
mediation pattern. In particular, after splitting the sample by
median age (70 years), we obtained a significant mediation
result for individuals younger than 70 years: standardized indi-
rect effect =0.122, se =0.05, 95% CI: 0.044-0.254, P=0.004.
In contrast, a nonsignificant mediation result was obtained for

A
FEV, 0.45 » 6-MWD
-0.32 -0.38
InIL-6
. ()
FEV, 0.38 6-MWD
-0.17 -0.25
InIL-6

Figure 3 Mediation path models for participants according to age.

Notes: The numbers are the correlation coefficients of the mediation paths: path c’, path a, and respectively path b. (A) The mediation path model for participants younger
than 70 years (N =69). (B) The mediation path model for participants older than 70 years (N =84). Circles with the letter “e” refer to error or residual.
Abbreviations: 6MWD, 6-minute walk distance; FEVI, forced expiratory volume in | second; InlL-6, log of cytokine interleukin 6 plasma levels.
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individuals older than 70 years: standardized indirect effect
=0.044, se =0.03, 95% CI: =0.010 to 0.142, P>0.10. The “a”
path (from X'to M variable) and the “b” path (from M to Y vari-
able) were not significantly different in strength between the
younger and older groups; however, the younger group mani-
fested stronger betas (standardized regression coefficients) for
both the a (B: —0.32 versus —0.17) and b paths (B: —0.38 versus
—0.25) compared to the older group. Since the strength of the
indirect effect is computed by multiplying path a by path b,
it is clear that the size of the indirect effect in relation to the
total effect was larger for younger individuals (0.21) than for
the older individuals (0.10). This result suggests that InIL-6
levels mediated between severity of airflow obstruction and
walking performance among elderly adults to about half the
extent they did among younger adults.

Discussion

The twin findings of the current study, namely: 1) the media-
tion of cytokine IL-6 circulating levels on the effect of FEV
upon walking performance in patients with COPD and 2) the
moderation of this effect by age, are consistent with sugges-
tions that protein IL-6 is one of the main signaling pathways
modulating the complex relationship between aging and
chronic morbidity.?*

The novelty of the present study stems from our choice to
analyze the cross-sectional observations obtained in a sample
of older individuals with COPD by using a mediation model
to investigate the proposed sequence of severity of airflow
obstruction — increasing IL-6 blood levels — impairment of
6MWD, in order to better understand how living with COPD
impacts walking performance. Moreover, the potential mod-
erating influence of several status variables on the mediated
effect was tested, with the finding that neither BMI nor sex
moderated its strength, but age did. The present statistical
approach has been borrowed from psychological theory and
research, wherein the mediation—moderation framework is
very popular.”® The logic of a mediation analysis, namely,
assessing the dynamic interplay of several related variables,
seems to apply well to the phenomenon of protein IL-6 cir-
culating in blood, based on the rationale that its biological
role is to transmit immune, metabolic, neural, and hormonal
signaling along specific pathways.

Protein IL-6 plays different biological roles in the context
of the acute phase response, as well as in the progression
from acute to chronic inflammation. In acute airway and
alveolar inflammation, the role of protein IL-6 has been
documented by studies showing its association with faster
decline in lung function,® and it is related to exacerbations
in patients with COPD.?” In the pathogenesis of chronic

inflammation, IL-6 frans-signaling presumably sustains the
switch from the inflammatory burst that follows an inflam-
matory stimulus to chronic elevation of IL-6.% In addition,
the stress-related neural, endocrine, and metabolic actions of
the triad of tumor necrosis factor-o, interleukin-1, and IL-6
are relevant to pulmonary rehabilitation interventions, in that
these systemic mediators intervene in an adaptive response
elicited to prevent fatigue or reduce injury to hard contrac-
tive respiratory muscles®!? and play a part in the metabolic
changes associated with chronic wasting of COPD and in its
adverse effect on physical performance.? In particular, the
well-established IL-6 release, acting as an energetic sensor
of reduced fuel stores to exercising muscles,*® needs to be
taken into account.

Along this line of reasoning, the finding that BMI does
not moderate the mediating role of IL-6 on 6MWD implies
that low-grade systemic inflammation operates similarly in
weight-losing, normal weight, and obese (non-weight losing)
patients; and leads to a more or less manifest fat-free mass
depletion and COPD sarcopenia, as previously reported by
Eid et al.?! Further, the strong correlation between CRP and
IL-6 blood levels found here provides circumstantial evidence
for the inference we made in a previous pilot study*? concern-
ing treating an increased CRP blood level as a marker of IL-6
overproduction in response to impaired signaling to glycogen
synthesis in weight-losing patients with COPD undergoing
nutritional supplementation. Therefore, we are motivated to
suggest from our mediation result that protein IL-6 mediates
the effect of airflow obstruction on development of a frailty
status (as reflected by a reduced 6MWD)), in agreement with
previous findings in geriatric population samples.**-*

The finding that the indirect effect of IL-6 on 6MWD
diminishes in elderly COPD patients further reinforces the
basis for speculating that cytokines also function as a defense
reaction closely connected to the neuroendocrine dysregulation
of aging, as previously reported in other research investigat-
ing the interrelations between protein IL-6 overproduction
in response to changes relevant to dehydroepiandrosterone
and cortisol circulating levels in aging males and females.**3¢
Alternatively, it is tempting to interpret the moderating effect
of age on the mediation effect identified here to be the result
of'a modulation of key features of COPD by cell senescence,
resulting in enhancement of inflammatory phenotype by cytok-
ines released by senescent cells, paracrine loops of cytokine
secretion, and further activation of senescent cells.?’

Overall, we would argue that the results of the moderated
mediation analysis in this study lend support to the idea of
a contribution of lung aging to COPD progression, and of
aging intertwining with several age-related comorbidities via
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activation of a systemic inflammatory response and a intra-
pulmonary adaptive immune response, as well as a neuroen-
docrine and metabolic dysregulation that have been previously
identified, but which are not yet fully understood.?**

In the field of pulmonary rehabilitation, the results of
the moderated mediation analysis call for implementation of
specific intervention studies aimed at evaluating whether or
not general physical training impacts the temporal sequence
of events and the covariation patterns among variables identi-
fied by using the present concurrent dataset.

We acknowledge that our study has several limitations.
First, we acknowledge that measurement of IL-6 blood
levels does not necessarily reflect the levels of biologically
active protein IL-6 in a person’s bloodstream. IL-6 biological
activity is dependent on binding with cognate IL-6 receptor
(CD126) in cell types expressing it, and also is affected by
trans-signaling activity of the complex formed by IL-6 with
soluble IL-6 receptor (sIL-6R) after proteolytic shedding from
the surface of neutrophils and monocytes, or modulated from
inactivation of the circulating IL-6/sIL-6R receptor com-
plex.24%41 Second, we are aware that a base determination of
IL-6 obtained at one point in time can provide only limited
information on the general or typical degree of activation of
the IL-6 pathway. Nevertheless, CRP is acknowledged as one
of the powerful stimulators of the shedding process.*** Thus,
the close relationship between IL-6 and CRP suggests the pos-
sibility for a systematic activation and amplification of IL-6
signaling by the shedding process. It is also acknowledged
that results of mediation analyses are most illuminating when
they are based on longitudinal data; since we used concurrent
data in the present study, we are precluded from making a
causal argument among the three main variables studied here.
Nevertheless, mediation analyses with concurrent datasets are
useful for identifying patterns of covariation among variables
that stand as promising candidates for further research with
longitudinal datasets. We suggest that the identified media-
tional pattern obtained in the present data should be evaluated
with longitudinal data. Finally, the overrepresentation of males
compared to females in our sample of COPD patients, with
a 4:1 male-to-female ratio, should be regarded as a potential
limitation in that it might have hampered evaluation of sex
as a moderator of our mediational model.

Conclusion

The main result of the present study, that systemic immune
activation partially mediates the impact of FEV , the classical
pulmonary benchmark, on walking performance decline,
is suggestive of a dynamic relationship, although it cannot

authoritatively demonstrate a cause and effect relationship.
Thus, longitudinal or intervention studies are needed to
further elucidate how functional impairment leads to frailty
status and disability in advanced COPD.
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