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KEYWORDS Abstract

COPD; Background: In COPD, the bronchial epithelium shows a pathologically activated Wnt pathway.
Sclerostin; Sclerostin (SOST) is a secreted glycoprotein that is associated with bone metabolism and blocks
WNT pathway; the Wnt pathway. We hypothesized that low sclerostin levels might be associated with lung func-
Exacerbation; tion and COPD exacerbations in patients.

Sarcopenia Methods: We studied 139 outpatients with stable COPD and normal kidney function. We assessed

the serum levels of SOST and bone metabolism parameters, body composition, clinical character-
istics and lung function at baseline. We followed the patients prospectively for 12 months after
enrolment. Moderate exacerbations and hospital admissions were recorded during follow-up.
Results: The serum SOST levels were 23.98+7.6 pmol/l (men: 25.5+7.7 pmol/l, women: 20.3+
5.9 pmol/l (p < 0.001)). SOST showed correlations with age (r = 0.36), FFMI (r = 0.38), FEV1
(r=0.27), DLCO (r = 0.39), 6MWD (r = 0.19) and CAT (r = -0.24). In multivariate linear regression
analysis, only age (beta=0.264) and FFMI (beta=1.241) remained significant. SOST showed a sig-
nificant negative correlation with serum phosphorus (r = -0.29). Cox proportional risk analysis
indicated that patients in the lower tertile of SOST levels were at higher risk of moderate COPD
exacerbation (HR 2.015, CI95% 1.136—3.577, p = 0.017) and hospital admission due to COPD (HR
5.142, CI95% 1.380—19.158, p = 0.015) than the rest of the patients.

Conclusions: SOST levels are associated with body composition and lung function in patients
with COPD. Furthermore, lower SOST levels predict a higher risk of exacerbations and hospitali-
zation.
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Introduction

COPD is a leading cause of mortality worldwide." COPD exac-
erbations are among the most relevant outcomes in COPD,
because it leads to poorer prognosis” and diminished quality
of life.? Several traits* ® have been identified as potential
triggers of exacerbations, although the only predictor of risk
proposed by international guidelines is previous exacerba-
tions’. No serum biomarkers have demonstrated a consistent
association with COPD outcomes. Sclerostin (SOST) has been
widely studied in the context of bone metabolism, because
it is secreted by osteocytes and regulates bone turnover.®~?
SOST binds LRP5/6, a coreceptor of the Wnt canonical path-
way, and blocks this signal transduction pathway.® ° SOST is
also secreted by numerous other cell types, including bron-
chial and skeletal muscle cells, and is considered a systemic
hormone.? In addition, Carlier et al."" have recently dem-
onstrated that the canonical Wnt pathway is aberrantly acti-
vated in the airway epithelium in patients with COPD. The
extrinsic activation of this pathway inhibits epithelial differ-
entiation, polarity and barrier function, and induces TGF-
beta related epithelial-to-mesenchymal transition.

Furthermore, SOST may play an important role in muscle-
bone crosstalk, regulating muscle mass and lung function,
and modifying body composition, although not all study find-
ings are concordant.®? 124

To test this hypothesis, we analysed the associations of
blood SOST with body composition, bone metabolism, lung
function and clinical parameters in a well-characterized
cohort of patients with COPD. Importantly, we also prospec-
tively assessed the frequency of exacerbations for 12
months. To the best of our knowledge, no previous studies
have evaluated blood levels of SOST in COPD.

Methods

This was an observational prospective study performed in a
COPD outpatient clinic from a third level hospital in Spain
from November 2017 to October 2018.

The study was approved by the Ethics Committee of our
institution (2017.035). All patients provided written
informed consent to participate in this study.

Participants

Patients were consecutively recruited during routine visits
to the monographic COPD outpatient clinic.

Inclusion criteria: Adult patients with COPD according to
GOLD Guidelines’” who were older than 40 years of age.

Exclusion criteria: 1) Patients using treatments interfer-
ing with bone resorption (vitamin D metabolites, oral cal-
cium, estrogens, PTH, other antiosteoporotic agents,
systemic glucocorticoids, etc.); 2) treatment with pulmo-
nary rehabilitation during the study or 6 months before the
inclusion period; 3) COPD exacerbation 8 weeks before the
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study; 4) other conditions that could alter bone resorption
(primary hyperparathyroidism or any other cause of hyper-
or hypocalcaemia, recent osteoporotic or traumatic frac-
tures, sarcoidosis, cancer, acute or chronic kidney failure, or
rheumatoid arthritis).

Measurements

The methodologic aspects of this study are similar to those
in a previously published study.' In summary, trained staff
recorded clinical information and performed lung function
tests. Spirometry was performed according to the Spanish
Society of Pulmonology and Thoracic Surgery (SEPAR) Guide-
lines.'® Diffusing capacity of the lung for carbon monoxide
(DLCO) was measured in accordance with ATS/ERS Guide-
lines."” Six-minute walking tests were performed according
to the SEPAR protocol.'® We estimated body composition
with a bioelectrical impedance device (OMROM BF511,
Omrom, Japan).

Blood samples were collected from all participants after
they had signed the consent form. To avoid a possible effect
of circadian variability on SOST levels, we obtained all sam-
ples between 10:00 and 12:00 pm. Serum total calcium,
phosphorus and albumin were measured with a Siemens
traceable enzymatic method assay (ADVIA 2400 Analyzer,
Siemens Healthcare Diagnostics, Germany). Total calcium
levels were corrected with albumin. C-reactive protein
(CRP) was measured with immunoturbidimetry (ADVIA 2400
Analyzer, Siemens Healthcare Diagnostics, Germany), and 25
(OH)D concentrations were measured with an automated
competitive chemiluminescence assay (Liaison XL, DiaSorin
Inc, Stillwater MN USA). We measured serum intact PTH
(iPTH) levels with the automated chemiluminescence com-
petitive assay IDS iSYS (Immunodiagnostic Systems Ltd, Bol-
don, UK), PINP (an established marker of osteoblastic
function) and B-Crosslaps (a marker of osteoclastic function)
with a specific chemiluminescence immunoassay in iSYS
(IDS-iSYS Multi-Discipline Automated Analyser, Pouilly-en
Auxois, France). Serum SOST levels were measured with a
highly sensitive specific immunoassay (Sclerostin HS ELISA,
TECO Medical Sissach Switzerland).

After entering the study, patients were followed up for 12
months. We prospectively recorded moderate COPD exacer-
bations (exacerbations in patients treated with antibiotics
and/or systemic corticosteroids) and hospitalizations due to
severe COPD exacerbations, by asking the patients during
follow-up visits (6 and 12 months after entering the study)
and checking the medical records from the hospital and pri-
mary care. General or emergency physicians unaffiliated
with this study made the diagnosis of exacerbation or the
decision to hospitalize the patients.

Statistical analysis

Data are presented as mean+SD for normally distributed
data or median (interquartile range) for nonparametric
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data. Sample size calculation was performed in Stata Statis-
tical Software: Release 15. College Station, TX: StataCorp
LLC.), with an « risk of 0.05 and a B risk of 0.2. Differences
between groups were analysed with unpaired t tests for
parametric data or Mann-Whitney tests for nonparametric
data. Normal distributions were evaluated with Kolmogorov-
Smirnov tests. Correlations between data sets were exam-
ined with the Pearson (r) correlation coefficient for
parametric data or the Spearman rank (rs) correlation coeffi-
cient for nonparametric data. Multivariate linear regression
was performed to assess factors explaining the variance in
SOST. Kaplan-Meier estimates were used to calculate the
proportion of participants experiencing an event over time.
Univariate and multivariate analyses with Cox proportional
risk analysis were performed in SPSS Software version 25.00
for PC to identify risk factors associated with moderate
COPD exacerbations and hospitalizations due to COPD exac-
erbations. Differences were considered significant if p values
were less than 0.05. All reported p values are two-sided.

Results
Characteristics of the patients

A total of 139 patients were finally included in the study
(flowchart for patient selection is shown in Fig. 1). Demo-
graphic, clinical and biochemical data are shown in Table 1.
The mean patient age was 65+8.4 years, and most were
men (70.5%). A high prevalence of current smokers (41.7%)
was observed. Most patients had moderate obstruction and
a moderate decrease in DLCO. The serum 25(0OH)D levels
were 15 (10—22) ng/mL, and the serum iPTH levels were
37.3+16 pg/mL. The SOST levels were 23.9+7.6 pmol/l and
were higher in men 25.5+7.7 pmol/l than in women 20.3+
5.9 pmol/l (p < 0.001). The group of patients with COPD and
lower SOST levels included more men, and had worse lung

function, less exercise capacity, lower FFMI, a trend towards
higher dyspnoea, and higher exacerbation and hospitaliza-
tion rates. However, the two groups had similar GOLD ABCD
distribution, comorbidities and levels of molecules associ-
ated with phosphocalcic metabolism, with the exception of
phosphorus, which was higher in the group of patients with
lower SOST levels. SOST levels varied with GOLD obstruction
(GOLD 127.1£9.2 pmol/l, GOLD Il 24.3+7.5 pmol/l, GOLD llI
21.54+5.1 pmol/l, GOLD IV 19.5+6.5 pmol/l, p = 0.011)
(Fig. 2), and were lower in frequent Vs. non-frequent exac-
erbators (22.4+7.1 pmol/l vs. 25.24+7.7 pmol/l(p = 0.03)
(Fig. 3).

SOST correlations

Serum SOST levels showed a positive correlation with age
(r = 0.361, p < 0.001), BMI (r = 0.187, p = 0.03), FFMI
(r=0.382, p < 0.001), 6MWD (r = 0.192, p = 0.024), FVC (%)
(r =0.223, p = 0.011), FEV1 (%) (r = 0.265, p = 0.002) and
DLCO (%) (r = 0.385 p < 0.001), and a negative correlation
with CAT (r = -0.235, p = 0.005). Otherwise, SOST did not
correlate with C-reactive protein. In multivariate analysis,
only age (beta=0.264; p = 0.009), and FFMI (beta=1.241;
p = 0.005) remained significant, although we also found a
weak, positive, trend towards significance with DLCO
(beta=0.074; p = 0.084).

Serum SOST levels showed a significant negative correla-
tion with serum phosphorus (r = -0.291, p < 0.001) and
B-Crosslaps (r = -0.167, p = 0.05), and a nearly significant
correlation with PINP (r = -0.165, p = 0.052). Serum SOST
levels did not correlate with 25(0OH) vitamin D, iPTH, total
calcium, ionic calcium, alkaline phosphatase, albumin or
magnesium levels. Finally, serum g-Crosslaps correlated pos-
itively with PINP (r = 0.575, p < 0.001).

156 COPD

14 Excluded due to

Chronic kidney
disease

2 Excluded due to

Bone resortion
alteration

1 Excluded due to

139 COPD

Rheumatoid arthritis

Sclerostin < 20 pmol/L
N=55

Fig. 1  Flowchart of
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Table 1 Demographic, clinical and biochemical characteristics of total patients included in the study and patients with lower
tertile (33th percentile) vs upper (34th percentile) sclerostin levels.

Variable Total (n = 139) Sclerostin < 20 pmol/L Sclerostin > 20 pmol/L p*
N =55 N=284
Age (years) 65.0 +8.4 62.8+8.5 67.4+7.8 0.430
Sex Male n (%) 98 (71%) 30 (55%) 68 (81%) 0.001
FVC (L) 3.13+0.96 2.85+1.16 3.31+0.76 0.012
FVC (% predicted) 95.5+19.0 89.5+18.7 99.5+18.4 0.003
FEV. (L) 1.50 (1.11-1.97) 1.20 (0.95-1.73) 1.65 (1.22-2.20) <0.001
FEV, (% predicted) 61.9+20.4 55.1£19.3 66.5+19.9 0.001
FEV,/FVC (%) 48.7+13.1 47.1£12.3 49.8+12.9 0.218
DLCO mmol/mL/kPa 4.95+2.07 4.63+2.21 5.28+1.89 0.166
DLCO (% predicted) 60.3+22.2 53.4+22.9 67.2+21.5 0.004
KCO (% predicted) 75.8+26.1 68.5+28.1 83.1+24.2 0.01
mMRC score O/1/11/111/1V n(%) 29(21)/64(46) 7(13)/24 (43) 22(26)/40(48) 0.053
/37(26)/8(6)/1(1) /17(31)/6(11)/1(2) /20(24)/2(2)/0(0)
Current smokers n (%) 58 (42%) 25 (46%) 33 (39%) 0.487
CAT score 11.8+8.8 13.1+9.5 11.1+8.3 0.259
Charlson index (age adjusted) 4.9+2.1 4.5+2.1 5.2+2.2 0.07
BMI (Kg/m2) 27.4+5.3 26.2+5.8 28.41+4.7 0.029
C-reactive protein (mg/dl) 0.4 (0.1-0.7) 0.5 (0.1-1.1) 0.4 (0.1-0.6) 0.333
25-(OH) Vitamin D (ng/mL) 15 (10-22) 15 (10-24) 15 (10-22) 0.919
iPTH (pg/mL) 37.4+£16.0 36.7+£16.7 37.8+£15.6 0.703
Total Calcium (mg/dL) 9.5+0.4 9.5£0.3 9.54+0.4 0.424
Corrected Calcium (mg/dL) 9.3+0.3 49.2+0.3 9.3+0.3 0.102
Phosphorus (mg/dL) 3.2 (2.8-3.6) 3.4 (3.1-3.7) 3.1(2.7-3.5) 0.007
GOLD A/B/C/D n(%) 66(48)/52(37) 20(36)/23(42) 46(55)/29(35) 0.828
/4(3)/17(12) /3(6)/9(16) /1(1)/8(9)
GOLD I/11I/1I/IV n(%) 29(20)/68(49) 8(15)/22(40) 21(25)/46(55) 0.017
/37(27)/5(4) /22(40)/3(5) /15(18)/2(2)
1 or more exacerbations in the 61 (44%) 32 (58%) 29 (35%) 0.009
previous year n (%)
1 or more admissions in the 24 (17%) 12 (22%) 12 (14%) 0.491
previous year n (%)
ICS treatment n (%) 50 (36%) 23 (42%) 27 (32%) 0.280
FFMI (Kg/m?) 18.8+2.6 17.8+2.6 19.5+2.4 0.002
6MWD (m) 438 (360-500) 400 (310-475) 460 (390-510) 0.01
B-Crosslaps 0.14 (0.08-0.22) 0.15 (0.10-0.22) 0.14 (0.07-0.22) 0.372
P1NP 37.9 (27.8-51.4) 40.3 (31.4-54.4) 36.1(25.4-50.1) 0.053
Sclerostin (pmol/l) 24.0+7.6 17.35+2.1 28.3+6.7 <0.001

FVC= Forced Vital Capacity, FEV1= Forced expiratory Volume in the first second, mMRC= modified Medical Research Council Dyspnea score,
CAT= COPD Assessment Test, ICS= Inhaled Corticosteroids, GOLD= Global initiative for Chronic Obstructive Lung Disease, BMI= Body Mass
Index, FFMI= Fat Free Mass Index, 6MWD= 6 Minute Walking Test Distance, Hypovitaminosis D= 25 OH vitamin D < 30 ng/mL, iPTH= intact
Parathyroid Hormone, CRP= C-reactive protein, 250(H)D= 250H Vitamin D.

" p-value for patients with serum sclerostin levels in the lower tertile (33th percentile) vs upper sclerostin levels. Bold font indicates sta-

tistical significance.

Predictors of SOST levels associated with FFMI (OR 1.936 (IC95% 1.238-3.028)

p = 0.004) but not with the other variables.
Univariate logistic regression indicated that low levels of

SOST were associated with age (p < 0.001), sex (p = 0.002),
DLCO (p = 0.042), FFMI (p < 0.001) and 6MWD (p = 0.014) at
baseline, but not with smoking status, the Charlson index,
mMRC dyspnoea score, FEV1 or the frequent exacerbator
phenotype.

In addition, multivariate logistic regression (Table 2)
revealed that low levels of SOST were independently

SOST and exacerbations

A total of 139 patients were followed up for 12 months: 55
patients were in the low SOST group (SOST levels in the
lower tertile <20 pmol/l) and 84 patients were in the high
SOST group (SOST levels higher than the lower tertile).
Table 1 shows the clinical characteristics of both groups.
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During the 12-month follow-up period, 57 patients pre-
sented moderate COPD exacerbations (31 in the low SOST
group), and 15 patients were hospitalized (11 in the low
SOST group).

Univariate Cox proportional risk analysis indicated that
low SOST (p = 0.001), FEV1 (p = 0.011), previous moderate
COPD exacerbations (p = 0.002) and male sex (p = 0.007)
were risk factors for COPD exacerbations, whereas age, BMI,
use of inhaled glucocorticosteroids, Charlson index or smok-
ing status were not. Multivariate Cox proportional risk analy-
sis revealed that low SOST (HR 2.015, CI95% 1.136—3.577,
p =0.017) was a risk factor for moderate COPD exacerbation
(Fig. 4; Table 3).

Univariate Cox proportional risk analysis showed that
low SOST (p = 0.005), FEV1 (p = 0.001), previous admis-
sion due to COPD exacerbation (p = 0.001) and mMRC
dyspnoea score (p = 0.001) were risk factors for hospitali-
zation, whereas age, sex, use of inhaled glucocorticoste-
roids, the Charlson index and smoking status were not.
Multivariate Cox proportional risk analysis indicated that
previous admission (HR 4.99, CI95% 1.472-16.911,
p = 0.01) and low SOST (HR 5.142, CI95% 1.380—19.158,
p = 0.015) were risk factors for hospital admission (Fig.
5; Table 4).
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Sclerostin levels in overall cohort distributed by GOLD obstruction.

Discussion

Our study showed that SOST correlates with several
parameters in COPD, including body composition and lung
function. Low levels of SOST are associated with lower
muscle mass. Our results also showed a trend with the
DLCO, thus suggesting that this biomarker may be associ-
ated with the emphysema phenotype. Importantly, low
SOST levels predicted exacerbations and hospitalizations
in COPD.

We studied a representative group of COPD outpatients
from our clinic and excluded the most important exogenous
factors known to modify SOST levels, such as kidney failure,
calcium metabolism diseases or drugs known to interfere
with bone metabolism. However, our cohort had a high prev-
alence of hypovitaminosis D and secondary hyperparathy-
roidism. The SOST levels were slightly higher in men, and a
significant positive correlation with age was observed, as
has been shown in the normal population'® and in other
diseases.*2° SOST levels also weakly correlated with BMI, a
classical but limited marker of fat mass that has controver-
sially been associated with SOST in the normal
population. '*%"22 An interesting finding in our study was the
significant positive correlation of SOST levels with FFMI, an
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Sclerostin (pmol/l)
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Non-frequent exacerbators

Fig. 3

important prognostic factor in COPD?* with an intrinsic asso-
ciation with lean mass. This finding, together with the asso-
ciation of SOST with DLCO, suggests that SOST is likely to be
associated with a particular COPD phenotype. Although the

|

phenotype.?*

1

Frequent exacerbators

Sclerostin levels in frequent and non-frequent exacerbators.

definition of COPD phenotypes varies among studies,?* SOST
has been associated with the multi-organ loss of tissue
(MOLT) COPD phenotype”® and the pulmonary cachexia

Table 2  Associations between chronic obstructive pulmonary disease characteristics and low sclerostin levels (sclerostin < 20
pmol/mL) using multivariate logistic regression.

B Wald P OR
Inferior Superior

Age 0.088 2.533 0.112 1.092 0.980 1.218
Sex (male) 0.183 0.052 0.819 1.200 0.251 5.743
Current smoker 0.253 0.124 0.724 1.288 0.315 5.269
Charlson —0.058 0.067 0.795 0.943 0.608 1.464
mMRC 0.006 0.000 0.989 1.006 0.428 2.366
FEV1 (% predicted) 0.008 0.208 0.648 1.008 0.975 1.042
High risk of exacerbation —0.263 0.141 0.708 0.768 0.194 3.044
DLCO (% predicted) 0.002 0.018 0.894 1.002 0.967 1.039
FFMI Kg/m? 0.661 8.379 0.004 1.936 1.238 3.028
6MWD (m) 0.004 1.106 0.293 1.004 0.997 1.011
Constant —19.351 13.555 0.000 0.000

FEV1= Forced expiratory Volume in the first second, mMRC= modified Medical Research Council Dyspnea score, High risk of exacerbation= 2
or more moderate exacerbations during previous year. DLCO= Diffusing Capacity of Carbon Monoxide, FFMI= Fat Free Mass Index, 6MWD= 6

Minute Walking Test Distance, Low sclerostin =
Bold font indicates statistical significance.

sclerostin < 20 pmol/mL.
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Fig. 4 The curve representation for COPD exacerbation events as “cumulative survival from COPD exacerbation events” (on the
y axis) during 365 days of follow-up (on x axis) comparing low Sclerostin patients versus the rest of the patients. Cox regression
adjusted for age, sex, smoking status, Charlson index, modified Medical Research Council dyspnea score, FEV1 (predicted %), and

high risk of exacerbation.

We can only speculate about the possible causes and
effects of low SOST in COPD. SOST is associated with muscle
mass and exercise performance. SOST is accepted to be a
myokine -a molecule produced by muscle and secreted dur-
ing exercise.?® We found that SOST and FFMI were positively
associated in patients with COPD; therefore, lower levels of
circulating SOST might reflect sarcopenia. Other factors

potentially involved in low SOST levels are inhaled glucocor-
ticoid therapy and the association of low levels of vitamin D
and high levels of PTH,” 2 although we did not find this asso-
ciation in our cohort. Regarding the effects of low levels of
circulating SOST, one possible deleterious consequence in
both the bronchi and lung parenchyma is that the Wnt path-
way effect is not sufficiently downregulated, thus further

Table 3  Cox regression analysis of predictors of COPD exacerbation.
B Wald P HR 95% IC
Inferior Superior

Age 0.013 0.431 0.511 1.013 0.975 1.052
Sex 0.600 3.517 0.061 1.822 0.973 3.410
Current Smoker 0.426 2.008 0.156 1.530 0.850 2.757
Charlson 0.011 0.025 0.874 1.012 0.878 1.165
mMRC —0.124 0.513 0.474 0.884 0.630 1.239
FEV1 (% predicted) —0.010 1.519 0.218 0.990 0.975 1.006
High risk of exacerbation —0.415 1.624 0.203 0.660 0.349 1.250
Low Sclerostin —0.701 5.734 0.017 2.015 1.136 3.577

FEV1= Forced Expiratory Volume in the first second, mMRC= modified Medical Research Council Dyspnea score, High risk of exacerbation= 2
or more exacerbations during previous year, Low sclerostin = sclerostin < 20 pmol/L.

Bold font indicates statistical significance.
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The curve representation for COPD hospitalization events as “cumulative survival from COPD exacerbation events” (on the

y axis) during 365 days of follow-up (on x axis) comparing low Sclerostin patients versus the rest of the patients. Cox regression
adjusted for age, sex, smoking status, Charlson index, modified Medical Research Council dyspnea score, FEV1 (predicted %), and pre-

vious admission.

diminishing lung function. This finding may explain the posi-
tive correlations with FVC, FEV1, DLCO and SOST.

Regarding bone metabolism, we observed a significant
negative correlation of SOST levels with g-Crosslaps and a
trend with PINP. These results are consistent with the physi-
ological function of SOST. Furthermore the B-Crosslaps and
P1NP levels correlated positively, thus suggesting the exis-
tence of coupling between bone destruction (B-Crosslaps)

and formation (P1NP). Similar degrees of correlation
between SOST and bone remodelling markers have been
found in other situations.?’

Finally, we found that the group of patients with SOST in
the lowest tertile had greater risk of exacerbation and hospi-
talization. This finding might be explained by the lack of
inhibition of the Wnt pathway in patients with lower levels
of SOST, thus favouring the dysfunction of bronchial

Table 4 Cox regression analysis of predictors of hospitalization due to COPD exacerbation.

B Wald P HR 95% IC
Inferior Superior
Age 0.053 1.704 0.192 1.054 0.974 1.142
Sex (male) -1.333 3.589 0.058 0.264 0.066 1.047
Current smoker —0.006 0.000 0.992 0.994 0.321 3.074
Charlson —0.092 0.599 0.439 0.912 0.723 1.151
mMRC 0.421 1.832 0.176 1.524 0.828 2.803
FEV1 (% predicted) —0.030 2.093 0.148 0.971 0.932 1.011
Previous admission 1.607 6.663 0.010 4.990 1.472 16.911
Low sclerostin 1.637 5.954 0.015 5.142 1.380 19.158

FEV1= Forced expiratory Volume in the first second, mMRC= modified Medical Research Council Dyspnea score, Low sclerostin = sclerostin

< 20 pmol/mL.
Bold font indicates statistical significance.



C.A. Amado, M. Garcia-Unzueta, J. Agliero et al.

epithelium and immunity."" Furthermore, low levels of mus-
cle mass are associated with exacerbations.*

Our study has several limitations. First, this was a single
centre study; therefore, these results should be replicated
in larger multicentre studies in patients with normal levels
of 25(0OH)D and PTH, because our population had a high
prevalence of hypovitaminosis D. Moreover, our study
reveals only associations but not causality. Specifically
designed studies are necessary to demonstrate causality.
Nonetheless, this question has potentially important clinical
repercussions, because the antiosteoporotic agent romoso-
zumab (an antibody blocking SOST) may potentially induce
COPD deterioration, whereas a SOST agonist could inhibit
COPD deterioration.

The main strengths of our study are its specific design for
evaluating the possible effect of SOST on COPD exacerba-
tions in a group of well-selected, well-characterized
patients without diseases or drugs that could have altered
the results, and the wide evaluation of bone metabolism as
well as important COPD characteristics.

Conclusion

In conclusion, our study provides the first evidence that SOST
is associated with several clinical outcomes in COPD, may be
associated with emphysema phenotype, and may have a role
as a biomarker to evaluate the risk of exacerbation and hos-
pitalization in COPD. Further studies in other populations
are needed to evaluate the potential therapeutic aspects
that may be derived from these findings.

Author contributions

Conceptualization: C.A.A., M.G.U. Data curation: P.F, S.T.
M., C.A.A., C.V,, A.B. Formal analysis: P.M. Project adminis-
tration: C.A.A., P.M. Methodology: C.A.A., M.G.U., B.A.L.,
A.R.G., C.C., S.T., A.B. Resources: C.A.A., J.A.,S.T., P.F.,, P.
M., C.V. Visualization: C.A.A. Supervision: M.G.U., P.M. Soft-
ware: P.M. Writing original draft: C.A.A., C.C. Writing review
and editing: C.A.A., S.T., PF,, J.A., M\.G.U., B.A.L., ARG, PM,
CC.

Statement of Ethics

This study complies with internationally accepted standards
for research practice and reporting. The study was approved
by the Ethics Committee of our institution (2017.035). All
patients provided written informed consent to participate in
this study.

Declaration of interests

None.

520

Funding

This study was funded by the Instituto de Investigacién Sani-
taria of Cantabria (IDIVAL).

References

1. Mathers CD, Loncar D. Projections of global mortality and bur-
den of disease from 2002 to 2030. PLoS Med. 2006;3(11):e442.
Soler-Cataluna JJ, Martinez-Garcia MA, Roman Sanchez P, Sal-
cedo E, Navarro M, Ochando R. Severe acute exacerbations and
mortality in patients with chronic obstructive pulmonary dis-
ease. Thorax. 2005;60(11):925-31.

. Spencer S, Jones PW, GLOBE Study Group. Time course of recov-
ery of health status following an infective exacerbation of
chronic bronchitis. Thorax. 2003;58(7):589—-93.

. Amado CA, Garcia-Unzueta MT, Lavin BA, et al. The ratio serum
creatinine/Serum cystatin C (a Surrogate Marker of Muscle
Mass) as a predictor of hospitalization in chronic obstructive
pulmonary disease outpatients. Respiration. 2019;97(4):302—9.

. Thomsen M, Ingebrigtsen TS, Marott JL, Dahl M, Lange P, Vestbo
J, Nordestgaard BG. Inflammatory biomarkers and exacerba-
tions in chronic obstructive pulmonary disease. JAMA. 2013;309
(22):2353-61.

. Leitao Filho FS, Ra SW, Mattman A, et al. Serum IgG subclass
levels and risk of exacerbations and hospitalizations in patients
with COPD. Respir Res. 2018;19(1):30.

. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy for
the diagnosis, management, and prevention of chronic obstruc-
tive lung disease 2017 report: GOLD Executive Summary. Eur
Respir J. 2017(3):49.

. Costa AG, Cremers S, Bilezikian JP. Sclerostin measurement in
human disease: validity and current limitations. Bone.
2017;96:24-8.

. Tanaka S, Matsumoto T. Sclerostin: from bench to bedside. J
Bone Miner Metab. 2021;39(3):332—-40.

. Weivoda MM, Youssef SJ, Oursier MJ. Sclerostin expression and
functions beyond the osteocyte. Bone. 2017;96:45—50.

. Carlier FM, Dupasquier S, Ambroise J, et al. Canonical WNT
pathway is activated in the airway epithelium in chronic
obstructive pulmonary disease. EBioMedicine. 2020;61:103034.

. Amrein K, Amrein S, Drexler C, et al. Sclerostin and its associa-
tion with physical activity, age, gender, body composition, and
bone mineral content in healthy Adults. J Clin Endocrinol
Metab. 2012;97(1):148—-54.

. Gunsser J, Hermann R, Roth A, Lupp A. Comprehensive assess-
ment of tissue and serum parameters of bone metabolism in a
series of orthopaedic patients. PLoS One. 2019;14(12):
e0227133.

. Wyskida K, Franik G, Owczarek AJ, et al. Plasma sclerostin lev-
els are associated with nutritional status and insulin resistance
but not hormonal disturbances in women with polycystic ovary
syndrome. Arch Gynec Obst. 2020;302(4):1025—31.

. Amado CA, Munoz P, Garcia-Unzueta M, et al. High parathyroid
hormone predicts exacerbations in COPD patients with hypovi-
taminosis D. Respir Med. 2021;182:106416.

. Garcia-Rio F, Calle M, Burgos F, et al. Spirometry. Spanish Soci-
ety of Pulmonology and Thoracic Surgery (SEPAR). Arch Bronco-
neumol. 2013;49(9):388—-401.

. Hankinson J, Jensen R, McKay R, et al. Standardization of the
single-breath determination of carbon monoxide uptake in the
lung. Eur Respir J. 2005;26(4):720—35.

. Barreiro E, Bustamante V, Cejudo P, et al. SEPAR. Guidelines for
evaluation and treatment of muscle dysfunction in patients
with chronic obstructive pulmonary disease. Arch Bronconeu-
mol. 2015;51(8):384—95.

2.


http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0004
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0004
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0004
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0004
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0004
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0008
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0008
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0008
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0008
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0009
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0009
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0009
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0010
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0010
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0010
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0011
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0011
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0011
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0012
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0012
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0012
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0012
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0012
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0013
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0013
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0013
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0013
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0014
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0014
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0014
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0014
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0014
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0015
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0015
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0015
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0015
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0016
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0016
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0016
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0016
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0017
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0017
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0017
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0017
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0018
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0018
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0018
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0018
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0018

Pulmonology 30 (2024) 512521

19.

20.

21.

22.

Moriwaki K, Matsumoto H, Tanishima S, et al. Association of
serum bone- and muscle-derived factors with age, sex, body
composition, and physical function in community-dwelling mid-
dle-aged and elderly adults: a cross-sectional study. BMC Muscu-
loskelet Disord. 2019;20(1):276.

Amrein K, Amrein S, Drexler C, et al. Sclerostin and its associa-
tion with physical activity, age, gender, body composition, and
bone mineral content in healthy adults. J Clin Endocrinol
Metab. 2012;97(1):148—54.

Grethen E, Hill KM, Jones RM, et al. Serum leptin, parathyroid
hormone, 1,25-dihydroxyvitamin D, fibroblast growth factor 23,
bone alkaline phosphatase, and sclerostin relationships in obe-
sity. J Clin Endocrinol Metab. 2012;97(5):1655—62.

Durosier C, van Lierop A, Ferrari S, Chevalley T, Papapoulos S,
Rizzoli R. Association of circulating Sclerostin with bone mineral
mass, microstructure, and turnover biochemical markers in
healthy elderly men and women. J Clin Endocrinol Metab.
2013;98(9):3873-83.

521

23.

24.

25.

26.

27.

Schols AM, Broekhuizen R, Weling-Scheepers CA, Wouters EF.
Body composition and mortality in chronic obstructive pulmo-
nary disease. Am J Clin Nutr. 2005;82(1):53—9.

Corlateanu A, Mendez Y, Wang Y, Garnica RJA, Botnaru V,
Siafakas N. Chronic obstructive pulmonary disease and phe-
notypes: a state-of-the-art. Pulmonology. 2020;26(2):
95-100.

Celli BR, Locantore N, Tal-Singer R, et al. Emphysema and
extrapulmonary tissue loss in COPD: a multi-organ loss of tissue
phenotype. Eur Respir J. 2018;51(2):1702146.

Magaro MS, Bertacchini J, Florio F, et al. Identification of sclero-
stin as a putative new myokine involved in the Muscle-to-Bone
Crosstalk. Biomedicines. 2021;9(1):71.

Garnero P, Sornay-Rendu E, Munoz F, Borel O, Chapurlat RD.
Association of serum sclerostin with bone mineral density, bone
turnover, steroid and parathyroid hormones, and fracture risk
in postmenopausal women: the OFELY study. Osteoporos Int.
2013;24(2):489—-94.


http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0019
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0019
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0019
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0019
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0019
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0020
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0020
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0020
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0020
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0020
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0021
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0021
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0021
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0021
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0021
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0022
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0022
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0022
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0022
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0022
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0022
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0023
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0023
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0023
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0023
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0024
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0024
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0024
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0024
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0024
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0025
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0025
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0025
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0026
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0026
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0026
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0026
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0027
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0027
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0027
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0027
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0027
http://refhub.elsevier.com/S2531-0437(22)00131-3/sbref0027

	Associations of serum sclerostin levels with body composition, pulmonary function, and exacerbations in COPD patients
	Introduction
	Methods
	Participants
	Measurements
	Statistical analysis

	Results
	Characteristics of the patients
	SOST correlations
	Predictors of SOST levels
	SOST and exacerbations

	Discussion
	Conclusion
	Author contributions
	Statement of Ethics
	Declaration of interests
	Funding
	References


