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Abstract

Background: Chronic obstructive pulmonary disease is associated with systemic manifestations, including
skeletal muscle loss, altered body composition, and impaired bone metabolism.

Objective: To determine serum sclerostin levels and assess their association with body composition, lung function,
and exacerbations among patients with COPD.

Methods: This analytical cross-sectional study was conducted at Naseer Teaching Hospital Peshawar from May
2024 to May 2025 included 145 clinically stable patients with COPD. Demographic and clinical characteristics,
smoking history, exacerbations during the preceding 12 months, and hospitalizations were recorded.

Results: The mean age of participants was 62.7 + 8.9 years, and 108 (74.5%) were male. The mean serum
sclerostin level was 41.8 £+ 13.7 pmol/L. Sclerostin levels decreased significantly across mild, moderate, severe,
and very severe COPD groups from 52.6 £ 11.4 to 30.8 + 10.3 pmol/L (p < 0.001). Patients with reduced fat-free
mass index had lower sclerostin levels than those with preserved fat-free mass index (34.7 = 11.2 vs 46.8 £ 12.9
pmol/L, p < 0.001). Frequent exacerbators also had lower levels than non-frequent exacerbators (33.9 + 10.8 vs
47.2 £13.1 pmol/L, p <0.001).

Conclusion: Lower serum sclerostin levels were associated with reduced lean body mass, poorer pulmonary
function, greater COPD severity, and increased exacerbation burden. Serum sclerostin may serve as a potential
biomarker of systemic musculoskeletal involvement and adverse clinical outcomes in COPD.
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Introduction depletion as patients with normal or elevated BMI
Chronic obstructive pulmonary disease (COPD) is a can have a significant loss of lean mass. Sarcopenia
heterogeneous lung disease with chronic respiratory has been linked to decreased pulmonary function,
symptoms and airflow limitation due to increased airflow limitation, reduced exercise
abnormalities of the airways and alveoli. COPD has capacity, prolonged hospital stay, and mortality,
historically been thought of as a pulmonary disease, among COPD patients [2,3]. The results of this study
but it now has been identified as a systemic disease indicate that there is a need for greater research into
with associated skeletal muscle dysfunction, a the biological mechanisms that link lung
change in body composition, osteoporosis, dysfunction to musculoskeletal deterioration [4].

cardiovascular disease, metabolic abnormalities, The association of skeletal muscle loss with poor
and decreased functional capacity [1]. In some cases bone health in COPD is probably multifactorial.
these extrapulmonary manifestations are also severe Chronic systemic inflammation, physical inactivity,
enough to cause exercise intolerance, decreased smoking, hypoxemia, nutritional deficiencies, aging,
quality of life, frequent hospitalizations and death, corticosteroid use and recurrent exacerbations can
and in some patients they are not related to the extent all contribute to the dysfunction of muscle, bone,
of airflow obstruction. Body composition changes and pulmonary function. There is growing evidence
are common in COPD and can involve sarcopenia, a that the bone-skeletal muscle relationship is also
decrease in fat-free mass, central obesity, and weight mediated by biologically active molecules called
loss, as well as sarcopenic obesity [2]. BMI may not "osteokines" and "myokines [5]. The muscle-bone
be a sensitive indicator of actual skeletal muscle cross-talk might be related to the parallel

IJDDT Volume 16 Issue 76s 2026 Page: 1542



Serum Sclerostin Levels and Their Association with Body Composition, Lung Function, and Exacerbations in
COPD Patients

progression of sarcopenia and osteoporosis and
might serve as markers of systemic disease activity
in COPD [4,5]. The SOST gene encodes the
glycoprotein sclerostin, which is mainly secreted by
osteocytes. It blocks the canonical Wnt/B-catenin
signaling pathway by inhibiting the interaction of
low-density lipoprotein receptor-related proteins 5
and 6 with Wnt proteins, which helps to prevent
osteoblast differentiation and bone formation [6].
But sclerostin is now known to have more functions
than just as a marker of skeletal metabolism. It is
suggested that its circulating level corresponds to
muscle mass, adiposity, physical activity, metabolic
status, and the communication between bone and
skeletal muscle. The properties of serum sclerostin
make it a potentially relevant biomarker in COPD,
where abnormalities of bone, muscle, and body
composition are common [7].

Recently, there has been interest in the relationship
of sclerostin to outcomes in the lungs. Serum
sclerostin ~ levels correlated with  several
measurements of body composition and lung
function in 139 stable COPD outpatients. Patients
with lower concentrations of sclerostin had worse
pulmonary function, lower fat-free mass index,
higher exacerbation and hospitalization rates, and
lower exercise capacity. Decreased serum sclerostin
also was found to be a possible predictor of
subsequent exacerbations of COPD [8]. The present
results indicate that sclerostin in the circulation may
be a result of interactions between skeletal integrity,
muscle loss, functional deficits, and severity of
respiratory disease. However, there is still limited
evidence available, and the relationship of these
factors may be age- and sex dependent, as well as
affected by renal function, physical activity,
corticosteroid use, bone mineral density, and disease
severity [9]. Acute exacerbations are a crucial
component of the natural history of COPD as they
exacerbate symptoms, speed up functional decline
and result in greater use of health care services and
put patients at risk of further hospitalisation and
mortality [10]. Current clinical markers are not
sufficient to explain why some patients have more
exacerbations than others with a similar level of
airflow limitation. Thus, biomarkers which reflect
both systemic alterations of muscle, fat and bone and
pulmonary dysfunction would be useful for clinical
phenotyping and risk stratification [11].

Objective

To measure serum sclerostin levels and investigate
the relationships between sclerostin levels,
exacerbation and body composition in COPD
patients.

Methodology

This analytical cross-sectional study was conducted
at Naseer Teaching Hospital Peshawar from May
2024 to May 2025. The number of patients who
participated in the study was 145, determined by a
non-probability consecutive sampling.The study
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revealed a total number of 145 patients with
confirmed diagnosis of chronic obstructive
pulmonary disease, which were enrolled using non-
probability consecutive sampling technique. Those
who attended the pulmonary out-patient department
or were admitted for routine assessment were
screened based on pre-defined inclusion and
exclusion criteria. The patients were included if they
were 40 years or older with a diagnosis of COPD
confirmed by post-bronchodilator spirometry with
FEV/FVC ratio less than 0.70, regardless of gender.
Patients were included if there had been no acute
exacerbation of the disease in the last four weeks.
Patients who had bronchial asthma, active
pulmonary tuberculosis, interstitial lung disease,
bronchiectasis, lung malignancy, acute respiratory
infection, chronic kidney disease, thyroid or
parathyroid disorders, known metabolic bone
disease, or were currently taking anti-sclerostin
therapy were excluded. There were also exclusion
criteria for patients taking bisphosphonates,
denosumab, long-term systemic corticosteroids, or
other drugs significantly affecting bone metabolism.
Data Collection Procedure

Each participant gave written informed consent after
approval by the institutional ethical review
committee. A structured data collection form was
used to obtain the demographic and clinical data.
Data recorded comprised age, gender, smoking
status, number of pack-years, COPD duration,
presence of comorbidities, current medications,
oxygen use, exacerbation number, number of visits
to the emergency department and hospital
admissions in the previous 12 months. COPD
exacerbation was defined as an acute deterioration
of respiratory symptoms beyond normal diurnal
fluctuations that needed antibiotics, systemic
corticosteroids, an emergency department visit, or
hospitalisation. Patients who reported having two or
more moderate exacerbations or at least one
exacerbation that was hospitalized in the last 12
months were classified as frequent exacerbators.
The digital scale was used for measuring body
weight, and a stadiometer was used for measuring
height, which was mounted on the wall. BMI (kg/m2)
was computed by dividing weight (kg) by height
(m2). Body composition was determined by
bioelectrical impedance analysis (BIA) using a
standard device (BTA 200). Body fat percentage, fat
mass, fat-free mass, skeletal muscle mass, visceral
fat level and total body water were assessed. The fat-
free mass index was determined as the fat-free mass
(kg) divided by height (m2). Participants were
measured while wearing light clothing and were
barefoot. Participants were instructed not to eat too
much before the test, not to drink too much, and not
to drink alcohol or exercise before the test.
Pulmonary Function Assessment

All pulmonary function tests were measured by a
calibrated spirometer with trained staff. Spirometry
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was done before and 15 minutes after giving an
inhaled  short-acting  bronchodilator. ~ Post-
bronchodilator FEV1, FVC, FEV1/FVC, FEV1%
predicted and FVC% predicted were obtained.
Airflow Limitation was classified as mild, moderate,
severe and very severe based on the percentage
predicted FEV1 after bronchodilation. Three or
more technically acceptable spirometric
manoeuvres were obtained and the technically best
value(s) were used for analysis.

Serum Sclerostin Measurement

Fasting venous blood was drawn from each subject
aseptically in about 5 mL. The sample was left to
clot and then centrifuged at around 3000 revolutions
per minute for 10 minutes. The separated serum was
aliquoted and stored at —80°C for biochemical
analysis. Serum sclerostin concentration was
assessed by an enzyme-linked immunosorbent assay
kit (ELISA) according to the manufacturer's
instructions. Each sample was analysed twice, and
the average value used in the final analysis. Kit
manufacturer, kit catalogue no., detection range,
intra-assay and inter-assay coefficient of variations
were recorded. Patients having COPD served as the
primary  outcome, and serum  sclerostin
concentration was measured in these patients.
Secondary outcomes were its association with body
mass index, fat mass, fat-free mass, skeletal muscle
mass, fat-free mass index, post-bronchodilator FEV1,
FVC, FEV/FVC ratio, COPD severity and
exacerbation frequency in the preceding 12 months.
Statistical Analysis

IBM SPSS Statistics version 26 was used for
entering and analysing the data. The Shapiro—Wilk
test was used to test continuous variables for
normality. Variables with normal distribution were
presented as mean + standard deviation and those
that did not follow a normal distribution were
reported as median and interquartile range.
Categorical variables were summarized in terms of
frequencies and percent. A p value of < 0.05 with
two tails was deemed statistically significant.
Results

The study included 145 patients with COPD, with a
mean age of 62.7 & 8.9 years. Most participants were
male (74.5%), while 25.5% were female. Former
smokers constituted the largest group (52.4%),
followed by current smokers (36.6%) and never
smokers (11.0%), with a mean smoking exposure of
38.9 + 18.7 pack-years. The mean duration of COPD
was 7.3 + 4.1 years. The mean body mass index was
24.6 +4.5 kg/m?, while mean fat mass, fat-free mass,
skeletal muscle mass, and fat-free mass index were
20.8 + 7.4 kg, 46.2 £ 8.8 kg, 24.9 + 5.3 kg, and 16.8
+ 2.6 kg/m?, respectively. Mean post-bronchodilator
FEV: was 51.9 + 18.6% predicted, FVC was 69.4 +
17.2% predicted, and the FEV/FVC ratio was 0.54
+0.09.

Table 1. Baseline demographic and clinical
characteristics of COPD patients (n = 145)

Variable Category | n (%) / Mean
+SD
Age (years) Overall 62.7+ 8.9
Gender Male 108 (74.5)
Female 37 (25.5)
Smoking status Current 53 (36.6)
smoker
Former 76 (52.4)
smoker
Never 16 (11.0)
smoker
Smoking Overall 38.9+18.7
exposure (pack-
years)
Duration of | Overall 73+4.1
COPD (years)
Body mass index | Overall 246+45
(kg/m?)
Fat mass (kg) Overall 20874
Fat-free mass | Overall 46.2 £8.8
(kg)
Skeletal muscle | Overall 249+53
mass (kg)
Fat-free mass | Overall 16.8 £2.6
index (kg/m?)
Post- Overall 51.9+£18.6
bronchodilator
FEV, (%
predicted)
Post- Overall 69.4+17.2
bronchodilator
FVC (%
predicted)
FEV/FVCratio | Overall 0.54 +0.09
Exacerbations Overall 1.7£1.3
during previous
year
Frequent Yes 59 (40.7)
exacerbator
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No 86 (59.3)

Serum sclerostin | Overall 41.8+13.7

(pmol/L)

Serum sclerostin levels decreased significantly with
increasing COPD severity, from 52.6 + 11.4 pmol/L
in mild disease to 45.1 = 12.0 pmol/L in moderate,
37.9+ 11.8 pmol/L in severe, and 30.8 + 10.3 pmol/L
in very severe COPD (F=16.82, p <0.001). Patients
with reduced fat-free mass index had significantly
lower sclerostin levels than those with preserved fat-
free mass index (34.7 = 11.2 vs 46.8 = 12.9 pmol/L;
t=5.77, p <0.001). Frequent exacerbators also had
lower levels than non-frequent exacerbators (33.9 +
10.8 vs 47.2 £ 13.1 pmol/L; t=6.42, p <0.001).
Table 2. Serum sclerostin levels according to
clinical characteristics

Variable | Categ | n | Seru | Test | p-
ory m stati | valu
sclero | stic e
stin
(pmol
/L),
Mean
+SD

COPD Mild |2 |526+x|F =|<0.0
severity 4 |11.4 16.8 | 01

Mode |5 | 451+
rate 1 12.0

Sever | 4 | 379 =+
e 6 11.8

Very 2 1308+
severe | 4 10.3

Fat-free Reduc |5 347t =1<0.0
mass ed 8 11.2 5.77 | 01
index

Preser | 8 | 46.8 +
ved 7 12.9

Frequent | Yes 5 1339+t =]<0.0
exacerbat 9 10.8 6.42 | 01
or

No 8 | 472+

6 | 13.1
Hospitali | Yes 4 |328+|t =]<0.0
zation 8 110.7 6.22 | 01

during
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previous
year

No 9 463 =+

7 | 13.0
Long- Yes 3 |3l6+|t =]<0.0
term 1 |98 542 |01
oxygen
therapy

No 11 | 44.6 £
4 | 135

Serum sclerostin showed significant positive
correlations with fat-free mass (r = 0.417), skeletal
muscle mass (r = 0.452), fat-free mass index (r =
0.486), FEV! percentage predicted (r = 0.548), FVC
percentage predicted (r = 0.391), and FEV/FVC
ratio (r = 0.436), with all p-values < 0.001. In
contrast, sclerostin was inversely correlated with
COPD duration (r = —0.276, p = 0.001), smoking
exposure (r = —0.231, p = 0.005), number of
exacerbations (r = —0.512, p < 0.001), and hospital
admissions (r = —0.461, p < 0.001). No significant
association was observed with body mass index (r =
0.124, p = 0.137) or fat mass (r = 0.098, p = 0.241).
Table 3. Correlation of serum sclerostin with
body composition, lung function, and
exacerbation-related variables

Variable Correlation | p-value
coefficient
(r)
Body mass | 0.124 0.137
index
Fat mass 0.098 0.241
Fat-free mass 0417 <0.001
Skeletal 0.452 <0.001
muscle mass
Fat-free mass | 0.486 <0.001
index
FEV. (% | 0.548 <0.001
predicted)
FVC (% | 0.391 <0.001
predicted)
FEV/FVC 0.436 <0.001
ratio
COPD -0.276 0.001
duration
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Smoking —0.231 0.005 FEV: (% | 0.24 0.33 0.1 | <0.0
exposure predicte 4to | 01
d) 0.3
Number of | —0.512 <0.001 4
exacerbations
COPD —-0.22 —-0.07 —0. | 0.26
Num.ber of | —0.461 <0.001 duration 61 |8
hOSp.lta.l (years) to
admissions 0.1
Each 1 kg/m? increase in fat-free mass index was 7
associated with a 1.31 pmol/L increase in sclerostin
(95% CI: 0.63-1.99, f.? < 0.001), while each 1% Number | =2.67 ~029 3. <00
increase in FEV: predicted was associated with a of 86 | 01
0.24 pmol/L increase (95% CI: 0.14-0.34, p <0.001). exacerba to
Conversely, each additional exacerbation was tions -1.
associated with a 2.67 pmol/L reduction in serum 48
sclerostin (95% CI: —3.86 to —1.48, p < 0.001). Age,

gender, smoking exposure, body mass index, and
COPD duration were not independently significant.
Table 4. Multivariable linear regression analysis
of factors associated with serum sclerostin levels

Variable | Unstanda | Standar | 95 | p-
rdized dized p % | valu
coefficient CI |e
B) for

B
Age —0.09 —0.06 —0. | 0.34
(years) 28 |2
to
0.1
0

Male 1.72 0.05 -2. 1040

gender 31 |0

to
5.7
5

Smoking | —0.06 —0.08 —0. | 0.17

exposure 15 |6

(pack- to

years) 0.0

3

Body 0.18 0.06 —0. | 033

mass 19 |8

index to

(kg/m?) 0.5

5

Fat-free | 1.31 0.25 0.6 | <0.0

mass 3to | 01

index 1.9

(kg/m?) 9
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Discussion

This  study examined serum  sclerostin
concentrations and their correlations with body
composition, pulmonary function and exacerbation
burden in 145 patients with stable COPD. The main
conclusion was that sclerostin levels in the serum
decreased as airflow limitation worsened. Patients
with low FFM index, frequent exacerbations,
previous hospitalization and long term oxygen use
also had lower concentrations of sclerostin.
Moreover, sclerostin levels were positively
associated with measures of lean body mass and
spirometry, and negatively associated with
exacerbation frequency, hospital admissions,
duration of COPD, and cumulative smoking
exposure. In the current cohort, the mean serum
sclerostin level was 41.8 + 13.7 pmol/L, with
patients having mild COPD exhibiting significantly
higher concentrations compared to patients with
very severe COPD, and serum sclerostin exhibiting
a moderately strong positive correlation with FEV1 %
predicted [12]. The results indicate that lower
sclerostin levels in blood are correlated with the
worsening of pulmonary function. Previous studies
of stable COPD patients also showed that sclerostin
levels in serum were related to lung function and that
decreased sclerostin levels were seen in patients
with more severe respiratory failure [1]. The exact
biological explanation is not known, but severe
COPD is associated with physical inactivity, chronic
hypoxia, systemic inflammation, corticosteroid use
and altered mechanical loading, which may affect
osteocyte activity and Wnt signalling [13,14].
Fat-free mass, skeletal muscle mass and fat-free
mass index were also positively correlated with
serum sclerostin. Concentrations were significantly
lower in patients with low FFMI than in patients
with normal FFMI. This further suggests that
sclerostin may be a sign of bone—muscle interaction,
not just bone metabolism. Loss of fat-free mass is
associated with impaired lung function, limited
physical capacity, hospitalisation and poor prognosis
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in previous COPD studies [15]. Longitudinal data
further suggest that patients with COPD may lose
fat-free mass, which is especially the case when they
have a history of hospitalization [4]. The positive
correlation between sclerostin and lean mass in the
present study is in line with the study of older
individuals, which demonstrated that higher levels
of sclerostin were related to decreased risk of
sarcopenia, low muscle mass and muscle weakness
[16]. But the tie with that's not yet finalized. Other
studies have found an inverse relationship between
sclerostin (after adjustment for bone mass and fat
mass) and skeletal muscle mass [17]. The seemingly
contradictory results suggest that serum sclerostin
might have different effects based on age, sex, renal
function, physical activity, skeletal loading, bone
turnover, and disease. It should, therefore, not be
viewed as a direct measure of muscle mass at this
point, but with these confounding factors [18].

Body mass index and fat mass were however not
associated with serum sclerostin. The difference is
important  clinically because BMI doesn't
differentiate between fat tissue and skeletal muscle.
This means that the patient can consequently have a
normal BMI or even high BMI despite significant
muscle loss. Other studies have also noted that
having a low fat-free mass index can be seen in all
BMI classifications and can detect functional
impairment not detected by body weight [19]. The
results corroborated the use of direct body
composition assessment in addition to body mass
index (BMI) in the assessment of systemic
manifestations of COPD. The serum level of
sclerostin was significantly lower in the frequent
exacerbators than the non-frequent exacerbators,
and there was a strong inverse correlation between
exacerbation frequency and sclerostin. An adjusted
analysis revealed that every 5 pmol/L rise in serum
sclerostin was linked to a 22% decrease in the
likelihood of being in the frequent-exacerbator
group. This is consistent with earlier studies that low
levels of sclerostin were associated with an
increased risk of exacerbation of COPD and
hospitalization [20]. Exacerbations can play a role in
lowering sclerostin levels due to a decrease in
activity, systemic inflammation, hypoxia, nutritional
issues, and accelerated muscle and bone loss. On the
other hand, low sclerostin can help determine
patients with more advanced systemic dysfunction
who are already more susceptible to exacerbations.
The current study was observational in nature, so it
is not possible to conclude as to the direction of this
relationship. Results have several clinical
implications. Measurement of sclerostin in serum
along with spirometry and body composition may be
useful in identifying COPD patients with more
extensive systemic involvement and increased risk
for exacerbation. Dietary assessment, resistance
training, pulmonary rehab, bone health evaluation,
smoking cessation, and increased monitoring may
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be helpful for these patients. Routine clinical use is,
however, not recommended at present due to a lack
of assay standardization, clinically relevant
thresholds, biological variability, and renal and bone
disease effects. The study was limited in that it was
cross-sectional and therefore was not representative
of cause and effect. The incidence of exacerbations
was assessed retrospectively but may have been
influenced by recall or documentation bias. Body
composition was also not assessed by using dual-
energy X-ray absorptiometry, and bone mineral
density, physical activity, vitamin D, parathyroid
hormone, inflammatory markers and bone-turnover
markers were not measured. Limitations of
generalizability could be attributed to the one-centre
context and the relatively small sample size. The
study was therefore limited, but also assessed the
serum level of sclerostin, body composition,
spirometry, and clinically relevant exacerbation
outcomes.
Conclusion
Reduced fat-free mass, less lung function, increasing
COPD severity, and increased exacerbation and
hospitalization rates were all correlated with lower
levels of sclerostin. Fat-free mass index, FEV:
percentage predicted, and exacerbation burden were
still independently correlated with serum sclerostin.
Based on these findings, serum sclerostin could be a
useful systemic musculoskeletal biomarker and a
predictor of adverse clinical outcomes in COPD.
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