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fractures and low bone density in patients
with chronic obstructive pulmonary disease
(COPD)
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Abstract

Background Patients with COPD are often affected by loss of bone mineral density (BMD) and osteoporotic fractures.
Natriuretic peptides (NP) are known as cardiac markers, but have also been linked to fragility-associated fractures

in the elderly. As their functions include regulation of fluid and mineral balance, they also might affect bone metabo-
lism, particularly in systemic disorders such as COPD.

Research question We investigated the association between NP serum levels, vertebral fractures and BMD assessed
by chest computed tomography (CT) in patients with COPD.

Methods Participants of the COSYCONET cohort with CT scans were included. Mean vertebral bone density on CT
(BMD-CT) as a risk factor for osteoporosis was assessed at the level of TH12 (Al-Rad Companion), and vertebral com-
pression fractures were visually quantified by two readers. Their relationship with N-terminal pro-B-type natriuretic
peptide (NT-proBNP), Mid-regional pro-atrial natriuretic peptide (MRproANP) and Midregional pro-adrenomedullin
(MRproADM) was determined using group comparisons and multivariable analyses.

Results Among 418 participants (58% male, median age 64 years, FEV, 59.6% predicted), vertebral fractures in TH12
were found in 76 patients (18.1%). Compared to patients without fractures, these had elevated serum levels (p <0.005)
of MRproANP and MRproADM. Using optimal cut-off values in multiple logistic regression analyses, MRproANP lev-
els>65 nmol/I (OR 2.34; p=0.011) and age (p=0.009) were the only significant predictors of fractures after adjustment
for sex, BMI, smoking status, FEV,% predicted, SGRQ Activity score, daily physical activity, oral corticosteroids, the diag-
nosis of cardiac disease, and renal impairment. Correspondingly, MRproANP (p <0.001), age (p=0.055), SGRQ Activity
score (p=0.061) and active smoking (p=0.025) were associated with TH12 vertebral density.
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Interpretation MRproANP was a marker for osteoporotic vertebral fractures in our COPD patients from the COSY-
CONET cohort. Its association with reduced vertebral BMD on CT and its known modulating effects on fluid and ion
balance are suggestive of direct effects on bone mineralization.

Trial registration ClinicalTrials.gov NCT01245933, Date of registration: 18 November 2010.

Introduction

Among the reported multimorbidity found in patients
with chronic obstructive pulmonary disease (COPD),
osteoporosis is quite common [1-4]. This is partially
related to the advanced age of many COPD patients [1],
tobacco smoking [2, 5], and the treatment of acute exac-
erbations with systemic corticosteroids [6] which are
known to promote the development of osteoporosis [7].
Inhaled corticosteroids might also play a role [8], and
systemic inflammation could act as an additional risk fac-
tor. Although dual-energy X-ray absorptiometry (DXA)
is the gold standard for determining bone mineral den-
sity (BMD) [5], there are also techniques for quantitative
estimation based on the X-ray attenuation on routine CT
scans (BMD-CT in Hounsfield-Units/HU) [9-11]. The
presence of fractures can be detected based on semi-
quantitative or quantitative criteria [12], even if they are
asymptomatic. Considering the prevalence of osteoporo-
sis and the expenses required for its reliable diagnosis, it
would be helpful to assess CT scans available from clini-
cal routine for markers of osteoporosis, which afterwards
could be substantiated by specific diagnostic procedures.
Especially biomarkers could provide information about
yet unrevealed, even subclinical, comorbidities, giv-
ing the opportunity for diagnosis and treatment in early
stages.

We recently published data on the potential clinical
value of cardiovascular blood markers as indicators of
mortality risk in patients with mild to moderate COPD
who had been diagnosed no more than 5 years ago [13].
In particular, the level of midregional pro-atrial natriu-
retic peptide (MRproANP) was linked to mortality in
these COPD patients. Interestingly, two epidemiological
studies reported an association between the cardiovas-
cular marker MRproANP, as well as midregional pro-
adrenomedullin (MRproADM), and the prevalence of
fractures in the elderly [14], but without further assess-
ment of bone characteristics or reference to COPD. The
authors proposed neurological and hemodynamic fac-
tors as underlying mechanisms. In view of the adverse
potential of systemic inflammation in COPD, mecha-
nisms directly affecting bone density and integrity could
also play a role, as some peptides modulating fluid and
ion balance, such as MRproANP, have pleiotropic effects
affecting not only the heart and hemodynamic system but
also the kidney and endocrine system [15]. In addition,

there is evidence that individuals with osteoporosis also
experience an increased risk of coronary artery disease
and stroke, even after controlling for confounding factors
[16]. Conversely, congestive heart failure was found to be
associated with increased bone loss and this was linked
to elevated levels of human atrial natriuretic peptide [17].
Thus, there are several hints on a relationship between
MRproANP and bone integrity.

We therefore wondered, whether a reduced verte-
bral density and the occurrence of vertebral fractures in
patients with COPD, as early signs of osteoporosis, might
be associated with cardiovascular markers that are often
elevated in these patients. For this purpose, we used data
from the COSYCONET (COPD and Systemic Conse-
quences—Comorbidities Network) COPD cohort [18,
19], analyzing the role of several of these markers [13] in
a subgroup of patients undergoing prospective chest CT
scans that could be evaluated for vertebral density and
fractures.

Methods

Study population

Data from the prospective COPD cohort COSYCONET
[19] was analyzed. This cohort enrolled 2741 patients,
including patients diagnosed with Global Initiative for
Chronic Obstructive Lung Disease (GOLD) grades 14,
but also patients diagnosed with COPD that did not fit
into GOLD 1-4, comprising the former grade 0 (COPD
at risk) [20]. Inclusion and exclusion criteria, study pro-
tocol and assessments have been published earlier [19];
it should be noted that patients with a previous diagnosis
of cancer, including lung cancer, were excluded. At about
the time of the follow-up visit 4, i.e. 3 years after inclu-
sion, a subset of patients underwent chest CT scans in
inspiration and expiration in a substudy [19]. These scans
were used in the present analysis to determine vertebral
density of TH12 in Hounsfield-Units, as well as fractures.
For inclusion we required complete imaging data of
appropriate quality for these parameters; a correspond-
ing flow chart is shown in Fig. 1. The COSYCONET
study was conducted in accordance with the amended
Declaration of Helsinki and approved by the Ethics Com-
mittees of the coordinating center Marburg and all study
centers. Moreover, all participants gave their written
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assessment of fractures and BMD
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Fig. 1 Flow chart of the patients included in the analysis. Of

the 2,741 COSYCONET participants included at visit V1,n=1,427
completed the third follow-up visit (V4). A subgroup of 602 patients
underwent prospective CT scans at separate study visits at the time
of V4. For the present study, the imaging data of 418 patients were
analyzed for bone density and the presence of vertebral fractures (see
Fig. 1). The functional and clinical data and biomarker measurements
of the patients included in the current study were collected at visit 1
(V1)

informed consent. The study identifier at ClinicalTrials.
gov is NCT01245933.

Assessment of clinical and functional data

Age, body mass index (BMI), smoking status and pack
years were determined as usual [19]. Spirometry and
single-breath diffusing capacity for carbon monoxide
were performed following the COSYCONET study pro-
tocol [19] and established recommendations [21-23].
For patients’ description and analysis, we used the forced
expiratory volume in 1 s (FEV,), forced vital capacity
(FVC) and the diffusing capacity of the lung for carbon
monoxide (DLCO). The respective reference values were
taken from the Global Lung Function Initiative (GLI)
[24, 25]. In addition, 6-min walk distance (6-MWD) was
determined and expressed in relation to reference values
[26].

The categorization into COPD grades 1-4 was based
on that proposed by GOLD for patients with a ratio of
FEV,/EVC<0.7 [27]. Patients with a ratio>0.7 were
categorized as “at risk” (symbolized as “GOLD 0” in the
results). The categorization into GOLD groups A/B/E
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[27] relied on the exacerbation history and the modified
Medical Research Council (mMRC) scale [28]. The pres-
ence of comorbidities was derived from patient-reported,
physician-based diagnoses [19], while medication was
assessed via the approach that patients were asked to
bring all their medication to the study visits [29]. In
addition, the COPD assessment Test (CAT) [30], the St
Georges’s Respiratory Questionnaire [31] and the Inter-
national Physical Activity Questionnaire (IPAQ) [32]
were used.

Assessment of biomarkers

In all study sites, routine laboratory parameters com-
prised the blood levels of C-reactive protein (CRP), as
well as that of creatinine, from which the estimated glo-
merular filtration rate (eGFR) was computed [33] in
order to quantify kidney function. The concentrations
of midregional pro-adrenomedullin (MRproADM) and
midregional pro-atrial natriuretic peptide (MRproANP)
in P100-stabilized plasma were determined using a Kryp-
tor Compact Plus (BRAHMS GmbH, Hennigsdorf, Ger-
many) in the central biobank (Homburg/Saarland), as
well as the levels of B-type pro-natriuretic peptide (NT-
proBNP; MILLIPLEX, Merck Millipore, Darmstadt,
Germany). These markers were chosen for analysis as it
could be argued that they were related to bone density
and fractures on CT scans, due to their potential influ-
ence on bone metabolism [14, 34, 35]. We additionally
determined a variety of other blood markers, particularly
of inflammation, in order to use them as potential con-
founders. These included copeptin (COPAVP; BRAHMS
GmbH, Hennigsdorf, Germany), osteopontin, Interleu-
kin 6 (IL-6), Interleukin 8 (IL-8), tumor necrosis factor
alpha (TNF), soluble receptor for advanced glycation end
products (RAGE) (all Luminex Discovery Assay, R&D
Systems, Abingdon, UK), and high-sensitivity troponin
(HS-troponin; Architect STAT, Abbott Diagnostics,
Wiesbaden, Germany).

Assessment and analysis of CT scans
CT scans were performed following a standardized pro-
tocol [36] and submitted to an image data bank. Pseu-
donymized scans were analyzed with AIRC (AI-Rad
Companion Chest CT VA30, Siemens Healthineers,
Erlangen, Germany) on a dedicated work station.
Detection and location of vertebral compression frac-
tures were visually assessed by a specialized, board-cer-
tified radiologist (>5 years of experience) and a specially
trained PhD-Student (>1-year experience in CT spine
analyses). Each fracture was visually graded via Genant
[12] with respect to the height reduction into Grades
1 (20-25%), 2 (25-40%), 3 (>40%) [12, 35]. Moreover,
automated measurements of CT-derived bone mineral
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body fractures (B) Osteoporotic vertebral body compression fractures in TH5 (Genant 1) and TH8 (Genant 3) (arrows). C Sintered and beginning

wedge-shaped vertebra TH7 (arrow) with compression fracture Genant 2

density (BMD-CT) performed by AIRC were expressed
as mean attenuation in Hounsfield-Units (HU) for all
thoracic vertebra (Fig. 2). For each participant, a sagittal
image with analysis results was saved including the meas-
urements. Automated data extraction from these images
was performed with a Python script, with export of the
measurement results in a CSV-file format. For analysis,
the 12th thoracic segment of the spine (TH12) was cho-
sen due to the fact that this could be evaluated best on
the chest CT scans.

Statistical analysis

Data in the tables are presented as percentages, or medi-
ans and quartiles. Group comparisons were performed
with the Mann—Whitney U-test for metric variables, and
Fisher’s exact test or chi-square statistics for categorical
variables. The optimal cut-off values for the prediction
of vertebral fractures with MRproANP and MRproADM
were determined on the basis of receiver operating char-
acteristic (ROC) curves and Youden indices, and the area
under the curve (AUC) was computed to quantify the
degree of association. The same analysis was performed
for age as a risk factor.

A binary logistic regression analysis was performed
to determine the association between the presence of
vertebral fractures in TH12 and a set of predictors that
were considered potentially relevant from a clinical per-
spective, as well as the biomarkers that had been found
to show p-values<0.10 in univariate comparisons. The
previous diagnosis of osteoporosis was omitted due to
their triviality. The same set of predictors was used to
identify variables associated with the TH12 BMD-CT
mean attenuation in a linear regression analysis. Due to
the availability of the cardiovascular markers, the val-
ues of all predictors were taken from the baseline visit
V1, while the CT scans were performed 3 years after V1
at about the time of study visit 4. All statistical analyses

were performed with SPSS (Version 29, IBM Corpora-
tion, Armonk, NY, USA), and a p-value < 0.05 was consid-
ered as statistically significant.

Results

Baseline characteristics

Overall, 418 patients (57.7% male) were included (Fig. 1),
among whom 76 patients (18.2%) showed vertebral frac-
tures and 342 (81.8%) no fractures. When analyzing the
CT images, the two independent readers had a disagree-
ment in the diagnosis of a compression fracture in only
one case, resulting in an agreement of 99.76% from 418
Chest CTs (1/418) and 99.98% from 5016 examined ver-
tebrae (1/5256).

As shown in Table 1, patients with vertebral fractures
were significantly older than those without fractures and
more frequently diagnosed with coronary artery disease
and a diagnosis of osteoporosis (p <0.05 each), while the
use of oral corticosteroids was not significantly associ-
ated with fractures. With regard to other comorbidities,
lung function, sex, BMI, smoking, clinical characteristics
and questionnaire data, there were also no significant
differences between the two groups, however, the TH12
mean attenuation differed (p<0.001). Among the car-
diovascular markers included, increased serum levels of
MRproADM and MRproANP (p <0.005 each), but not of
NT-proBNP, were found in patients with vertebral frac-
tures. There were also no significant differences in the
other biomarkers that had been analyzed as potential
confounders (Table 2).

Association of biomarkers with vertebral fractures

In order to derive potentially useful cut-off values,
ROC analyses were performed for MRproANP and
MRproADM. These yielded 65 nmol/l for MRproANP
(AUC: 0.673; 95%CI: 0.606, 0.740; p <0.001) and 0.60 pg/
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Table 1 Baseline characteristics of patients categorized by vertebral fractures detected on imaging
Variable All No vertebral fractures Vertebral fractures P value
N=418 N=342(81.8%) N=76(18.2%)
Age (years) 64.0 (58.0,69.0) 64.0 (57.0,68.0) 68.0 (61.0,72.3) <0.001
Sex (male/female 57.7%/42.3% 57.0%/43.0% 60.59%/39.5% 0.609
BMI (kg/mz) 26.5(22.8,30.1) 264 (23.2,30.1) 27.0(224,30.5) 0.525
Pack years 44 (22,74) 43 (23,70) 51(15,93) 0.382
Smoking (active) 24.4% 25.4% 19.7% 0376
Previous fracture (n/y) 4.5% 4.1% 6.6% 0.361
Hip fracture in parents 7.1% 7.2% 6.3% 1.000
Oral corticosteroids 8.6% 7.3% 14.5% 0.067
FEV, (% predicted) 59.6 (46.9,77.6) 59.5(46.9,77.3) 63.6 (46.9,784) 0.956
FVC (% predicted) 84.3(72.3,96.1) 84.3(73.1,96.3) 84.5 (68.9,94.9) 0.305
DLCO (% predicted) 61.9(47.0,76.7) 63.8 (46.6,78.1) 60.8 (48.4, 74.8) 0.776
GOLD grade 0/1/2/3/4 (%) 15.3/11.8/40.8/25.2/7.0% 15.8/11.4/40.2/25.5/7.0% 13.2/11.4/40.2/25.5/7.0% 0.950
GOLD group A/B/E (%) 49.5/22.0/28.5% 49.1/22.5/28.4% 51.3/19.7/28.9% 0.867
SGRQ Total score 37.8(26.5,50.6) 37.3(25.6,50.0) 403 (28.2,53.7) 0.153
SGRQ Activity score 52.2(37.1,67.6) 52.2(36.7,67.6) 56.9 (44.7,71.9) 0.139
SGRQ Impact score 233(11.3,357) 22.7(10.1,349) 28.01(13.9,414) 0.153
SGRQ Symptom score 53.0(37.2,69.8) 53.0(37.2,70.0) 53.5(37.1,68.9) 0615
CAT total score 17.0(12.0,21.0) 17.0(12.0,21.0) 17.0(12.0,23.0) 0.401
IPAQ score 3217 (1386, 6468) 3276 (1386, 6501) 2910 (1386, 6445) 0.685
6-MWD (% predicted) 71.7 (62.7,79.9) 713 (62.7,79.5) 734(623,81.7) 0529
Diabetes 10.5% 11.4% 6.6% 0.301
Hypertension 49.8% 49.4% 513 0.801
Coronary artery disease (y/n) 13.6% 11.7% 22.4% 0.025
Heart failure (y/n) 5.7% 9.2% 5.0% 0.171
eGFR (mL/min) 86.8 (74.3,94.8) 87.2(73.9,95.7) 85.1(74.5,90.9) 0.106
Osteoporosis 12.0% 8.8% 26.3% <0.001
TH12 mean attenuation (HU) 125.0 (94.0,155.0) 128.0(100.8, 158.0) 111.0(83.5,141.3) <0.001

Continuous variables are presented as median values and quartiles (in parentheses). Categorical variables are shown as percentages. Group comparisons were made
using the Mann-Whitney U-test or Fisher’s exact test or the chi-square statistics, as appropriate. BMI/ body mass index, FEV, forced expiratory volume in 1's, FVC
forced expiratory volume, DLCO diffusing capacity of the lung for carbon monoxide, SGRQ St George's Respiratory Questionnaire, CAT COPD Assessment Test, IPAQ
International Physical Activity questionnaire, eGFR estimated glomerular filtration rate. Please note that all variables refer to Visit V1, while the outcome of fractures

and TH12 bone density refer to Visit V4 performed about 3 years after Visit V1
Numbers in bold represent p <0.05

mL for MRproADM (AUC: 0.611; 95%CIL: 0.540, 0.682;
p=0.004) as optimal values. The optimal value for age
was 67 years (AUC: 0.665; 95%CI: 0.599, 0.731; p <0.001),
corresponding to 70 years at the time of the CT scans.

For logistic regression analysis, we took age, sex, BMI,
active smoking, the degree of airway obstruction (FEV,%
predicted), self-reported physical activity (IPAQ), reported
limitations of activity (SGRQ Activity), the diagnosis of
either coronary artery disease or heart failure or both, and
renal function in terms of eGFR as potentially relevant con-
founders. When using these variables as well as MRproADM
and MRproANP as predictors, a value of>65 nmol/l for
MRproANP was significantly (p=0.012) associated with the
presence of vertebral fractures, besides age (p=0.009); see
Fig. 3 and the numerical results shown in Table 3.

Association of biomarkers with vertebral density

To determine the association with TH12 verte-
bral mean attenuation as marker of BMD-CT, the
same set of predictors was used as for fractures, and
the results are shown in Table 4. Current smoking
(p=0.025) was associated with lower BMD-CT, and
there were trends for age and SGRQ activity score,
but these were not significant. While MRproADM
was not statistically significant, a value of > 65 nmol/l
of MRproANP was associated with a reduction
(p<0.001) by about 19 HU, corresponding to a
decrease of density by about 14% compared to the
median value of the study population (Table 1).
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Table 2 Levels of blood biomarkers categorized according to the presence of vertebral fractures detected on CT scans. Median values

and quartiles (in parentheses) are given

Biomarkers All No vertebral fractures Vertebral fractures P value
N=418 N=342 N=76

MRproANP (pmol/l) 61.4 (44.8,88.8) 58.6(42.5,83.8) 774(599,112.0) <0.001
MRproANP =65 nmol/I (%) 46.7% 41.5% 70.0% <0.001
MRproADM (nmol/l) 0.65 (0.56,0.75) 0.64 (0.55,0.75) 0.70(0.62,0.79) 0.005
MRproADM > 0.60 nmol/I (%) 64.8% 61.7% 79.1% 0.007
NT-proBNP (pg/mL) 1809 (32.6,373.1) 171.8(30.3,386.2) 233.6(39.0,360.7) 0449
COPAVP (pmol/l) 522 (3.54,8.23) 5.15(3.43,8.21) 538 (3.64,8.53) 0.315
Osteopontin (pg/ml) 3723(2131,6871) 3681 (2135,6719) 3803 (1943, 9127) 0318
HS-Troponin (pg/ml) 3.5(23,53) 34(23,5.0) 39(26,73) 0.207
RAGE (pg/ml) 839 (685, 1077) 856 (682, 1077) 791 (703, 1079) 0.230
TNF (pg/ml) 8.13(4.83,12.51) 8.17(4.80,12.32) 8.00 (4.87,14.08) 0391
IL-6 (pg/ml) 2.32(0.30,7.33) 2.29(0.27,7.37) 2.59(0.63, 7.50) 0913
IL-8 (pg/ml) 7.96 (5.17,10.83) 7.92 (4.93,10.66) 8.16 (6.08,14.07) 0.950
CRP (mg/dl) 0.46 (0.20, 0.68) 0.46 (0.20, 0.69) 046 (0.19,0.62) 0.920

For MRproANP and MRproADM, the percentages showing at least the optimal cut-off values determined by ROC analysis are additionally shown. P-values refer to
the comparison of the two groups by the Mann-Whitney U-test or Fisher’s exact test. MRproANP midregional pro atrial natriuretic peptide, MRproADM midregional
adrenomedullin, NT-proBNP B-type natriuretic peptide, COPAVP copeptin, RAGE soluble receptor for advanced glycation end products, HS-Troponin high-sensitivity
troponin, TNF tumor necrosis factor alpha, IL-6 Interleukin 6, IL-8 Interleukin 8, CRP C-reactive pro

Numbers in bold represent p <0.05

Sex (female) b
Age 267 years
BMI per 5 kg/m2

€]

Active smoking f
FEV, per 5 % predicted
IPAQ score per 1000
SGRQ Activity score per 10

Oral corticosteroids

Cardiac disease
eGFR per 10 ml/min
MRproADM 20.60 nmol/l }

MRproANP 265 nmol/I
0.5

(]

2 4

Fig. 3 Results of the binary logistic regression analysis with the presence of vertebral fractures as outcome variable. The plot shows the odds ratios
with their corresponding 95% confidence intervals on a logarithmic scale corresponding to the numerical values given in Table 3. BMI=body mass
index, FEV, =forced expiratory volume in 1 s, IPAQ=International Physical Activity Questionnaire, SGRQ = St George’s Respiratory Questionnaire,
Cardiac disease =either coronary artery disease or heart failure, eGFR= estimated glomerular filtration rate, MRproANP = midregional pro-atrial
natriuretic peptide, MRproADM = midregional pro-adrenomedullin. Please note that all predictors refer to Visit V1, as the values of MRproANP

and MRproADM were assessed in blood samples obtained at this visit, while the outcome of fractures refers to Visit V4 about 3 years after Visit V1.
Please note that some of the predictors were re-scaled in order to obtain odds ratios that were easier to interpret and distinguish from the reference

value

Discussion

The present study investigated vertebral fractures and
bone mineral density derived from chest CT scans in
patients with COPD. Its aim was to reveal whether
these outcomes are associated with MRproANP and
MRproADM that can influence overall fluid load and
ion balance and thus potentially bone integrity, beyond

their role as markers of cardiovascular risk. Indeed,
the presence of vertebral fractures was associated with
elevated levels of MRproANP. This association was
maintained when taking into account covariates such as
activity limitations and the presence of cardiac comor-
bidities. In univariate analyses, there were also asso-
ciations with MRproADM but these disappeared after
adjustment. When choosing TH12 mean attenuation
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Table 3 Results of the binary logistic regression analysis with the presence of vertebral fractures as outcome variable
Variable Regression SE of regression Odds ratio Exp 95%Cl of Odds ratio P-value
coefficient B coefficient (B)

Lower Upper
Sex (female) 0.148 0.308 1.159 0.634 2.121 0.632
Age =67 years 0.907 0.349 2478 1.251 4908 0.009
BMI per 5 kg/m? -0.210 0.169 0.810 0.582 1.128 0.212
Active smoking 0.090 0.361 1.094 0.539 2219 0.804
FEV, per 5% predicted 0.025 0.043 1.025 0.943 1.115 0.556
IPAQ score per 1000 0.022 0.032 1.022 0.960 1.089 0.489
SGRQ Activity score per 10 0.010 0.008 1.010 0.995 1.025 0.203
Oral corticosteroids 0.687 0472 1.987 0.788 5.009 0.145
Cardiac disease 0.305 0.380 1.356 0.644 2.856 0422
eGFR per 10 ml/min 0.209 0.116 1.233 0.982 1.547 0.071
MRproADM > 0.60 nmol/I 0528 0.391 1.695 0.787 3.649 0177
MRproANP > 65 nmol/I 0.885 0.353 2423 1213 4.840 0.012

95% Cl 95% confidence interval, SE standard error, BMI body mass index, FEV, forced expiratory volume in 1 s, IPAQ International Physical Activity questionnaire,
SGRQ St George's Respiratory Questionnaire, Cardiac disease =either coronary artery disease or heart failure, eGFR estimated glomerular filtration rate, MRproANP
midregional pro atrial natriuretic peptide, MRproADM midregional adrenomedullin. Please note that all predictors refer to Visit V1, as the values of MRproANP and
MRproADM were assessed in blood samples obtained at this visit, while the outcome of fractures refers to Visit V4 about 3 years after Visit V1. Some of the predictors

were re-scaled in order to obtain odds ratios that were easier to interpret
Numbers in bold represent p <0.05

Table 4 Results of the linear regression analysis with the TH12 vertebral mean attenuation as outcome variable

Variable Regression coefficient B SE of regression 95%Cl of coefficient B P-value
coefficient
Lower Upper

Sex (female) 2.318 4.684 -6.894 11.531 0.621
Age > 67 years -10.310 5.348 -20.828 0.209 0.055
BMI per 5 kg/m2 0.065 2.522 -4.895 5.025 0.979
Active smoking 12.040 5336 1.545 22534 0.025
FEV, per 5% predicted -0324 0.639 -1.580 0.932 0612
IPAQ score per 1000 -0.239 0.490 -1.202 0.724 0.626
SGRQ Activity score per 10 -0.209 0.111 -0428 0.009 0.061
Oral corticosteroids -0.298 8.374 -16.768 16.172 0.972
Heart failure 0.060 6.488 -12.701 12.821 0.993
eGFR per 10 ml/min -1.379 1.752 -4.826 2.068 0432
MRproADM > 0.60 nmol/! -5.440 5443 -16.145 5.266 0318
MRproANP > 65 nmol/I -18.526 5325 -29.000 -8.053 <0.001

95%Cl 95% confidence interval, SE standard error, BMI body mass index, FEV, forced expiratory volume in 1 s, IPAQ International Physical Activity questionnaire,
SGRQ St George’s Respiratory Questionnaire, Cardiac disease =either coronary artery disease or heart failure, eGFR estimated glomerular filtration rate, MRproANP
midregional pro atrial natriuretic peptide, MRproADM midregional adrenomedullin. Please note that all predictors refer to Visit V1, as the values of MRproANP and
MRproADM were assessed in blood samples obtained at this visit, while the outcome of fractures refers to Visit V4 about 3 years after Visit V1. Some of the predictors

were re-scaled in order to obtain regression coefficients that were easier to interpret

Numbers in bold represent p <0.05

in the CT as a marker of bone mineral density, results
were consistent with those obtained for fractures,
and were again related to MRproANP levels. Taken
together, our findings suggest that MRproANP that we
previously identified as a predictor of mortality risk
in recently diagnosed patients with mild to moderate
COPD [13], has the additional property being a marker

of bone alterations related to osteoporosis. This obser-
vation could be beneficial for clinical practice in order
to use biomarkers as efficiently as possible.

Our analysis was motivated by the findings of Johans-
son et al. [34], who longitudinally assessed the association
between cardiac markers and the incidence of vertebral,
pelvic and limb fractures in a large population-based
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prospective cohort and found that elevated levels of
MR-proADM and MR-proANP predicted fractures in
older adults. The proposed mechanism was that synco-
pal events and falls caused by hemodynamic and auto-
nomic effects linked to these hormones played a role and
that markers of endothelial dysfunction could also indi-
cate microvascular dysfunction in bone tissue, leading to
bone fragility [34].

We directly assessed bone structure in terms of ver-
tebral integrity in chest CT scans, focusing on patients
with COPD. This focus was based on the hypothesis
that in COPD an association between bone integrity
and cardiovascular markers might be particularly likely,
due to systemic inflammation and the high prevalence
of cardiovascular comorbidities. This was confirmed in
univariate analyses for MRpro ANP and MRpro ADM,
while in adjusted analyses only MRproANP remained as
robust and significant marker. Considering, that serum
MRproANP concentrations are<50 pmol/l in healthy
individuals [37, 38], the optimal cut-off value of 65 nmol/l
was only slightly elevated. Despite this, the correspond-
ing odds ratio for fractures was 2.3 in our opinion high
enough to be clinically considered.

MRproANP is generally considered as a marker of
heart failure [39] and belongs to the family of natriu-
retic peptides (NPs), which are structurally related, but
functionally different hormones with multiple functions,
including the regulation of blood pressure, water—min-
eral balance, and various metabolic processes [40]. There
is also evidence that NPs play a role in bone metabolism
[41, 42], based on the observations that B-type natriuretic
peptide was associated with lower BMD and incident
osteoporosis in peritoneal dialysis patients [43], kidney
transplant recipients [44] and type 2 diabetic patients
[45]. The differences between the various NPs were also
highlighted in our data by the finding that NT-proBNP
was not associated with vertebral fractures or decreased
BMD.

In consistence with clinical observations, our study
found vertebral fractures to be fairly common in patients
with COPD. Chest CT showed fractures of the thoracic
spine in 18% of men and 15.9% of women, with no major
differences related to sex, although osteoporosis is usually
more often diagnosed in women. Moreover, not many
patients had a previous diagnosis of osteoporosis in our
study. The findings suggest that osteoporosis is underdi-
agnosed in COPD and that its diagnosis might depend
on gender-specific attention. The results are consistent
with findings from the COPDGene cohort study, which
showed a slightly but significantly higher risk of low ver-
tebral BMD and more fractures in male compared to
female smokers. In our study, case numbers were too low
to allow for a similar analysis, and in addition our focus
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was on the potential role of the cardiovascular markers. It
might, however, be of great interest to re-analyze the pre-
vious data, if possible, in order to validate our findings.

There was no association between fractures and quality
of life, COPD symptoms or physical activity, probably due
to the fact that the vertebral alterations were on the level
of being non-symptomatic and the lung disease exerted
an overwhelming effect on these outcomes. While ver-
tebral fractures were associated with higher age and a
higher level MRproANP, vertebral bone density showed
further associations, such as the Activity component of
the SGRQ being correlated with reduced BMD-CT. In
contrast, active smoking was associated with higher den-
sity, probably due to the fact that in COSYCONET active
smokers with COPD are of lower age and less clinical
severity compared to ex-smokers [46]. The finding that
a reduced eGFR was also associated with higher verte-
bral density is more difficult to explain and may reflect
a selection effect. Moreover, chronic kidney disease may
be linked to low density in the hip but not the spine [47].

It is commonly assumed that patients with COPD expe-
rience an increased risk of osteoporosis and osteoporotic
fractures of the spine compared to the general population
[2]. For this there are established risk scores such as the
FRAX online tool, which, however, does not appear to
be predictive in patients with COPD [48]. In our study,
vertebral bone density (BMD-CT) showed a significant
difference between the groups with and without vertebral
fractures but with a large overlap. Thus, the assessment
of BMD-CT alone was not sufficient to reliably assess the
presence of fractures, which might be preferable as indi-
cator of osteoporosis. Both measures, however, had in
common to be associated with MRproANP.

Limitations

The cross-sectional analysis allows for statements on cor-
relations, but per se no causal inferences. CT assessments
were performed about 3 years after the assessments of
the variables used as statistical predictors. This choice
was due to the fact that cardiovascular biomarker values
were available only upon inclusion into COSYCONET.
When tentatively using values assessed at Visit 4 for all
predictors except the cardiovascular markers, the results
for MRproANP were maintained. Moreover, the assess-
ment of comorbidities was based on patients’ reports
of physician-made diagnoses, not on systematic testing
using standardized methods. This probably led to under-
diagnosis of osteoporosis, which was, however, without
consequences, as we excluded this diagnosis from the
panel of predictors to avoid trivial results. We also could
not determine incidence rates. Moreover, only vertebral
fractures of the thoracic spine were assessed since this
was the only part covered with routine chest CT. The
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available literature suggests that osteoporosis-defining
fractures of the ribs and outside the region covered by
chest CT, e.g. in the cervical or lumbar spine, pelvis or
hip, may also be associated with elevated levels of car-
diovascular blood markers [34]. This aspect may warrant
attention in future studies on this topic.

Conclusion

In patients with COPD, the presence of vertebral frac-
tures of the thoracic spine and a reduced vertebral den-
sity on chest CT were statistically associated with known
risk factors such as age but additionally with elevated
blood levels of midregional pro-atrial natriuretic peptide
(MRproANP), which is commonly considered as car-
diovascular marker. This may be explained by the pleio-
tropic role of MRproANP and is consistent with previous
findings in the general population reporting its associa-
tion with fractures in the elderly. Taken together with its
cardiovascular role, the observations suggest a role for
MRproANP in COPD as part of a comprehensive panel
of blood biomarkers for the assessment of outcome- lim-
iting multimorbidity even at subclinical stages. Further
research on the mechanisms by which MRproANP could
affect bone mineralization seems worthwhile.

Abbreviations

6-MWD 6-minute walk distance

95%Cl 95% confidence interval

AIRC Al-Rad Companion Chest CT

AUC Area under the curve

BMD Bone mineral density

BMD-CT Bone density on CT

BMI Body mass index

CAT COPD assessment Test

COPD Chronic obstructive pulmonary disease
COSYCONET  COPD and Systemic Consequences - Comorbidities Network
CRP C-reactive protein

DLCO Diffusing capacity of the lung for carbon monoxide
DXA Dual-energy X-ray absorptiometry

eGFR Estimated glomerular filtration rate

FEV, Forced expiratory volume in 1 second

FVC Forced vital capacity

GLI Global Lung Function Initiative

GOLD Global Initiative for Chronic Obstructive Lung Disease
HS-troponin  High-sensitivity troponin

HU Hounsfield-Units

IL-6 Interleukin 6

IL-8 Interleukin 8

IPAQ International Physical Activity Questionnaire
mMRC Medical Research Council

MRproADM  Midregional pro-adrenomedullin

MRproANP Mid-regional pro-atrial natriuretic peptide

NP Natriuretic peptide

NT-proBNP N-terminal pro-B-type natriuretic peptide

RAGE Soluble receptor for advanced glycation end products
SE Standard error

SGRQ St Georges's Respiratory Questionnaire

TH12 12" segment in the thoracic part of the spine (pars thoracica
medullae spinalis)

TNF Tumor necrosis factor alpha

Page 9 of 11

Acknowledgements

The authors thank all patients of COSYCONET for their participation on and all
study centers for their excellent work.

COSYCONET Study Group

Andreas, Stefan’®; Bals, Robert'"; Behr, Jiirgen®; Kahnert, Kathrin®'%; Bahmer,
Thomas?'; Bewig, Burkhard?%; Ewert, Ralf? Stubbe, Beate??; Ficker, Joachim
H.%* Grohg, Christian”®; Held, Matthias®®; Henke, Markus?’; Herth, Felix';
Kirsten; Anne-Marie’; Watz, Henrik®; Koczulla, Rembert?®; Kronsbein, Juliane??;
*Kropf-Sanchen, Cornelia; Herzmann, Christian®'; Pfeifer, Michael®%; Randerath,
Winfried J.33; Seeger, Werner*; Studnicka, Michael®>; Taube Christian®;
Timmermann Hartmut™; Alter, Peter®; Schmeck, Bernd®; Vogelmeier, Claus®;
8Welte, Tobias; Wirtz, Hubert®.

2OLunc‘;em‘achklmik, Immenhausen, Immenhausen Germany.
ZUniversitatsklinikum Schleswig Holstein, Kiel, Germany??Stadtisches Krank-
enhaus Kiel.

BUniversitatsmedizin Greifswald, German.

2Klinikum Nurnberg, Paracelsus Medizinische Privatuniversitat Nirnberg,
Germany.

SEv. Lungenklinik Berlin, Germany.

2Klinikum Wiirzburg Mitte gGmbH, Standort Missioklinik.

%’ Asklepios Fachkliniken Minchen-Gauting.

25chon Klinik Berchtesgadener Land, Germany.
#Berufsgenossenschaftliches Universititsklinikum Bergmannsheil, Bochum,
Germany.

Universitatsklinikum Ulm, Germany.

3TForschungszentrum Borstel, Germany.

*linik Donaustauf, Germany.

Bwissenschaftliches Institut Bethanien e.V, Solingen, Germany.
**Justus-Liebig-Universitit GieBen, Germany.

*Uniklinikum Salzburg, Austria.

*Ruhrlandklinik gGmbH Essen, Germany.

¥Hamburger Institut fir Therapieforschung GmbH, Germany.
*Universitatsklinikum Leipzig, Germany.

Authors’ contributions

FCT, RAJ and VP were involved in study design, statistical analysis, interpreta-
tion of data, drafting and finalization of the manuscript, approved the final
version submitted and agreed to be accountable for all aspects of the work.
VP and ST reviewed the CT scans for vertebral fractures and selected the CT
images for the figures. PA, HW, CFV, HUK, MD, TW, JB, KK, RB, CH, CPH, JB, OS, SF,
EFMW, BW, KFR and FJFH contributed to the design of the study, interpretation
of the data, drafting and finalization of the manuscript, approved the final ver-
sion submitted, and agreed to be responsible for all aspects of the work.

Funding

Open Access funding enabled and organized by Projekt DEAL. This work was
supported by the BMBF Competence Network Asthma and COPD (ASCONET)
and performed in collaboration with the German Center for Lung Research
(DZL). The project was funded by the German Federal Ministry of Education
and Research (BMBF) with grant number 01 GI 0881 and currently via DZL.
Moreover, it is funded by unrestricted grants from AstraZeneca GmbH, Bayer
Schering Pharma AG, Boehringer Ingelheim Pharma GmbH & Co. KG, Chiesi
GmbH, GlaxoSmithKline, Grifols Deutschland GmbH, MSD Sharp & Dohme
GmbH, Mundipharma GmbH, Novartis Deutschland GmbH, Pfizer Pharma
GmbH, Takeda Pharma Vertrieb GmbH & Co. KG, Teva GmbH for patient inves-
tigations and laboratory measurements.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The COSYCONET study was conducted in accordance with the amended Dec-
laration of Helsinki and approved by the Ethics Committees of the coordinat-
ing center Marburg and all study centers. Moreover.

Consent for publication
All participants gave their written informed consent.



Trudzinski et al. Respiratory Research (2024) 25:274

Competing interests

FCT reported payments or honoraria for lectures and presentations from
Boehringer Ingelheim Chiesi, GlaxoSmithKline, GrifolsNovartis, CSL Behring,
Streamed up, RG Gesellschaft fur Information and Organisation mbH, PA
reports grants from German Federal Ministry of Education and Research
(BMBF) Competence Network Asthma and COPD (ASCONET), grants from
AstraZeneca GmbH, grants and non-financial support from Bayer Schering
Pharma AG, grants, personal fees and non-financial support from Boehringer
Ingelheim Pharma GmbH & Co. KG, grants and non-financial support from
Chiesi GmbH, grants from GlaxoSmithKline, grants from Grifols Deutschland
GmbH, grants from MSD Sharp & Dohme GmbH, grants and personal fees
from Mundipharma GmbH, grants, personal fees and non-financial support
from Novartis Deutschland GmbH, grants from Pfizer Pharma GmbH, grants
from Takeda Pharma Vertrieb GmbH & Co. KG, outside the submitted work.
CFV reports grants and personal fees from AstraZeneca, grants and personal
fees from Boehringer Ingelheim, grants and personal fees from Chiesi, grants
and personal fees from GlaxoSmithKline, grants and personal fees from Grifols,
grants and personal fees from Novartis, personal fees from Berlin Chemie/
Menarini, personal fees from CSL Behring, grants from German Federal
Ministry of Education and Research (BMBF) Competence Network Asthma and
COPD (ASCONET), personal fees from Nuvaira, personal fees from MedUpdate,
outside the submitted work. HUK reports grants from Siemens, non-financial
support from Bayer, during the conduct of the study; grants from Siemens,
grants and personal fees from Philips, personal fees from Boehringer Ingel-
heim, personal fees from Merck Sharp Dohme, personal fees from Astra Zen-
eca, outside the submitted work. RB. reports grants and personal fees from
AstraZeneca, grants and personal fees from Boehringer Ingelheim, personal
fees from GlaxoSmithKline, personal fees from Grifols, grants and personal fees
from Novartis, personal fees from CSL Behring, grants from German Federal
Ministry of Education and Research (BMBF) Competence Network Asthma and
COPD (ASCONET), grants from Sander Stiftung, grants from Schwiete Stiftung,
grants from Krebshilfe, grants from Mukoviszidose eV, outside the submit-

ted work. He is Editor in Chief of Respiratory Research. FJF received personal
money for adboard activities and lecture fees from Pulmonx, BTG, Olympus
and Uptake. RJ, HW, ST, MD, TW, JB, KK, RB, CH, CPC, JB, OvS, SF, EFMW, BW, KFR,
VP

Author details

'Department of Pneumology and Critical Care Medicine), German Center

for Lung Research (DZL), Translational Lung Research Center Heidelberg
(TLRC-H), Thoraxklinik University of Heidelberg, Réntgenstrasse 1, 69126 Hei-
delberg, Germany. ?Institute and Outpatient Clinic for Occupational, Social
and Environmental Medicine, German Center for Lung Research (DZL), LMU
University Hospital, Ludwig-Maximilians-University (LMU), Comprehensive
Pneumology Center Munich (CPC-M), Munich, Germany. >Department

of Medicine, Pulmonary and Critical Care Medicine, German Center for Lung
Research (DZL), Philipps University of Marburg (UMR), Marburg, Germany.
“Pulmonary Research Institute at LungenClinic Grosshansdorf, Grosshansdorf,
Germany. *Airway Research Center North (ARCN), German Center for Lung
Research (DZL), Woehrendamm 80, 22927 Grosshansdorf, Germany. *Depart-
ment of Diagnostic & Interventional Radiology, University Hospital of Heidel-
berg, Heidelberg, Germany. ’German Center for Lung Research (DZL), Trans-
lational Lung Research Center Heidelberg (TLRC-H), Heidelberg, Germany.
8Department of Pneumology, Hannover Medical School, Carl-Neuberg-Str.
1,30625 Hannover, Germany. “Department of Internal Medicine V, CPC
Comprehensive Pneumology Center, Member of the German Center for Lung
Research (DZL), University Hospital, LMU Munich, Munich, Germany. "OMedi-
CenterGermering, Germering, Germany. ' Department of Internal Medicine
V - Pulmonology, Allergology, Critical Care Care Medicine, Saarland University
Hospital, Homburg, Germany. '?Department of Diagnostic and Interventional
Radiology With Nuclear Medicine, Thoraxklinik, University Medical Center
Heidelberg, Heidelberg, Germany. '*Faculty of Medicine, University of Latvia,
Riga, Latvia. "“Faculty of Medicine, Christian-Albrechts-Universitat Zu Kiel, Kiel,
Germany. "*Department of Pneumology, University Medical Centre Freiburg,
Freiburg, Germany. '®Department of Respiratory Medicine, Maastricht Univer-
sity Medical Center, Maastricht, The Netherlands. '”Medical Faculty, Sigmund
Freud University, Vienna, Austria. '®Department of Internal Medicine, Sigmund
Freud Private University, Vienna, Austria. '°LungenClinic Grosshansdorf, Airway
Research Center North, Member of the German Center for Lung Research, Pul-

monary Research Institute, Woehrendamm 80, 22927 Grosshansdorf, Germany.

“’Department of Pneumology, ltzehoe Hospital, ltzehoe, Germany.

Page 10 of 11

Received: 12 April 2024 Accepted: 2 July 2024
Published online: 13 July 2024

References

1. Lehouck A, Boonen S, Decramer M, Janssens W. COPD, bone metabolism,
and osteoporosis. Chest. 2011;139(3):648-57.

2. Romme EA, Smeenk FW, Rutten EP, Wouters EF. Osteoporosis in
chronic obstructive pulmonary disease. Expert Rev Respir Med.
2013;7(4):397-410.

3. Chen SJ, Liao WC, Huang KH, et al. Chronic obstructive pulmonary
disease and allied conditions is a strong independent risk factor for
osteoporosis and pathologic fractures: a population-based cohort study.
QJM. 2015;108(8):633-40.

4. PalmV, Norajitra T, von Stackelberg O, et al. Al-supported comprehen-
sive detection and quantification of biomarkers of subclinical wide-
spread diseases at chest CT for preventive medicine. Healthcare (Basel).
2022;10(11):2166.

5. Anam AK, Insogna K. Update on osteoporosis screening and manage-
ment. Med Clin North Am. 2021;105(6):1117-34.

6. Jaramillo JD, Wilson C, Stinson DS, et al. Reduced bone density and verte-
bral fractures in smokers. Men and COPD patients at increased risk. Ann
Am Thorac Soc. 2015;12(5):648-56.

7. Buckley L, Humphrey MB. Glucocorticoid-Induced Osteoporosis. N Engl J
Med. 2018;379(26):2547-56.

8. KahnertK, Jorres RA, Lucke T, et al. Lower prevalence of osteoporosis in
patients with COPD taking anti-inflammatory compounds for the treat-
ment of diabetes: results from COSYCONET. Int J Chron Obstruct Pulmon
Dis. 2021;16:3189-99.

9. Bartenschlager S, Cavallaro A, Pogarell T, et al. Opportunistic screening
with CT: comparison of phantomless BMD calibration methods. J Bone
Miner Res. 2023;38(11):1689-99.

10. Skornitzke S, Vats N, Kopytova T, et al. Asynchronous calibration of
quantitative computed tomography bone mineral density assessment
for opportunistic osteoporosis screening: phantom-based validation and
parameter influence evaluation. Sci Rep. 2022;12(1):20729.

11. Deshpande N, Hadi MS, Lillard JC, et al. Alternatives to DEXA for the
assessment of bone density: a systematic review of the literature and
future recommendations. J Neurosurg Spine. 2023;38(4):436-45.

12. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture assessment
using a semiquantitative technique. J Bone Miner Res. 1993;8(9):1137-48.

13. Fahndrich S, Herr C, Teuteberg S, et al. Midregional proatrial naturetic
peptide (MRproANP) and copeptin (COPAVP) as predictors of all-cause
mortality in recently diagnosed mild to moderate COPD-results from
COSYCONET. Respir Res. 2024;25(1):56.

14. Harstedt M, Holmberg A, Rogmark C, et al. Cardiovascular biomarkers
and risk of low-energy fractures among middle-aged men and women-A
population-based study. Plos One. 2018;13(9): €0203692.

15. Idzikowska K, Zielinska M. Midregional pro-atrial natriuretic peptide,
an important member of the natriuretic peptide family: potential role
in diagnosis and prognosis of cardiovascular disease. J Int Med Res.
2018;46(8):3017-29.

16. Azeez TA. Osteoporosis and cardiovascular disease: a review. Mol Biol Rep.
2023;50(2):1753-63.

17. Nishio K, Mukae S, Aoki S, et al. Congestive heart failure is associated with
the rate of bone loss. J Intern Med. 2003;253(4):439-46.

18. Jorres RA, Welte T, Bals R, Koch A, Schnoor M, Vogelmeier C. Systemic
manifestations and comorbidities in patients with chronic obstructive
pulmonary disease (COPD) and their effect on clinical state and course
of the disease—an overview of the cohort study COSYCONET. Dtsch Med
Wochenschr. 2010;135(10):446-9.

19. Karch A, Vogelmeier C, Welte T, et al. The German COPD cohort COSY-
CONET: aims, methods and descriptive analysis of the study population
at baseline. Respir Med. 2016;114:27-37.

20. Mayerhofer B, Jorres RA, Lutter JI, et al. Deterioration and mortality risk of
COPD patients not fitting into standard GOLD categories: results of the
COSYCONET cohort. Respiration. 2021;100(4):308-17.

21. Miller MR, Hankinson J, BrusascoV, et al. Standardisation of spirometry.
Eur Respir J. 2005;26(2):319-38.



Trudzinski et al. Respiratory Research

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33
34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2024) 25:274

Criee CP, Berdel D, Heise D, et al. Recommendations on spirometry by
Deutsche Atemwegsliga. Pneumologie. 2006;60(9):576-84.

Macintyre N, Crapo RO, Viegi G, et al. Standardisation of the single-breath
determination of carbon monoxide uptake in the lung. Eur Respir J.
2005,26(4):720-35.

Stanojevic S, Graham BL, Cooper BG, et al. Official ERS technical stand-
ards: Global Lung Function Initiative reference values for the carbon
monoxide transfer factor for Caucasians. Eur Respir J. 2017;50(3):1700010.
Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for
spirometry for the 3-95-yr age range: the global lung function 2012
equations. Eur Respir J. 2012,40(6):1324-43.

Troosters T, Gosselink R, Decramer M. Six minute walking distance in
healthy elderly subjects. Eur Respir J. 1999;14(2):270-4.

Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy for the diag-
nosis, management, and prevention of chronic obstructive lung disease
2017 report. GOLD executive summary. Am J Respir Crit Care Med.
2017;195(5):557-82.

Mahler DA, Wells CK. Evaluation of clinical methods for rating dyspnea.
Chest. 1988;93(3):580-6.

Lucke T, Herrera R, Wacker M, et al. Systematic analysis of self-reported
comorbidities in large cohort studies - a novel stepwise approach by
evaluation of medication. Plos One. 2016;11(10): e0163408.

Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline LN. Develop-
ment and first validation of the COPD assessment test. Eur Respir J.
2009;34(3):648-54.

Jones PW, Quirk FH, Baveystock CM, Littlejohns P. A self-complete
measure of health status for chronic airflow limitation. The St. George’s
respiratory questionnaire. Am Rev Respir Dis. 1992;145(6):1321-7.

Craig CL, Marshall AL, Sjostrom M, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc.
2003;35(8):1381-95.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate
glomerular filtration rate. Ann Intern Med. 2009;150(9):604-12.
Johansson M, Ricci F, Di Martino G, et al. Cardiovascular biomarkers
predict fragility fractures in older adults. Heart. 2019;105(6):449-54.
Wang YXJ, Santiago FR, Deng M, Nogueira-Barbosa MH. Identifying
osteoporotic vertebral endplate and cortex fractures. Quant Imaging
Med Surg. 2017,7(5):555-91.

Kahnert K, Jorres RA, Kauczor HU, et al. Relationship between clinical
and radiological signs of bronchiectasis in COPD patients: results from
COSYCONET. Respir Med. 2020;172:106117.

Morgenthaler NG, Struck J, Thomas B, Bergmann A. Immunoluminometric
assay for the midregion of pro-atrial natriuretic peptide in human plasma.
Clin Chem. 2004;50(1):234-6.

von Haehling S, Jankowska EA, Morgenthaler NG, et al. Comparison of
midregional pro-atrial natriuretic peptide with N-terminal pro-B-type
natriuretic peptide in predicting survival in patients with chronic heart
failure. J Am Coll Cardiol. 2007;50(20):1973-80.

Roberts E, Ludman AJ, Dworzynski K, et al. The diagnostic accuracy of
the natriuretic peptides in heart failure: systematic review and diagnostic
meta-analysis in the acute care setting. BMJ. 2015;350:h910.
Santhekadur PK, Kumar DP, Seneshaw M, Mirshahi F, Sanyal AJ. The
multifaceted role of natriuretic peptides in metabolic syndrome. Biomed
Pharmacother. 2017,92:826-35.

Lenz A, Bennett M, Skelton WP, Vesely DL. Vessel dilator and C-type
natriuretic peptide enhance the proliferation of human osteoblasts.
Pediatr Res. 2010;68(5):405-8.

Inoue A, Hiruma'Y, Hirose S, et al. Stimulation by C-type natriuretic pep-
tide of the differentiation of clonal osteoblastic MC3T3-E1 cells. Biochem
Biophys Res Commun. 1996;221(3):703-7.

Wang CH, Tsai JP, Lai YH, Lin YL, Kuo CH, Hsu BG. Inverse relationship

of bone mineral density and serum level of N-terminal pro-B-type
natriuretic peptide in peritoneal dialysis patients. Ci Ji Yi Xue Za Zhi.
2016,28(2):68-72.

Lee MC, Lee CJ, Shih MH, Ho GJ, Chen YC, Hsu BG. N-terminal pro-B-type
natriuretic peptide is inversely related to bone mineral density in renal
transplant recipients. Transp Proc. 2014;46(10):3443-7.

Chen P, Yan P, Wan Q, et al. Association of circulating B-type natriuretic
peptide with osteoporosis in a Chinese type 2 diabetic population. BMC
Musculoskelet Disord. 2021;22(1):261.

47.

48.

Page 11 of 11

Alter P, Stoleriu C, Kahnert K, et al. Characteristics of current smokers
versus former smokers with COPD and their associations with smoking
cessation within 4.5 years: results from COSYCONET. Int J Chron Obstruct
Pulmon Dis. 2023;18:2911-23.

de Bezerra Carvalho KS, Vasco RFV, Custodio MR, Jorgetti V, Moyses RMA,
Elias RM. Chronic kidney disease is associated with low BMD at the hip
but not at the spine. Osteoporos Int. 2019;30(5):1015-23.
Ogura-Tomomatsu H, Asano K, Tomomatsu K, et al. Predictors of osteo-
porosis and vertebral fractures in patients presenting with moderate-to-
severe chronic obstructive lung disease. COPD. 2012;9(4):332-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Midregional Proatrial Natriuretic Peptide (MRproANP) is associated with vertebral fractures and low bone density in patients with chronic obstructive pulmonary disease (COPD)
	Abstract 
	Background 
	Research question 
	Methods 
	Results 
	Interpretation 
	Trial registration 

	Introduction
	Methods
	Study population
	Assessment of clinical and functional data
	Assessment of biomarkers
	Assessment and analysis of CT scans
	Statistical analysis

	Results
	Baseline characteristics
	Association of biomarkers with vertebral fractures
	Association of biomarkers with vertebral density

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


