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Abstract

Summary Fractures are common in individuals with COPD and occur at higher bone mass values than expected. COPD appears
to be an important risk factor for bone fragility.

Introduction Patients with chronic obstructive pulmonary disease (COPD) have an increased risk of osteoporosis and fractures,
but screening and prophylactic measures to prevent both disorders are often neglected in this population. This case-control study
assessed the prevalence of osteopenia, osteoporosis, and fractures in patients with COPD, and identified potential risk factors for
fractures in this population.

Methods Overall, 91 patients with COPD (COPD group; COPDG) and 81 age- and sex-matched controls (control group; CG)
were assessed with bone mineral density (BMD), thoracic/lumbar spine radiographs, and serum PTH and 25-hydroxyvitamin D
(25[OH]D) levels. The occurrence of prior fractures was retrieved from clinical history.

Results The prevalence of total fractures in the COPDG was 57.1% (odds of fracture 4.7 times greater compared with the CG),
and the femoral neck T-score emerged as the best predictor of fractures. Compared with the CG, the COPDG had lower spine and
femoral BMD (p<0.01) and 25(OH)D levels (p=0.01) and 2.6 times greater odds of osteoporosis. Among men, vertebral
fractures were more prevalent in the COPDG versus CG (25.9% vs. 6.5%, respectively, p = 0.01). The odds of fracture increased
with femoral neck T-scores <—2.7 in the CG and <— 0.6 in the COPDG.

Conclusion These results add robust evidence to an increased odds of osteoporosis and fractures in COPD. Fractures in the
COPDG occurred at higher BMD values than expected, suggesting that COPD may be an independent marker of fracture risk,
reinforcing a need for regular osteoporosis screening with BMD measurement and prophylaxis of fractures in patients with this
disorder.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a universal
condition with worldwide repercussion and the fourth current
leading cause of death worldwide [1]. The chronic inflamma-
tory process associated with the disease extends beyond the
lungs and leads to cardiovascular diseases, psychiatric condi-
tions, anaemia, and sarcopenia [2].

Osteoporosis has been gaining relevance as a COPD-
associated comorbidity [3] since it increases the risk of frac-
tures [4] and the morbidity and mortality associated with the
disease. Osteoporosis is defined as a change in bone
microarchitecture and/or decrease in bone mass, resulting in
an increased risk of fractures. Bone densitometry (dual-energy
x-ray absorptiometry, DXA) is currently used to classify the
risk of fracture. According to the T-score value (the number of
standard deviations (SDs) of the comparison of the subject’s
bone mineral density [BMD] value with the mean BMD value
of a young adult population of the same sex), the subject is
classified as normal (T-score >— 1.0) or as having osteopenia
(T-score < — 1.0 and > — 2.5) or osteoporosis (T-score <—2.5).

COPD is associated with a higher occurrence of fractures.
Data show that vertebral fractures compromise lung function
and are a common complication of the disease, with preva-
lence rates between 24 and 79% [5]. Also, mortality after hip
fracture is increased in subjects with COPD when compared
with individuals without the disease [6].

Despite having a recognized role in morbidity and mortal-
ity associated with COPD, osteoporosis is still neglected dur-
ing the follow-up of patients affected with this pulmonary
condition [7, 8]. Based on these considerations, we conducted
this study to assess the prevalence of osteoporosis, osteopenia,
and fractures in a population of patients with COPD, and to
identify potential risk factors for fractures in this cohort.

Material and methods
Study subjects

This study was approved by the Research Ethics Committee
of the Federal University of Sao Paulo (CEP [REC] 1738/10)
and was conducted according to the principles of the
Declaration of Helsinki. Informed consent was obtained from
all individual participants included in the study.

The COPD group (COPDG) comprised subjects undergo-
ing regular follow-up at the Pulmonary Rehabilitation Centre
of the EPM/UNIFESP (Escola Paulista de Medicina/
Universidade Federal de Sao Paulo), who were invited to par-
ticipate in the study. The group included patients of both sexes
and older than 40 years of age who were diagnosed with stable
COPD and had not used oral glucocorticoids in the previous
3 months. Based on spirometry results, the COPDG was
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further divided into two subgroups (GOLD I/Il and GOLD
II/IV) according to disease severity [1].

The control group (CG) comprised volunteers recruited in
the university (staff or patients’ companions) and subjects
from the community who were non-smokers or were former
smokers for more than 1 year, without previous pulmonary
disease and with a normal spirometry test.

We excluded from both groups those subjects using drugs
that could affect bone mass (with the exception of calcium and
vitamin D) or with a history of chronic diseases, active cancer,
renal insufficiency, primary hyperparathyroidism, and hyper-
thyroidism, as well as individuals unable to complete the
questionnaire or to undergo the pulmonary function test.

Of 199 recruited subjects, 27 were excluded for not meet-
ing the inclusion criteria or for meeting the exclusion criteria
(10 participants in the COPDG and 17 in the CG). The final
cohort comprised 91 individuals in the COPDG (49 GOLD I/
ITand 42 GOLD III/IV) and 81 age- and sex-matched individ-
uals in the CG (Fig. 1).

Study design

This was a cross-sectional study conducted to assess the prev-
alence of osteoporosis, osteopenia, and fractures in a popula-
tion of patients with COPD, and identify potential risk factors
for fractures in this cohort. Data collection and assessments
were performed between August 2012 and December 2014.

All subjects answered a questionnaire about personal med-
ical history (current and previous illnesses), alcoholism and
smoking habits (quantified in pack-years), regular medica-
tions in use, number of times using oral glucocorticoids in
the previous year, fractures in the previous 5 years resulting
or not from falls (except fractures of the skull, hands, and feet),
and physical activity (at least twice a week). Blood samples
were collected in the morning after at least 8 h of fasting for
measurement of levels of parathyroid hormone (PTH), 25-
hydroxyvitamin D (25[OH]D), C-terminal telopeptide of type
I collagen (CTX), procollagen type 1 N-terminal propeptide
(PINP), osteocalcin, total calcium, creatinine, and thyroid-
stimulating hormone (TSH). The samples were processed
and frozen at — 70 °C for further laboratory testing.

Following anthropometric assessments (weight, height,
and body mass index [BMI]), all subjects underwent lumbar
spine, femur, and whole-body DXA.

Methods
Laboratory analyses

PTH was measured by immunoelectrochemical assay (Roche
Elecsys 2010, Roche, Roche Diagnostic, Indianapolis, IN,
USA). Serum 25(OH)D was measured by chemiluminescence
assay (Roche Elecsys 2010, intra-assay variation 4.1%,
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Fig. 1 Flowchart of recruited
patients according to the inclusion
and exclusion criteria

[

men and women

199 recruited individuals
>40 years

101 individuals COPDG
stable disease >3 months

98 individuals CG
nonsmokers or past smokers

10 excluded:

17 excluded:
2 use of bisphosphonates,

6 use of bisphosphonates
4 restrictive conditions

1 hormone replacement therapy,

6 restrictive or obstructive conditions,
4 unable to perform spirometry,

1 chronic renal insufficiency,

3 withdrawal

[ 172 individuals (91 COPDG and 81 CG) }

interassay variations 17.5% and 17%). Serum levels of bone
formation (P1NP) and resorption (CTX) markers were assessed
by chemiluminescence (Roche Elecsys 2010). Serum total cal-
cium, creatinine, and TSH were measured with standard auto-
matic assays and by colorimetric, colorimetric kinetic, and
electrochemiluminometric methods (Cobas 6000; Roche
Diagnostics, Indianapolis, IN, USA), respectively.

Bone densitometry

All bone densitometry (DXA) measurements were performed
by the same operator at the Endocrinology Centre of
UNIFESP/EPM on a Lunar-GE device (model NT GE
Medical Systems, Madison, WI, USA). Positioning and image
acquisition were carried out according to the International
Society for Clinical Densitometry (ISCD) protocol [9].
BMD values (g/cm?) and their respective T-scores were ob-
tained from the lumbar spine (L1-L4), total hip, and femoral
neck for a diagnostic classification according to the criteria by
the World Health Organisation (WHO) [10] and the ISCD.
In terms of body composition, we assessed the patients’
appendicular lean mass (ALM, lean mass of arms and legs),
appendicular lean mass index or Baumgartner index (ALM/
heightz), and fat mass index (FMI,; total fat mass/heightz) [11].

Spirometry

The subjects were instructed to avoid caffeinated products and
bronchodilators 12 h before the test. All participants underwent
spirometry testing with qualified professionals using the Easy
One spirometer (ndd Medical Technologies, Zurich,
Switzerland) according to the 1994 guidelines of the
American Thoracic Society [12] for measurement of the forced
vital capacity (FVC) and forced expiratory volume in 1 s
(FEV1), and calculation of the FEV1/FVC ratio. Three

consecutive measurements were performed, followed by a
fourth measurement after bronchodilation with salbutamol
400 pg.

Fracture assessment

A) Clinical evaluation: all patients completed a question-
naire assessing the occurrence of fractures resulting or
not from falls in the previous 5 years. All reported frac-
tures were considered in the analysis, except for those in
the skull, hands, and feet, and fractures due to large
traumas (high-impact fractures).

Spinal radiographs: 162 subjects (85 COPDG and 77
CG) underwent posteroanterior and lateral thoracic and
lumbar spine radiographs for detection of thoracic and/or
lumbar spinal fractures. Only fractures grade II and III
according to Genant’s semiquantitative assessment were
considered [13]. All radiographs were read by the same
radiologist.

B)

The term “total fractures” was used to refer to the number
of fractures reported by the patient plus the number of radio-
graphic spine fractures. Each individual was considered only
once in the analysis of fractures.

Statistical analysis

Statistical analyses were performed with the R Core Team
program (2016) [14]. Variables are represented as mean and
SD values. The Kolmogorov-Smirnov test was used to eval-
uate normality. Student’s ¢ test was applied to compare bone
markers, age, BMI, pack-years, BMD, fat mass, and lean mass
indexes between the COPDG and CG. These same variables
in the GOLD I/Il and GOLD III/IV COPDG subgroups were
compared with ANOVA, paired Student’s ¢ test, and
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Bonferroni correction to detect differences when ANOVA was
significant. These tests were also used to compare body com-
position in the three groups.

Fisher’s exact test was used to evaluate qualitative vari-
ables in the COPDG and CG and identify differences between
the subgroups of men and women in relation to the prevalence
of fracture. This test was also used to analyze comorbidities
between the groups. Univariate models evaluated the correla-
tion between all variables and the occurrence of osteoporosis,
osteopenia, and fractures, and the correlations with p values <
0.05 were explored further on a multivariate analysis.
Subsequently, multiple regression models, based on the back-
ward and forward stepwise methods, with tests for the input
and output of each variable, were performed as follows: (1)
multiple normal models to assess the association between
BMD at the three sites analysed and other variables of the
database and for BMD and COPD grades (groups GOLDI/II
and GOLD II/IV); (2) multinomial regression model to assess
in the COPDG the odds ratio (OR) of osteopenia and osteo-
porosis in relation to normal subjects; (3) logistic regression
model to assess the odds of fracture in the study population,
resulting in the calculation of the OR for fractures in COPDG
compared with the CG. The same risk was also calculated for
patients with GOLD I/II and III/IV using the multiple logistic
model.

Univariate logistic regression models were adjusted for the
association between the presence of radiographic fractures in
men in the COPDG and in all men. Breslow-Day test assessed
the homogeneity between the OR of fractures in the COPDG
and CG for the categories “normal”, “osteopenia”, and “oste-
oporosis”. Additionally, a ROC curve analysis was performed
to estimate the OR of fracture in GOLD I/Il and III/IV patients
and controls and calculate the T-score cut-off point, increasing
the chance of a correct classification of fractured subjects.
With that, we established T-score values from which the OR
of fracture would be higher for the group. P <0.05 was con-
sidered significant.

Results

Table 1 presents a comparison of general and demographic
characteristics, medical history, lifestyle habits, physical activ-
ity and body composition data, and laboratory results of the
subjects in the COPDG and CG. Men predominated in both
groups (60.4% and 58.0% in the COPDG and CG, respective-
ly), but the distribution of participants by sex and age was
comparable in both groups (Table 1). Practice of regular phys-
ical activity (at least twice a week) and alcohol consumption
was comparable between groups, but smoking and prior
smoking were significantly more frequent in the COPDG.
Both groups had comparable distributions of the comorbidi-
ties hypertension, diabetes mellitus (DM), dyslipidemia, and
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coronary disease, as well as continuous use of medications
(diuretics, insulin, and oral antidiabetic agents) (Table 1).
When compared with subjects in the CG, those in the
COPDG presented lower mean weight and BMI values, as
well as differences in body composition, indicated by lower
ALM, FMI, and Baumgartner index values (Table 1).

Serum levels of total calcium and TSH were comparable in
both groups (Table 1). The mean creatinine value was signif-
icantly higher in the COPDG compared with the CG, but all
participants had a normal renal function (Table 1). Evaluation
of serum bone metabolic parameters revealed higher PTH
levels and lower 25(OH)D and CTX levels in the COPDG
compared with the CG. Table 2 shows the variables that cor-
related significantly with osteopenia, osteoporosis, and frac-
tures in the univariate model.

Mean BMD values were lower in the COPDG compared
with the CG at all sites evaluated (Table 3). Within the
COPDG, the mean BMD values were significantly higher in
GOLD I/1I versus GOLD III/IV subjects at all sites: L1-L4
(1.098 £0.200 g/cm? vs. 0.988+0.180 g/cm?, respectively,
p<0.01), femoral neck (0.889+0.130 g/cm2 vs. 0.830 +
0.130 g/ecm?, respectively, p=0.03), and total hip (0.942 +
0.140 g/cm? vs. 0.883 £0.130 g/cm?, respectively, p = 0.04).

Rates of osteopenia and osteoporosis were significantly
higher in the COPDG than the CG (Table 3). Individuals in
the COPDG were 2.4 times and 2.6 times more likely to pres-
ent osteopenia and osteoporosis, respectively, than those in the
CG according to the following adjusted multinomial regres-
sion model equations:

0Odds of osteopenia 6(0,6834+0.8975 x group*+0.0463 x age—0.0487 x weight)

0Odds of osteoporosis 6(71.3439+0.9590 X group*+0.0725 x age—0.0937 x weight)

*CG=0and COPDG=1
(p <0.05 for the variables group, age, and weight)

Fractures due to falls within the previous 5 years were more
frequent in the COPDG compared with the CG (Table 3).
Subjects with more severe pulmonary disease also had a
higher percentage of falls with fractures (GOLD /Il group
26.5%, GOLD III/IV group 47.6%, and CG 7.4%, p <0.01).

The percentage of subjects with vertebral radiographic
fractures was not significantly different between the groups
(Table 3). However, when analyzed by sex, men with COPD
had about 4 times more radiographic fractures than men in the
CG (p=0.01). A similar analysis including only women
showed no significant differences.

Individuals in the COPDG had a higher prevalence of total
fractures (reported and observed) than those in the CG.

In subjects in the COPDG, total fractures were more prev-
alent among those with more severe lung disease (CG: 17.2%,
GOLD I/1I: 51%, and GOLD III/IV: 64.2%, p <0.01). This
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Table 1 Demographics, medical
history, lifestyle habits, physical Control group COPD group p
activity, body composition, and n=_81 n=91
laboratory data of individuals in
the COPD and control groups Demographic data of the study population
Age (years) 64.1+£89 662+9.2 0.08
Number of men 47 55 0.76
Number of women 34 36
Lifestyle habits, medical history, and medications in use (number of individuals)
Alcohol consumption 2 4 0.68
Current smoking 0 4 <0.01
Former smoking 26 75
Never smoking 55 12
Physical activity 40 37 0.28
Diabetes 20 16 0.34
Hypertension 41 52 0.36
Heart disease 3 10 0.08
Dyslipidemia 9 13 0.64
Thiazide diuretics 18 21 0.99
Insulin 1 4 0.37
Oral antidiabetic agents 12 13 0.99
Anthropometric and body composition data
Weight (kg) 76+12.8 70.4+13.1 0.01
BMI (kg/m?) 29.4+4.4 2735+5.1 0.01
ALM (kg) 20.3+44 19.0£4.1 0.05
Baumgartner index (kg/m?) 78+1.2 731+1.1 0.01
FMI (kg/m?) 10.5+3.8 8.8+4.1 0.01
Laboratory data
Total calcium (RV 8.6-10.2 mg/dL) 9.12+0.65 9.14+0.68 0.82
Creatinine (RV 0.5-1.2 mg/dL) 0.72+0.27 0.84+£0.23 0.01
TSH (RV 0.27-4.20 mIU/mL) 2.76+3.1 326+1.3 0.67
PTH (RV 10-65 pg/mL) 452 +14.1 52.7+£22.7 0.01
25(0H)D (RV 30-60 ng/mL) 28.8+10.2 24.04+11.7 0.01
CTX (RV <0.650 ng/mL) 0.378 £0.190 0.322+0.170 0.04
PINP (RV 13.8-60.9 png/L) 51.3+£274 45.0£24.4 0.12
Osteocalcin (RV 1446 ng/mL) 204 +8.5 19.31+10.3 047

P values <0.05 were considered significant. RV reference value, BMI body mass index, ALM appendicular lean

mass, FMI fat mass index

difference remained significant even when the groups were
analyzed by sex (Table 3).

Bone densitometry data and body composition parame-
ters were also different in men in the COPDG versus men in
the CG (Table 4). These differences were not significant
among women (data not shown). When we compared men
with and without radiographic fractures in both groups
(COPDG and CGQG), those with fractures were older (72.2 +
7.4 vs. 65.3£9.3 years, p=0.008) and had a greater
smoking burden (96.6+31.4 pack-years vs. 41.5+26.8
pack-years, p <0.01) in relation to those without radiograph-
ic fractures. Men with fractures compared with those without
fractures had lower mean BMD values at the femoral neck

(0.828+£0.126 vs. 0.942+0.166 g/cm?, respectively, p =
0.008) and total hip (0.900+0.137 g/cm? vs. 1.013 +
0.172 g/em?®, respectively, p=0.01). When only men with
COPD were analyzed, those with radiographic fractures,
compared with those without fractures, were also older
(72.5+6.03 vs. 66.2+£9.72 years, respectively, p=0.03)
and had a greater smoking burden (96.6+31.4 vs. 42.1+
27.6 pack-years, p <0.01), but the BMD values did not dif-
fer between individuals with or without fractures: L1-L4
(1.048 £0.190 vs. 1.093+£0.190, respectively, p=0.649),
femoral neck (0.823 +£0.140 vs. 0.884 £0.13, respectively,
p=0.146), and total hip (0.894+0.150 vs. 0.941 +0.130,
respectively, p =0.343).
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Table 2 Variables that emerged as significant in the univariate models for osteopenia, osteoporosis, and fractures

Coefficient SD OR 95% C1 p
Osteopenia
COPDG 1.09 0.37 2.97 1.44-6.14 <0.01
Age (years) 0.05 0.02 1.06 1.01-1.10 0.01
Weight (kg) —-0.05 0.02 0.95 0.92-0.98 <0.01
BMI (kg/m?) -0.12 0.04 0.89 0.82-0.96 <0.01
Osteocalcin (ng/mL) 0.05 0.02 1.05 1.00-1.10 0.04
PTH (pg/mL) 0.03 0.01 1.03 1.00-1.05 0.02
Use of inhaled glucocorticoids (past 3 months) 0.87 0.39 2.38 1.12-5.07 0.02
FEV1/FVC -0.02 0.01 0.98 0.96-1.00 0.03
Spine T-score -1.13 0.20 0.32 0.22-0.48 <0.01
Femoral neck T-score -4.13 0.80 0.02 0.00-0.08 <0.01
Total hip T-score -2095 0.54 0.05 0.02-0.15 <0.01
Baumgartner index (kg/m?) -0.70 0.17 0.50 0.35-0.70 <0.01
Appendicular lean mass (kg) 0.00 0.00 1.00 1.00-1.00 <0.01
Lean mass index 0.00 0.00 1.00 1.00-1.00 <0.01
Osteoporosis
COPDG 1.35 0.44 3.86 1.63-9.10 <0.01
Age (years) 0.08 0.02 1.09 1.04-1.14 <0.01
Weight (kg) -0.10 0.02 0.90 0.87-0.94 <0.01
BMI (kg/m?) -0.17 0.05 0.84 0.76-0.93 <0.01
Osteocalcin (ng/mL) 0.07 0.03 1.07 1.02-1.13 0.01
PTH (pg/mL) 0.03 0.01 1.03 1.00-1.06 0.02
Use of inhaled glucocorticoids (past 3 months) 1.60 0.45 4.95 2.05-11.94 <0.01
Use of oral glucocorticoids (times in the past year) 2.17 1.00 8.75 1.24-61.69 0.03
FEV1 -0.03 0.01 0.97 0.96-0.99 <0.01
FEVI/FVC -0.03 0.01 0.97 0.95-0.99 <0.01
Spine T-score —2.74 0.38 0.06 0.03-0.14 <0.01
Femoral neck T-score -6.42 0.92 0.00 0.00-0.01 <0.01
Total hip T-score —4.25 0.61 0.01 0.00-0.05 <0.01
Fat mass index —0.12 0.05 0.88 0.79-0.98 0.02
Baumgartner index (kg/m?) —0.72 0.20 0.49 0.33-0.73 <0.01
Appendicular lean mass (kg) 0.00 0.00 1.00 1.00-1.00 <0.01
Lean mass index 0.00 0.00 1.00 1.00-1.00 0.01
Fractures
COPDG 1.85 0.36 6.38 3.13-12,97 <0.01
Age (years) 0.06 0.02 1.06 1.02-1.09 <0.01
Creatinine (mg/dL) 1.63 0.67 5.10 1.38-18.8 0.01
PTH (pg/mL) 0.02 0.01 1.02 1.00-1.03 0.04
Use of inhaled glucocorticoids (past 3 months) 1.69 0.34 5.43 2.78-10.59 <0.01
Smoking 1.22 0.35 3.40 1.69-6.80 <0.01
Pack-years 0.02 0.01 1.02 1.00-1.04 0.03
FEV1 —-0.02 0.01 0.98 0.95-0.97 <0.01
FEV1/FVC —0.04 0.01 0.97 0.95-0.97 <0.01
Spine T-score -0.23 0.10 0.80 0.65-0.96 0.02
Femoral neck T-score —0.84 0.18 0.43 0.29-0.61 <0.01
Total hip T-score -0.83 0.18 0.44 0.30-0.61 <0.01
Presence of osteopenia on bone densitometry 1.48 043 4.39 1.88-10.21 <0.01
Presence of osteoporosis on bone densitometry 1.66 0.48 5.25 2.04-13.46 <0.01

P values <0.05 were considered significant. SD standard deviation, OR odds ratio, CI confidence interval, FEV! postbronchodilator forced expiratory
volume in 1 s, FEVI/FVC of postbronchodilator forced expiratory volume in 1 s/forced vital capacity ratio
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Table 3 Results of bone

densitometry and percentage of Control group n=81 COPD group n=91 p

vertebral fractures in the COPD

and control groups Bone densitometry
BMD L1-L4 (g/cm?) 1.130+0.230 1.050+0.190 0.01
Spine T-score —05+1.8 -13+1.6 0.01
BMD femoral neck (g/cmz) 0.960+0.180 0.860+0.130 <0.01
Femoral neck T-score -0.6+1.3 -14+1.0 <0.01
BMD hip (g/cm?) 1.030+0.180 0.920+0.140 <0.01
Total hip T-score -02+1.3 -1.0+1.0 <0.01
% of osteoporosis diagnosis 17.3 29.7 <0.01
% of osteopenia diagnosis 383 50.5 <0.01

Evaluation of fractures

Individuals with fractures due to falls (%) 7.4 36.3 <0.01
Individuals with radiographic fractures (%) 9.1 18.8 0.11
Men with radiographic fractures (%) 6.5 25.9 0.01
Women with radiographic fractures (%) 12.9 6.9 0.67
Total fractures (radiographic and reported) (%) 17.2 57.1 <0.01
Total fractures in men (%) 14.9 60.0 <0.01
Total fractures in women (%) 20.5 52.0 <0.01

P values <0.05 were considered significant. BMD bone mineral density

Considering total fractures (reported and radiographic), the
odds of fracture when both groups were considered according
to the following adjusted multinomial regression model
equation:

QOdds of fracture

_ e*2.3217+1.5596 x group*-0.7301 x T—score femoral neck

*CG=0and COPDG=1

(p <0.05 for the variables group and femoral neck T-score)

Based on this equation, each 1 SD reduction in femoral
neck T-score increased the odds of fractures by 2.07 times.
However, the OR of fracture was 4.7 times greater in the
COPDG compared with the CG. For example, in subjects with
a T-score value of — 3.0, the ORs of fracture were 4.17 in the
COPDG and 0.87 in the CG. In addition, the odds of fracture
increased exponentially with a T-score < — 0.6 in the COPDG,
while in the CG, this occurred at the —2.7 SD threshold
(Fig. 2). In the assessment according to the severity of the
disease, the odds of fracture were 4.3 and 5.4 times higher in
GOLD I/Il and GOLD III/IV patients, respectively, when
compared with CG subjects. The thresholds for an exponential
increase in the OR of fractures according to femoral neck T-
score were — 0.6 and — 0.3 for GOLD I/II and III/TV,
respectively.

Subjects in the COPDG had significantly higher odds of
fracture than those in the CG across all DXA categories
(Table 5). In the categories “normal”, “osteopenia”, and “os-
teoporosis”, individuals in the COPDG presented 5.3, 5.7, and

4.09 times greater ORs, respectively, than CG subjects in the
same categories. There were no differences among the ORs of
the three categories (OR 0.93; Breslow-Day test) (Table 5).

Discussion

In this study, subjects with COPD, compared with controls,
had a lower BMD and 2.6 times increased odds of osteoporo-
sis. They also had nearly 5 times increased odds of bone frac-
tures than matched CG individuals.

Men with COPD had more radiographically documented
vertebral fractures than control men, and more falls resulting
in fractures. This finding is clinically relevant, considering
that vertebral fractures may further reduce lung capacity,
resulting in a greater limitation and worsening of the respira-
tory condition [15]. Hip fractures in patients with COPD are
associated with increased mortality in men when compared
with women [16]. Of note, screening of osteoporosis in men
is usually not performed routinely. Morden et al. found that a
male population with COPD performed fewer densitometry
tests and received less treatment for osteoporosis, despite a
high rate of fractures [7]. Considering that COPD is more
prevalent in men [17], assessment of fracture risk in this sub-
group becomes even more relevant. Adding to this evidence,
our results suggest that men with COPD should be better
evaluated for bone fragility.

BMD is a DXA parameter that estimates the risk of fracture
with high specificity according to the T-score threshold
adopted as a cut-off value. The WHO has defined T-scores
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Table 4 Results of male
participants in the COPD and

Men-control n =47 Men-COPD n =55 P

control groups

Demographic data of the study population

Age (years) 65.1£94 67.8+£9.2 0.11
Anthropometric and body composition data
Weight (kg) 78.5+12.1 71.7+11.6 0.007
BMI (kg/m?) 28.6+3.94 26.1+£3.84 0.002
ALM (kg) 22.8+3.374 21.5+3.109 0.013
Baumgartner index (kg/m?) 8.3+1.03 7.8+1.05 0.004
FMI (kg/m?) 8.8+3.1 6.9+2.8 0.003
Laboratory data
BMD L1-L4 (g/em?) 1.188+0.236 1.080+£0.190 0.038
Spine T-score -02+19 -1.1+15 0.025
BMD femoral neck (g/cmz) 0.984+0.178 0.868 +0.130 0.001
Femoral neck T-score -06+13 —-15+1.0 <0.01
BMD total hip (g/cm?) 1.067+0.178 0.928+0.136 <0.01
T-score total hip —-0.15+1.2 -1.1+£09 <0.01
Diagnosis of osteoporosis (%) 7 15 0.025
Diagnosis of osteopenia (%) 18 28 0.025
Evaluation of fractures
Individuals with fractures due to falls (%) 10.6 38.1 0.001
Individuals with radiographic fractures (%) 6.5 25.9 0.01
Total fractures (radiographic and reported) (%) 14.9 60.0 <0.01

P values <0.05 were considered significant. BMI body mass index, ALM appendicular lean mass, FMI fat mass

index, BMD bone mineral density

<—2.5 as diagnostic of osteoporosis. This threshold was valid
for our control population, in which the cut-off value for in-
creased odds of fracture was — 2.7, but in the COPDG, in-
creased odds of fractures were defined at a femoral neck T-
score below — 0.6. This occurred in 62.9% of all the subjects
classified as osteoporotic by DXA and in a similar proportion
(63%) of those with osteopenia, suggesting that the interpre-
tation of DXA in this population should be done carefully. Our

results demonstrate that BMD is unable to fully capture the
determinants of bone strength in COPD, and that the T-score
should not be solely interpreted according to the WHO clas-
sification for the purpose of evaluating the risk of fracture in
this population. Our study showed that for the same T-score,
individuals in the COPDG had much higher odds of fracture
(4.7 times) compared to those in the CG (Fig. 1). Parameters
other than BMD should also be considered. For example,
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Table 5 Distribution of ,
individuals in the COPD and Control group COPD group p* OR**
control groups in regard to the ]
presence or not of total fractures Bone densitometry report
in the three categories defined by Normal 5.3 (p=0.04)
bone densitometry Individuals with fractures-n (%) 3(8.3) 6(33.3) 0.05
Individuals without fractures-n (%) 33 (91.6) 12 (66.6)
Total 36 (100) 18 (100)
Osteopenia 5.7 (p<0.01)
Individuals with fractures-n (%) 7 (22.6) 29 (63.0) 0.001
Individuals without fractures-n (%) 24 (77.4) 17 (36.9)
Total 31 (100) 46 (100)
Osteoporosis 4.09 (p=0.05)
Individuals with fractures-n (%) 4 (28.6) 17 (62.9) 0.07
Individuals without fractures - n (%) 10 (71.4) 10 (37.0)
Total 14 (100) 27 (100)

P values <0.05 were considered significant. P* chi-square test; ** Breslow-Day test for odds ratio (OR): odds of
fracture among individuals in the COPD and control groups for the results normal, osteopenia, and osteoporosis

assessment with thoracic and lumbar spine radiographs could
improve the detection of vertebral fractures, even in asymp-
tomatic individuals.

In evaluating a patient’s absolute risk of fracture, consider-
ation of BMD-unrelated factors, some that in fact impairs the
structural bone strength such as age, smoking, and associated
diseases [18-20], can yield greater accuracy. Among tools
developed to assess the risk of fracture, the most popular is
FRAX [21]. Although FRAX has a good accuracy [22] and
has been validated in several studies, in cases of secondary
osteoporosis, FRAX may underestimate the importance of
specific conditions, like diabetes [23]. Additionally, the value
of risk assessment tools for the male population, in particular,
is lacking [24].

The GLOW study showed that the addition of several co-
morbidities to FRAX, including COPD, increases the predic-
tion of fractures [25]. Based on that, we conclude that COPD
is an important risk factor and may be considered an indepen-
dent risk factor for the occurrence of fractures. However, lon-
gitudinal studies are needed and should be incorporated into
existing fracture prediction tools.

The pathophysiology of bone disease in COPD is still un-
clear. Studies with high-resolution computed microtomography
and bone biopsy in women with COPD reveal not only de-
creased bone mass, but also inferior bone quality and dynamic
parameters suggestive of low remodelling, reduced osteoblastic
activity, and a higher prevalence of vertebral fractures [26]. Our
findings support this evidence, as patients with COPD had a
lower concentration of serum CTX, a marker of bone turnover.
Chronic hypoxemia may be one of the causes of reduced bone
mass in individuals with chronic respiratory failure [27].

Hypoxia-inducible factor 1o« (HIF-1), an important tran-
scription factor in cellular response to hypoxia [28], is increased
in COPD [29]. Chen et al. demonstrated that HIF-1 inhibits
bone formation by suppressing the Wnt pathway [30].

Additionally, runt-related transcription factor 2 (RUNX2), an
important modulator of bone formation, appears to have lower
expression in this situation [31], while the production of medi-
ators of inflammation that suppress bone formation, like IL-
Ibeta [32], TNF-alpha [33], and IL-6 [34], seems to be in-
creased. Some authors have observed an increased secretion
of receptor activator of nuclear factor kappa-B ligand
(RANKL) and a reduction of osteoprotegerin, suggesting that
bone resorption may also be increased in COPD [35].

In the present study, the COPDG had higher PTH levels,
possibly due to lower 25(OH)D concentrations. Several stud-
ies have shown individuals with pulmonary disease to be vi-
tamin D deficient [36, 37]. This may be attributed to decreased
sun exposure due to restricted mobility, as many studies have
shown the vitamin deficiency to be related to greater pulmo-
nary disease severity, lower ability to exercise, and reduced
muscle strength [38, 39], in addition to increased muscle ca-
tabolism related to inflammation [36].

Aligned with the literature [39], our results of body com-
position assessment showed that individuals with COPD had
lower BMI and fat mass compared with controls. Compared
with participants in the CG, individuals in the COPDG pre-
sented lower lean mass values assessed by the Baumgartner
index, a finding associated with worse outcomes, according to
some authors [40]. However, none of the body composition
parameters assessed in our study correlated with BMD or
fractures.

One of the limitations of our study was the cross-sectional
design, which allowed us to observe the prevalence but not the
incidence of fractures, since our subjects were not treated for
bone fragility. Other limitations included the consideration of
reported fractures, since only vertebral fractures were docu-
mented by radiography, and also the absence of functional
tests to document the sarcopenia (only body composition by
DXA was performed). The fact that we were unable to match
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the groups according to anthropometric parameters other than
age and sex, or to determine the ethnicity of our population
during data collection, was also a limitation of the study.

Our study has several strengths, including the comparison
of the results against controls matched by sex and age, which
increases the power of associations and risks of events. The
evaluation of bone remodelling markers allowed a potential
understanding of the pathophysiology of bone changes in sub-
jects with COPD. Other strengths included the analysis of
thoracic and lumbar spine radiographs, which allowed docu-
mentation of the most frequent fractures in our cohort, and
quantification of falls resulting in fractures.

Conclusions

This cross-sectional study with participants matched by sex
and age revealed an increased prevalence of bone fragility and
fractures in individuals with COPD, regardless of bone mass,
as fractures occurred in individuals with either osteopenia or
osteoporosis. We emphasize the importance of the assessment
of fracture risk in individuals with COPD, since this pulmo-
nary dysfunction could be considered a relevant risk factor for
the occurrence of such events. Fractures have an important
impact on the morbidity and mortality in this already frail
population. Our findings also indicate the importance of
COPD as an independent risk factor for the occurrence of
these events in the general population.
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