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Abstract

Summary A very high rate of osteoporosis, fractures, and low lean mass was observed in patients with chronic obstructive
pulmonary disease (COPD). Disease severity was associated with bone and muscle adverse outcomes, while age > 63.5 years old,
low lean mass, higher iPTH, and a T-score below — 2.5 were all associated with higher risk of fracture.

Introduction Osteoporosis is frequently neglected in patients with COPD. We aimed at evaluating the rate of osteoporosis,
fractures, and low lean mass in patients with COPD.

Methods Ninety-nine patients with COPD (53 women, 64.5 +9.6 years old, and 46 men, 65.9 + 8.0 years old) underwent bone
densitometry (DXA) with body composition analyses. Healthy individuals (V= 57) not exposed to tobacco matched by sex, age,
and body mass index (BMI) were used as controls. Spirometry, routine laboratory workout, and conventional thoracolumbar
radiography surveying for vertebral deformities were performed in all patients.

Results Osteoporosis was found in 40.4% of the COPD patients against only 13.0% of the healthy controls (p =0.001).
Vertebral fractures were seen in 24.4% of the men and 22.0% of the women with COPD. Disease severity (GOLD 3 and
4) was significantly associated with higher risk of vitamin D deficiency (p = 0.032), lower BMD (both men and women
at all sites), higher frequency of osteoporosis (in women at all sites), lower skeletal mass index, and higher rate of low
lean mass (in both men and women) than healthy controls and COPD patients with milder disease (GOLD 1 and 2). Age
was a main predictor of vertebral fractures (OR =1.164 (1.078-9.297); p <0.001), while high plasma iPTH (OR = 1.045
(1.005-1.088); p=10.029) and low ALM (OR =0.99965 (0.99933-0.99997); p=0.031) were predictors of non-vertebral
fractures.

Conclusion Highly prevalent in COPD, osteoporosis and low lean mass were associated with FEV ¢, < 50%. Age, low lean mass,
high iPTH, and low bone mass were all significantly associated with fractures in COPD patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized
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tobacco [1]. Highly prevalent, COPD affects quality of life and
54 C.HM. Castro increases hospitalization and death [2, 3]. Patients with higher
cheldan@uol.com.br airflow limitation have higher risk for exacerbations, hospitali-
zations, and death [1]. Among other comorbidities, osteoporosis
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Pulmonology Division, Escola Paulista de Medicina/Universidade has ranged from 17 to 35% [6, 7] and depends upon the defini-
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Characterized by low bone mass and compromised bone
quality and strength leading to an increased risk of fractures
[8—11], osteoporosis is frequently neglected and only diag-
nosed after a fracture. Hip fractures increase mortality by 15
to 20% in 1 year [11]. Systemic inflammation in COPD pa-
tients contributes to loss of weight and lean mass in advanced
stages [10, 12, 13]. Glucocorticoid use, sedentary lifestyle,
and lower concentrations of vitamin D may all contribute to
a higher incidence of osteoporosis in COPD patients [4, 5].

Only a few studies have analyzed predictors of osteoporo-
sis and fractures in patients with COPD [8]. There is no spe-
cific recommendation to screen for bone fragility and loss of
muscle mass or to initiate anti-osteoporosis drugs in these
patients [14]. In the present study, we evaluate the rate of
osteoporosis, fragility fractures, and low lean mass in a cohort
of COPD patients seen at a tertiary hospital. Potential risk
factors associated with skeletal fragility and body composition
abnormalities were also investigated. The study was mainly
interested in determining whether poor lung function in
COPD is an independent risk factor for low lean mass and
fragility fractures.

Patients and methods
Patients and healthy controls

Patients with COPD were consecutively evaluated at the
Pulmonology’s Outpatient Clinics at UNIFESP/EPM in Sao
Paulo, Brazil, between November 2013 and December 2015.
Patients were selected by convenience and underwent bone
densitometry with body composition analyses, spirometry,
laboratory tests, and thoracolumbar conventional X-ray.
Healthy individuals with no exposure to tobacco matched by
age, sex, and body mass index (BMI) were used as controls.
Individuals with history of fragility fracture, chronic diseases,
or use of medications that affect bone and mineral metabolism
were excluded from the healthy controls. Patients answered a
structured questionnaire on medical history, previous diagno-
sis, and treatment of osteoporosis [15]. Cumulative smoking
was measured as pack-years. The local UNIFESP/EPM’s
Ethics Committee approved the study protocol and all partic-
ipants gave informed consent before entering the study.

Body composition analyses and bone mineral density
measurements

Bone densitometry at the lumbar spine, proximal femur, and
whole body using dual X-ray absorptiometry (DXA) tech-
nique was performed on a DPX MD+ (GE—Lunar DPX
Medical Systems Radiation Corporation, Madison, WI,
USA). Lumbar spine (L1L4), femoral neck, and total femur
bone mineral density (BMD) were measured as recommended
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[16]. The following parameters of body composition were
evaluated: appendicular lean mass (ALM) obtained by the
sum of lean mass of arms and legs and body fat (BF) in
kilograms and percentage. From the raw data obtained for
ALM, skeletal mass index (SMI) was calculated, according
to previously proposed model (SMI= ALM/height®) [17].
Accordingly, fat mass index (FMI) was calculated from BF
(FMI = BF/height®). Bone densitometry precision expressed
as the root mean square of the coefficients of variation (CV)
[18] for lumbar spine and total femur BMD, percentage of BF,
BF in grams, and ALM was 2, 3, 1.62, 1.53, and 1.64%,
respectively, as previously published [19]. The same examiner
performed acquisition and analysis of all DXA scans.

Diagnosis of osteoporosis was based on the International
Society of Clinical Densitometry 2007’s criteria [16]. The
frequency of low lean mass in the study population was in-
vestigated using the most recently proposed criteria: (1) the
European Working Group for Sarcopenia in Older People—
EWGSOP definition criteria SMI < 7.26 kg/m? in men and <
5.5 kg/m? in women [20] and (2) the criteria of the National
Institutes of Health (FNIH) Sarcopenia Project ALM/BMI
ratio < 0.789 in men and < 0.512 in women [21].

Spirometry

At the time of the DXA scan, pulmonary function tests were
performed in the COPD patients on a Clinical Pulmonary
Function-Spirometry (CPF-S, Medical Graphics
Corporation, St. Paul, MN, USA). The same examiner per-
formed all tests after daily calibration, according to manufac-
turer’s instructions. Analysis was performed according to
GOLD recommendations [1, 22]. Briefly, airflow limitation
as determined by spirometry is divided into four grades
(GOLD 1=FEV,4 >80, mild; GOLD 2=FEV,q 50-79,
moderate; GOLD 3 =FEV,¢, 3049, severe; and GOLD 4 =
FEV,q, <30, very severe) [1].

Fractures

Antero-posterior and lateral plain radiographs of the thoracic
and lumbar spine were systematically performed to survey for
vertebral fractures in the COPD patients. Genant’s criteria
were used to classify the type and severity of prevalent spinal
deformity [23]. Deformity grades I and I1I were considered as
clinically relevant vertebral fractures. An experienced investi-
gator (MMP) blinded to the clinical status of the subjects
performed all the radiographic vertebral fracture assessment.
Non-vertebral osteoporotic fractures were recorded from med-
ical charts and patient’s interview. Osteoporotic non-vertebral
fractures were defined as those occurring as a result of a low-
energy trauma or less [24].
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Physical function and activity

The Timed Up and Go test (TUG) was used to evaluate phys-
ical functioning and balance [25]. The Baecke questionnaire,
measuring habitual physical activity levels performed over the
past 12 months at work, during sports and at leisure time [26],
was applied to all patients. Baecke questionnaire was applied
as an interview by the same examiner.

Laboratory tests

All patients performed a complete laboratory workup includ-
ing whole blood count, serum urea, creatinine, alanine trans-
aminase (ALT), aspartate aminotransferase (AST), gamma
glutamyl transferase, alkaline phosphatase, C-reactive protein,
total calcium, ionized calcium, phosphate, magnesium, estra-
diol, follicle-stimulating hormone (FSH), luteinizing hormone
(LH), total testosterone, arterial blood gas analysis, thyroid-
stimulating hormone (TSH), and free T4, all performed under
standard techniques. 25-hydroxyvitamin D (25(OH)D) and
intact parathyroid hormone (iPTH) measurements were per-
formed using chemiluminescence immunoassays (Siemens
Advia Centaur XP and Siemens Immulite 2000 XPI, respec-
tively, Tarrytown, NY). Coefficient of variation for 25(OH)D
measurement using this method is 11.7%. The intra-assay CV
for iPTH ranged from 5.5 to 6.6%, and the inter-assay CV
ranged from 7.9 to 8.6% [27, 28].

Statistical analyses

Quantitative data are presented as mean + standard deviation
while categorical data are shown as n (%). Student’s 7 test was
used to compare variables with normal distribution while chi-
squared or Fisher’s exact test was used to compare COPD
patients and their healthy controls. Variables with non-
normal distribution were compared by nonparametric tests
(Mann-Whitney). One-way ANOVA was used for the com-
parison of three or more quantitative variables with normal
distribution and Tukey’s test as post hoc analysis.
Correlation coefficient of Pearson or Spearman was used for
variables with normal or non-normal distribution, respective-
ly. Simple and multiple linear regression analyses were used to
determine the independent variables associated with low bone
and lean mass in the COPD patients. Multiple logistic regres-
sion analysis was performed to determine the main risk factors
for fragility fractures in COPD patients. The association was
measured as odds ratio (OR) with 95% confidence intervals.
For both linear and logistic regression analyses, significance
level to select independent variables was set as p <0.1.
Selected variables were then tested in multiple regression
analyses by using the backward selection method.
Parameters used to start linear regression analyses were age,
ALM, SMI, BF, FMI, TUG, 25(0H)D, iPTH, FEV,q, and

GOLD status 1 and 2 versus 3 and 4. Categorical variables
used in the logistic regression analyses included having a T-
score <—2.5 (densitometric osteoporosis) and GOLD status
(GOLD 1 and 2 versus 3 and 4). Continuous variables used
in the logistic regression analyses were age, BMI, ALM, SMI,
BF, FMI, TUG, iPTH, 25(OH)D, FEV,, and BMD measure-
ments. Receiver operating characteristic (ROC) curve was
used to define potential cut-offs in quantitative variables
predicting fractures or low lean mass. The Statistical
Package for Social Science SPSS 23.0 was used for all anal-
yses. Significance level was set as p < 0.05.

Results

Population characteristics, osteoporosis, fractures,
and low lean mass

From a total of 500 patients registered in our COPD outpa-
tient’s clinics, 99 consecutive patients were contacted and
agreed to participate in the present study. Fifty-seven healthy
individuals matched by age, sex, and BMI were used as con-
trols. Anthropometric characteristics and clinical and
laboratorial parameters for the COPD patients and their
healthy controls are shown in Table 1. Most of the COPD
patients were smokers. Two COPD women were never
smokers: one had passive exposure to cigarette smoke and
the other had been exposed to fumes from wood oven.
Cumulative smoking in COPD patients was 61 +35.8 pack-
years. Spirometry showed mean percentage forced expiratory
volume in the first second FEV ;% of 51.3 +£17.3%. Most of
the COPD patients (94 individuals, 94.9%) were regularly
using inhaled glucocorticoid while only six patients had a
previous diagnosis of osteoporosis. As expected, COPD pa-
tients GOLD 3 and 4 had significantly higher PaCO2 and
lower PaO2 than GOLD 1 and 2 patients. Patients with
COPD GOLD 3 and 4 were significantly thinner and had
lower prevalence of diabetes mellitus than patients GOLD 1
and 2 (Table 1).

Recent spirometry data were available for 89 patients in-
cluded in the study. For our subsequent analyses, COPD pa-
tients were classified according to lung damage and airflow
obstruction measured by FEV% using the GOLD criteria
[22] in two groups: COPD GOLD 1 and 2 (FEV % >50%)
and COPD GOLD 3 and 4 (FEV ¢, <50%).

As seen in Table 1, most of the COPD patients were vita-
min D deficient or insufficient (serum 25(OH)D concentration
below 30 ng/mL). Patients with more severe disease (GOLD 3
and 4) also had significantly higher prevalence of vitamin D
deficiency than patients with milder disease (GOLD 1 and 2).
Secondary hyperparathyroidism (iPTH > 65 pg/mL with nor-
mal serum calcium) was detected in 23.6% of the COPD pa-
tients. In those patients, serum 25(OH)D levels were on
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Table 1 Anthropometric characteristics and clinical and laboratorial parameters in healthy controls and COPD patients assisted at the Pulmonology’s
Outpatient Clinics in the Federal University of Sdo Paulo—UNIFESP, Sao Paulo, Brazil, according to GOLD classification
Healthy COPD P COPD COPD P
(N=57) Total group GOLD 1 and 2 GOLD 3 and 4
(N=99) (N=46) (N=43)
Age, years (mean + SD) 65.8+8.0 65.1+8.9 0.588* 64.8+£9.2 64.1+74 0.673*
Male, N (%) 21 (36.8%) 46 (46.4%) 0.2427%* 21 (45.6%) 25 (58.1%) 0.245%*
BMI, kg/m2 (mean + SD) 262+4.0 264+6.1 0.817* 28.0+6.3 245+4.8 0.005*
Smoking
Current smokers, N (%) 0 19 (19.2) — 0@21.7) 5(11.6) 0.444%%*
Pack-years (mean + SD) - 61.0£35.8 - 65.2+35.2 58.0£36.8 0.246%**
FEV1% (mean + SD) - 51.3+17.3 - 64.6+12.0 37.6+8.1 <0.001%%*
Known comorbidities, N (%)
Hypertension 0 53 (53.5) - 25(54.3) 21 (48.8) 0.603**
Diabetes mellitus 0 19 (19.2) - 14 (30.4) 49.1) 0.013%*
Coronary heart disease 0 8 (8.1) - 4.(8.7) 3(7) 0.763%*
Depression 0 10 (10.1) - 8(17.4) 2 (4.7) 0.057**
Osteoporosis 0 6(0.06)
Inhaled glucocorticoid, N (%) 0 94 (94.9) 40 (86.9) 42 (97.6) 0.754%*
Laboratorial test (mean = SD)
Total calcium (8.6-10.2 mg/dL) - 9.4+0.6 - 9.4+0.6 9.5+0.5 0.478*
Creatinine (0.7-1.2 mg/dL) - 09+0.2 - 09+0.2 0.8+0.2 0.616%**
Intact PTH (15-65 pg/mL) - 52.6+21.3 - 52.7+24.4 52.8+18.3 0.898*
25(0H)D (30-100 ng/mL) - 259+12.8 - 27.8+14.8 232+9.7 0.232%*
25(0H)D <30 ng/mL, N (%) 68 (68.8) - 15 (55.6) 17 (85) 0.032%#*
C-Reactive protein (< 1.0 mg/L) - 6.6+9.6 - 53£75 85+12.1 0.052%**
ESR (< 15 mm) - 209+19.1 - 23.0£20.0 18.8+17.9 0.385%**
TSH (0.3-4.2 pulU/mL) - 25+1.8 - 27+2.1 23+14 0.706%**
Latic acid (4.5-14.4 mg/dL) - 14.8+5.0 - 14.7+4.2 14.4+4.7 0.807%**
Arterial blood gas analysis
Ph (7.35-7.45) - 7.40+0.06 - 7.40+0.08 7.41+0.03 0.712%**
PaCO2 (80-100 mmHg - 39.7+£6.2 - 37.8+£52 41.9+5.7 0.012%%**
PaO, (80-100 mmHg) - 68.2+9.3 - 62.7+7.5 62.3+84 <0.001*
HCO; (22-26 mEq/L) - 245+3.8 - 234+37 26.0+3.2 0.010%#*
Base excess (—3 —+3) - 0.6+3.0 - 0.0+2.8 1.7£2.6 0.051 ##*
Sa0, (95-98%) - 926+34 - 94.0+2.3 91.8+2.8 0.04*
T-score <—2.5, N (%) 6 (13) 40 (40.4) 0.001** 14 (30.4) 21 (48.8) 0.076**
Low lean mass’ 4(7.7) 30 (30.6) 0.001%#* 9 (20) 18 (41.9) 0.026%*

ESR erythrocyte sedimentation rate; 7.SH thyroid-stimulating hormone
# Comparison between GOLD 1 and 2 versus 3 and 4

“ Student’s 7 test

** Chi-squared test

** Mann-Whitney test

"Low lean mass defined by to the European group criteria

average 22.0 ng/mL (6.9-39.7 ng/mL). Testosterone, estradi-
ol, FSH, and LH were within the normal range for age and sex.

Two patients did not have data on L1L4 BMD measure-
ments due to structural artifacts in the spine while 9 other did
not have total hip measurements due to technical problems.
Using densitometric criteria [16], 40.4% of the COPD patients
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as a group had osteoporosis versus 13.0% of the healthy con-
trols matched by sex, age, and BMI (p =0.001), as shown in
Table 1. Body composition parameters were available for 98
COPD patients. One patient did not have body composition
parameters due to an acquisition error. Using the European
definition criteria [20], low lean mass was significantly more
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prevalent in the COPD patients (men and women as a group)
than in their controls. Patients with more severe disease
(GOLD 3 and 4 men and women) had significantly higher
rate of low lean mass than COPD men and women GOLD 1
and 2 (Table 1). About 42.2% of the men and 20.8% of the
women with COPD had low lean mass versus 14.3 and 3.2%
of healthy men and women, respectively (p =0.027; not
shown). No significant difference in the rate of low lean mass
was observed when FNIH definition criteria [21] were used
(46.7 and 34% versus 28.6 and 29%, respectively; p = 0.641).

Physical performance measured by the Baecke question-
naire showed that men with COPD had better performance
(4.06 £1.52) when compared to women (3.44+1.09; p =
0.047). Accordingly, men also had significantly better results
in the TUG test (10.4 £2.8 s) when compared to women (10.9
+2.8s; p=0.018).

Table 2 shows the frequency of osteopenia and osteoporo-
sis in our sample according to skeletal site, disease severity

measured by the GOLD status, and sex. Bone abnormalities
were significantly more prevalent in patients with more severe
disease (GOLD 3 and 4) than in GOLD 1 and 2 patients at all
skeletal sites taken together or separately and particularly
among women. In fact, the frequency of bone abnormalities
in men with COPD did not differ significantly between grades
GOLD 1 and 2 versus GOLD 3 and 4.

BMD measurements and body composition

BMD measurements and body composition parameters ac-
cording to disease severity and sex are shown in Table 3.
BMD measurements differ significantly between healthy sub-
jects and COPD patients. More severe disease (GOLD 3 and
4) was associated with significantly lower BMD particularly
among women when compared to both healthy controls and
GOLD 1 and 2 patients (milder disease). ALM was signifi-
cantly lower in COPD women with more severe disease

Table 2 Bone mineral density

(BMD) status in COPD patients All sites N p*
assisted at the Pulmonology’s ] ]
Outpatient Clinics in Federal Normal Osteopenia Osteoporosis
University of Sdo Paulo—
UNIFESP, Sdo Paulo, Brazil, ac- All patients GOLD 1 and 2 15 (36.2) 17 (37) 14 (30.4) 46 0.021
cording to sex and GOLD GOLD 3 and 4 4(9.3) 18 (41.9) 21 (48.8) 43
classification Men GOLD 1 and 2 4 (20) 8 (40) 8 (40) 20 0.725
GOLD 3 and 4 3(12.5) 12 (50) 9(37.5) 24
Women GOLD 1 and 2 11 (42.3) 9 (34.6) 6(23.1) 26 0.006
GOLD 3 and 4 1(5.3) 6(31.6) 12 (63.2) 19
Lumbar spine
Normal Osteopenia Osteoporosis
All patients GOLD 1 and 2 21 (46.7) 13 (28.9) 11 (24.4) 45 0.074
GOLD 3 and 4 11 (25.6) 13 (30.2) 19 (44.2) 43
Men GOLD 1 and 2 8 (40) 7 (35) 525) 20 0.819
GOLD 3 and 4 8(33.3) 8(33.3) 8(33.3) 24
Women GOLD 1 and 2 13 (52) 6 (24) 6 (24) 25 0.028
GOLD 3 and 4 3(15.8) 5(26.3) 11 (57.9) 19
Femoral neck
Normal Osteopenia Osteoporosis
All patients GOLD 1 and 2 21 (45.7) 21 (45.7) 48.7) 46 0.012
GOLD 3 and 4 11 (25.6) 18 (41.9) 14 (32.6) 43
Men GOLD 1 and 2 6 (30) 12 (60) 2 (10.0) 20 0.261
GOLD 3 and 4 9(37.5) 9(37.5) 6 (25.0) 24
Women GOLD 1 and 2 15 (57.7) 9 (34.6) 2(7.7) 26 0.002
GOLD 3 and 4 2 (10.5) 9(47.4) 8 (42.1) 19
Total hip
Normal Osteopenia Osteoporosis
All patients GOLD 1 and 2 21 (51.2) 17 (41.5) 3(7.3) 41 0.020
GOLD 3 and 4 12 (30) 16 (40.0) 12 (30) 40
Men GOLD 1 and 2 6 (35.3) 9(52.9) 2 (11.8) 17 0.407
GOLD 3 and 4 9(39.1) 8(34.8) 6 (26.1) 23
Women GOLD 1 and 2 15 (62.5) 8(33.3) 14.2) 24 0.005
GOLD 3 and 4 3 (17.6) 8 (47.1) 6 (35.3) 17

* Chi-squared test
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Table 3 Bone mineral density (BMD, g/cm?) and body composition
measurements in healthy subjects and COPD patients assisted at the
Pulmonology’s Outpatient Clinics in Federal University of Sdo Paulo—
UNIFESP, Sao Paulo, Brazil, according to sex and GOLD classification

N Men N Women
(mean £+ SD) (mean £ SD)
Lumbar spine BMD
Healthy controls 21 1.161+£0.215 25  0.991+0.142
COPDGOLD land2 20 1.015+£0.135 25 1079+0.196
COPDGOLD 3and4 24 1.020+0.177 19 0.862+0.213
p* 0.015 0.001
Femoral neck BMD
Healthy controls 20 0981+0.157 25 0.857+0.120
COPDGOLD 1and2 20 0.887+0.139 26 0.910+0.157
COPDGOLD3and4 24 0.842+0.136 19 0.722+0.125
pF* 0.008 <0.001
Total femur BMD
Healthy controls 21 1.046+0.158 23 0.882+0.101
COPDGOLD 1and2 17 0.942+0.159 24 0.958+0.172
COPDGOLD3and4 23 0.891£0.140 18 0.744+0.167
prEE 0.005 <0.001
Appendicular lean mass (kg)
Healthy controls 21 22.58+3.37 36 14.94+1.90
COPDGOLD 1and2 19  20.82+4.42 26  15.79+231
COPDGOLD 3 and4 24  20.28+3.22 19  13.73+£232
pt 0.104 0.008
Skeletal mass index (kg/m?)
Healthy controls 21 8.08+0091 36 6.21+0.68
COPDGOLD l1and2 19 7.61+1.31 26 6.55+092
COPDGOLD3and4 24 7.12£1.50 19 6.00+0.81
P 0.047 0.070
Body fat (%)
Healthy controls 21 272487 36 40.7+8.1
COPDGOLD 1and2 19 30.3+£89 26  403+10.9
COPDGOLD3and4 24 274+119 19 36.0+123
)4 0.560 0.237
Fat mass index (kg/mz)
Healthy controls 21 7.60+£4.30 36 4.46+1.68
COPDGOLD 1and2 19  8.19+3.81 26  10.58+5.43
COPDGOLD3and4 24  6.19£3.59 19 8.14+5.01
P 0.223 <0.001

* One-way ANOVA for men: post hoc test was Tukey test with p = 0.031
between healthy controls and GOLD 1 and 2; p = 0.028 between healthy
controls and GOLD 3 and 4; p=0.996 between GOLD 1 and 2 and
GOLD 3 and 4. One-way ANOVA for women: post hoc test was
Tukey-test with p = 0.221 between healthy controls and GOLD 1 and 2;
p=0.061 between healthy controls and GOLD 3 and 4; p=0.001 be-
tween GOLD 1 and 2 and GOLD 3 and 4

™ One-way ANOVA for men: post hoc test was Tukey test with p =0.106
between healthy controls and GOLD 1 and 2; p = 0.006 between healthy
controls and GOLD 3 and 4; p=0.562 between GOLD 1 and 2 and
GOLD 3 and 4. One-way ANOVA for women: post hoc test was
Tukey-test with p = 0.347 between healthy controls and GOLD 1 and 2;
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p=0.005 between healthy controls and GOLD 3 and 4; p <0.001 be-
tween GOLD 1 and 2 and GOLD 3 and 4

“* One-way ANOVA for men: post hoc test was Tukey test with p =
0.103 between healthy controls and GOLD 1 and 2; p =0.004 between
healthy controls and GOLD 3 and 4; p = 0.542 between GOLD 1 and 2
and GOLD 3 and 4. One-way ANOVA for women: post hoc test was
Tukey-test with p = 0.203 between healthy controls and GOLD 1 and 2;
p=0.012 between healthy controls and GOLD 3 and 4; p=0.001 be-
tween GOLD 1 and 2 and GOLD 3 and 4

# One-way ANOVA for women: post hoc test was Tukey test with p =
0.283 between healthy controls and GOLD 1 and 2; p =0.118 between
healthy controls and GOLD 3 and 4; p =0.006 between GOLD 1 and 2
and GOLD 3 and 4

# One-way ANOVA for men: post hoc test was Tukey test with p = 0.473
between healthy controls and GOLD 1 and 2; p = 0.037 between healthy
controls and GOLD 3 and 4; p=0.428 between GOLD 1 and 2 and
GOLD 3 and 4

### One-way ANOVA for women: post hoc test was Tukey test with
p<0.001 between healthy controls and GOLD 1 and 2; p=0.006 be-
tween healthy controls and GOLD 3 and 4; p =0.123 between GOLD 1
and 2 and GOLD 3 and 4

(GOLD 3 and 4) than their healthy controls and GOLD 1 and
2 women. COPD men with more severe disease had signifi-
cantly lower SMI than their healthy controls (ANOVA).
Women with COPD (both groups GOLD 1 and 2 and
GOLD 3 and 4) had significantly higher FMI as compared
to healthy controls matched for age and BMI (Table 3).

Correlations

Considering the findings of lower BMD and lean mass in
COPD patients with more severe disease, potential associations
between BMD, body composition parameters, and spirometry
variables were then investigated. No significant correlation was
detected between spirometry variables or DXA parameters and
cumulative smoking measured as pack-years and physical ac-
tivity level measured by the Baecke questionnaire. Univariate
and multivariate linear regression analyses were performed to
identify potential factors associated with BMD and body com-
position parameters in patients with COPD. Variables signifi-
cantly associated in univariate linear regression (p <0.1) were
tested in multiple linear regression analyses and are shown in
Table 4. Age, BMI, body composition parameters, and FEV ¢,
were the main determinants of bone mass. A model including
age, ALM, iPTH, and FEV 4, was able to explain up to 62% of
the variability of femoral neck BMD in COPD women. Age,
weight, and FEV;| were factors associated with lean mass. A
model including age and weight explained up to 58% of the
variability of ALM in women with COPD.

Radiographic assessment of vertebral fractures was
available for 95 patients. Vertebral deformities were seen
in 40 patients with COPD as follows: 14 patients had one
vertebral deformity (14.7%), 10 patients had 2 vertebral
deformities (10.5%), 11 patients had 3 (11.6%), and 5 pa-
tients had 4 to 6 vertebral deformities (5.3%). Vertebral
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Table 4 Multiple linear
regression analyses for bone Total Men Women
mineral density measurements
and appendicular lean mass B SE B SE B SE
(ALM) in COPD patients assisted
at the Pulmonology’s Outpatient Lumbar spine BMD  Age —0.006 0.002 —0.009  0.003
Clinics in Federal University of BMI 0.017 0.004 0.017 0.004
[S’izlg,a Elfaz_ilI,J:(I:IcI;];:;Ir:’gStiosex ALM 00160006
BF 0.004  0.002
iPTH -0.002 0.001
FEV,q, 0.004  0.002
R 0.328 0.217 0.525
Femoral neck BMD  Age —0.009 0.001 —0.007  0.002
BMI 0.012  0.004
ALM 0.014  0.003 0.027  0.008
TUG -0.017  0.006
iPTH —0.002  0.001
FEV1% 0.002  0.001
GOLD land2vs3and4 —0.107 0.023
R 0.545 0.405 0.618
Total femur BMD Age —0.008 0.002
BMI 0.008  0.003
ALM 0.014  0.004 0.019  0.005 0.045  0.008
TUG -0.014  0.006
iPTH —0.004 0.001
FEV1% 0.003  0.001
GOLD land2vs3and4 —0.084 0.029
R 0.556 0.524 0.692
ALM Age -0.089 0.027
Weight 0.036  0.008 0.175  0.026 0.104  0.015
FEV, 0.489  0.259
R 0.301 0.513 0.583

Variables included in BMD analyses: age; BMI body mass index; ALM appendicular lean mass; BF body fat;
timed up and go; 25(OH)D; iPTH intact parathyroid hormone; FEV;q, forced expiratory volume in the first
second, percentage; GOLD status = GOLD 1 and 2 vs 3 and 4. Variables included in ALM analyses: age; weight;
FEV,; GOLD status=GOLD 1 and 2 vs 3 and 4

deformities (Genant’s grades I to III) were detected in
42.2% of the men and in 42% of the women with COPD.
Vertebral fractures (defined as Genant’s grades II and III)
were detected in 24.4% of men and 22.0% of the women
with COPD. The number of vertebral deformities (Genant I
to III) did not significantly correlate with FEV, or FEVq,
for any the whole group, men or women with COPD. In
women with COPD, vertebral fractures (Genant II and III)
significantly associate with FEV¢, on linear regression
analysis (B =—13.4; standard error=6.5; p =0.047, R>=
0.071). On the other hand, vertebral deformities (Genant I
to III) and the number of vertebral deformities did not
significantly associate with FEVq,. Similar analysis in
men with COPD did not find significant association be-
tween vertebral deformities (Genant I to III), vertebral frac-
tures (Genant II and III), and the number of vertebral

deformities with FEV¢,. Nine women with COPD (17%)
reported non-vertebral fragility fractures. Men with COPD
did not report non-vertebral fractures.

As shown in Table 5, both men and women with COPD with
vertebral deformities were significantly older than those without
vertebral deformities. COPD women with vertebral deformities
had also significantly higher serum iPTH concentrations, poorer
performance on TUG test, lower BMD values at all sites, and
higher rate of densitometric osteoporosis (T-score — 2.5 and be-
low) than COPD women without vertebral deformities
(Table 5). Logistic regression analyses were performed to iden-
tify potential factors associated with vertebral and non-vertebral
fractures and low lean mass (as defined by the European criteria)
in patients with COPD (Table 6). Increasing age was the only
factor significantly associated with vertebral fractures in both
men and women, while lower ALM and higher serum iPTH
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Table 5

Anthropometric characteristics and clinical and laboratorial variables, BMD measurements, and body composition parameters in COPD
patients according to the presence of vertebral deformities (Genant I to III)

COPD men

COPD women

No vertebral deformity ~ Vertebral deformity p

No vertebral deformity ~ Vertebral deformity P

(N=26) (N=19) (N=29) (N=21)

Age, years 63.4+7.6 69.0+7.7 0.018* 59.6+7.9 71.0+8.3 <0.001*
Current smokers, N 3 1 0.465%* 9 5 0.843%%*
Pack-years 64.3+42.4 70.8+£36.5 0.453***  48.9+26.8 5744333 0.486%+*
FEV,q, 50.7+19.9 493+16.4 0.815% 544+18.4 51.4+13.0 0.559%*
iPTH, pg/mL 48.3+20.5 45.5+20.5 0.695%* 50.1+18.5 68.7+19.1 0.0047##*
25(OH)D, ng/mL 29.7+8.3 29.7+8.8 0.988* 21.4+122 2444188 0.651%*
TUG, seconds 9.8+2.6 9.8+3.1 0.502%**  9.8+2.3 12.1+£29 0.0027%#*
BMI, kg/m® 26.2+5.0 25.7+4.5 0.752%* 26.5+£6.3 269+74 0.865*
ALM, kg 21.2+44 20.5+3.8 0.612%* 152+2.0 13.7+£2.6 0.047%#*
SMI, kg/m? 7.6+1.7 73+1.3 0.586* 63+1.0 6.1+£09 0.498%#:*
BF, % 28.2+82 30.0+12.4 0.574* 379+11.8 37.1+£12.8 0.808%*
FMI, kg/m2 7.6+3.5 6.8+39 0.475% 9.5+4.8 9.4+6.6 0.651%#*%*
Lumbar spine BMD, g/em®  1.031 £0.146 1.022+£0.191 0.845% 1.026+0.174 0.867+0.236 0.009*
Femoral neck BMD, g/em®  0.901 £0.134 0.861 +£0.203 0.427* 0.871+0.152 0.707 £0.156 0.001*
Total femur BMD, g/cm® 0.951+0.151 0.918 +0.195 0.198***  0.920+0.171 0.730+0.158 <0.001*
T-score <-2.5,N 7 9 0.186*%* 8 15 0.002%#*

FEV 4, forced expiratory volume in the first second, percentage; iPTH intact parathyroid hormone, 7UG timed up and go test; BMI body mass index;
ALM appendicular lean mass; SMI skeletal mass index; BF body fat; FMI fat mass index; BMD bone mineral density

“Student’s # test; " chi-squared test; - Mann-Whitney U test

were significantly associated with non-vertebral fractures in the
whole group of patients. Low femoral neck BMD on a DXA
scan was the main factor associated with non-vertebral fractures
in women with COPD. COPD men did not report non-vertebral
fracture in the present study. FEV ¢, was the main predictor of
low lean mass for the whole group and for men with COPD. In
women with COPD, age was the only factor significantly asso-
ciated with low lean mass.

Receiver operating characteristic (ROC) curve was used to
evaluate the performance of factors significantly associated
with fractures in logistic regression analyses. Age was signif-
icantly associated with vertebral fractures in our COPD pa-
tients. The areas under the curve for age as a predicting factor
for vertebral deformities (Genant’s grades I to III) and frac-
tures (Genant’s grades II and III) were 0.779 (p <0.001) and
0.738 (p=0.001), respectively (Supplemental Figure 1). Age
above 63.5 years in both men and women with COPD was
significantly associated with vertebral deformity Genant’s
grades I to I1I with a sensitivity of 77.5% and a specificity of
65.5% (in those who have a vertebral fracture, 77.5% were
63.5 years and older while among those who do not have a
fracture, 65.6% were younger than 63.5 years old). Similar
analysis showed that age above 63.5 years old is significantly
associated with vertebral fractures (Genant’s grades II and I1I)
with a sensitivity of 86.4% and a specificity of 42.5%
(Supplemental Figure 1).

@ Springer

Discussion

The association of musculoskeletal and bone disease in pa-
tients with COPD has been described and vertebral compres-
sion fractures are often missed or ignored in this clinical sce-
nario [5]. Osteoporosis and its neglected fragility fractures are
one of the most frequent comorbidities in COPD patients [8].
In the present work, we observed a very high rate of osteopo-
rosis and fragility fractures in a series of COPD patients. Only
aminority had previous diagnosis of osteoporosis. Most of the
surveys have demonstrated a lack of care in COPD patients
aiming to prevent, diagnose, and treat osteoporosis [5, 8, 10].
The rate of osteoporosis and fractures observed in our patients
is clearly higher than that reported for the Brazilian general
population [29-31]. In fact, COPD leads to a 1.5-2-fold in-
crease in the relative risk of osteoporosis even after adjust-
ments for confounding factors such as age and BMI [4, 32].
Our study also demonstrated higher rate of low lean mass in
these patients, a factor associated with significant functional
limitation in COPD regardless of lung function [33]. In wom-
en with COPD, we also observed a significant increase in
body fat. Low bone mass, fractures, and body composition
abnormalities (low lean mass and high body fat) were signif-
icantly associated with disease severity.

The real absolute risk of fractures in COPD patients is
significantly higher than that estimated by FRAX®, similarly
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Table 6 Multiple logistic regression analyses and main predictors of
vertebral and non-vertebral fractures and low lean mass in COPD patients
assisted at the Pulmonology’s Outpatient Clinics in Federal University of
Sdo Paulo—UNIFESP, Sao Paulo, Brazil

Parameters Odds ratio (95% Confidence p
interval)
Vertebral fracture
Total group Age 1.166 (1.080-1.259) <0.001%*
Men Age 1.103 (1.012-1.201) 0.025%
Women Age 1.247 (1.048-1.485) 0.013%*
Non-vertebral fracture
Total group ALM 0.703 (0.510-0.969) 0.031%%*
iPTH 1.045 (1.005-1.088) 0.029%%*
Women Femoral 0.001 (0.0000008-1.312) 0.059%%*
_ neck BMD
Low lean mass'
Total group FEVq, 0.965 (0.936-0.994) 0.020%%*
Men FEV,¢, 0.955 (0.917-0.994) 0.024%*
Women Age 1093 (1.009-1.183) 0.030*

Variables included in fracture analyses: age, BMI, ALM, body fat, timed
up and go, iPTH, 25(OH)D, FEV ¢, lumbar spine, femoral neck and total
femur BMD, GOLD status = GOLD 1 and 2 vs 3 and 4. Variables includ-
ed in low lean mass analyses: age, FEV ¢, GOLD status = GOLD 1 and 2
vs 3 and 4

* Simple logistic regression
“*Multiple logistic regression

T Low lean mass defined by to the European group criteria

to what has been previously demonstrated for type 2 diabetes
mellitus patients [34], suggesting the existence of some intrin-
sic element that is not predicted by other conventional risk
factors [8]. In our sample, we observed a very high rate of
vertebral deformities (42% for Genant’s grade I vertebral de-
formities and higher). It has been demonstrated that vertebral
fractures have a strong negative impact on the course of
COPD increasing the risk of hospitalization and death [5].
Accordingly, it has also been demonstrated that greater kypho-
sis can increase pulmonary impairment, further limiting func-
tion in COPD patients [35]. The very high rate of vertebral
fractures (Genant’s grade II and III) in the present study
(24.4% in men and 22% in women) contrasts with the low
diagnosis rate and underscores the need for routine screening
of bone fragility in COPD. The present study has also found
that vertebral fractures are associated with increasing age and
patients over 63 years old are at higher risk. Disease severity
did not significantly associate with fractures when this out-
come was analyzed by multiple logistic regression. Our lim-
ited sample size with relative small number of fractures may
have precluded us from finding a significant association be-
tween FEV, and fractures.

Lower serum 25(OH)D concentration is commonly seen in
COPD patients and contributes to lower mineralization and
osteomalacia, further reducing bone strength and increasing

the risk of fractures. Vitamin D plays a significant role in
calcium, phosphate, and bone homeostasis and may also be
involved in the immune system, risk of infections, and many
other extra-skeletal functions [36-38]. In our sample, 37.5%
of the patients had 25(OH)D below 20 ng/mL. Disease sever-
ity with higher airflow limitation was significantly associated
with lower serum vitamin D levels. Sedentary lifestyle with
low sunlight exposure, insufficient diet, glucocorticoid use,
renal impairment, and lower capacity for vitamin D storage
in muscles and fatty tissue may all influence the vitamin D
status in COPD [38, 39]. On the other hand, it is still not clear
whether vitamin D supplementation may be able to signifi-
cantly alter extra-skeletal outcomes in COPD or in other dis-
eases [40].

A recent meta-analysis evaluated 25(OH)D status in
COPD patients [39]. The authors demonstrated significantly
lower serum 25(OH)D concentrations in COPD patients when
compared to healthy individuals [39]. Similar to our results,
serum 25(OH)D concentration was also significantly associ-
ated with pulmonary function: patients with lower FEV,
(GOLD 3 and 4) had significantly lower vitamin D concen-
trations than patients GOLD 1 and 2. Lower serum 25(OH)D
concentration was still associated with a higher risk of COPD
exacerbation [39]. Our data did not find any significant asso-
ciation between serum 25(OH)D levels and low bone mass or
fractures. On the other hand, some of our analyses did show
that increased plasma iPTH levels, a surrogate for vitamin D
deficiency, were significantly associated with low bone mass
and non-vertebral fractures. A study evaluating data from the
Korean NHANES demonstrated that higher levels of iPTH
were associated with lower FEV, and CFV values and poor
quality of life, associations not seen for serum vitamin D con-
centration. Taken together, these findings may suggest that
plasma iPTH levels might be a better indirect marker of
COPD and bone outcomes than serum 25(OH)D se concen-
tration [41].

Many physical function tests may predict mortality- and
disease-related outcomes in COPD patients. Simple and func-
tional lower limb tests provide information about important
clinical outcomes in patients with COPD. The TUG test is
used to evaluate patient’s strength, mobility, and balance
[17]. Some authors have shown that TUG may also predict
mortality- and disease-related outcomes in COPD patients
[42]. As expected, higher TUG results were associated with
lower BMD at skeletal sites sensitive to mechanical load as the
total femur and femoral neck. Cumulative smoking measured
as pack-years and physical activity level measured by the
Baecke questionnaire did not correlate significantly with spi-
rometry parameters or DXA variables. The known poor sen-
sitivity and specificity of both pack-years calculation and
Baecke questionnaire would explain the lack of association
with spirometry and DXA data. Those variables are much
dependent on patient’s recall and so may not correlate
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significantly with disease outcome measures (pulmonary
function and bone density).

Our results showed that increased severity of COPD
(GOLD 3 and 4) was associated with lower BMD values in
both men and women and higher rates of osteoporosis at all
skeletal sites in women. Previous studies have also demon-
strated higher risk of osteoporosis in GOLD 4 patients as
compared to patients classified as GOLD 1 [10, 43]. Other
analyses have also pointed that disease phenotype and severity
might affect the risk of comorbidities in COPD patients.
Severe emphysematous disease detected by tomography in-
creases the risk of osteoporosis in COPD patients [44]. In our
current study, COPD severity was significantly associated
with low bone mass, low lean mass, and fragility fractures.

Treatment with inhaled or oral glucocorticoid was associ-
ated with lower BMD at the lumbar spine, femoral neck, and
total femur and with a threefold increase in the risk of vertebral
fracture in 714 men with COPD or asthma followed in the
Mr1Os cohort [4]. No pulmonary function test was performed
in that cohort so the data was mainly based on subjects report
on the presence of pulmonary disease. In our study, the use of
inhaled glucocorticoid was not significantly associated with
bone outcomes. This is probably due to the fact that around
95% of the patients had been on long-term treatment with
inhaled glucocorticoid.

Our data showed that lower FEV, were significantly asso-
ciated with lower BMD and lower lean mass. Lower FEV;
was also associated with increased fat mass in women. The
risk of osteoporosis and low lean mass was thus increased in
patients with more severe disease. Age, lean mass, high plas-
ma levels of iPTH, and low femoral neck BMD were inde-
pendently associated with increased risk of fracture. Age
above 63.5 years old was associated with significantly in-
creased risk of vertebral fractures (Supplemental Figure 1).
On its turn, FEV ¢, and age were significantly associated with
low lean mass as defined by the recently proposed European
criteria [20]. These definition criteria are meant to be used in
the elderly and have not been validated in COPD patients. On
the other hand, it is important to emphasize the significant
decline in skeletal muscle function and its negative effects in
COPD patients. The fact that patients and controls were
matched by BMI in our study might help explaining the lack
of difference in low lean mass prevalence when FNIH criteria
were used since the cutoffs are defined based on ALM
corrected to BMI.

Some important limitations of the current study need to be
pointed out. Patients in this cohort knowingly used systemic
oral glucocorticoid during the exacerbating periods. Thus, we
could not precisely control for cumulative use of glucocorti-
coids once this modality of treatment was used frequently
without prescription. The very high rate of use of inhaled
glucocorticoid (95% of the patients) makes it difficult to es-
tablish any differential effect of such medication on BMD and

@ Springer

fracture risk. The cross-sectional nature of the study design
precludes us from establishing a cause-effect relationship be-
tween disease-related parameters and bone and body compo-
sition variables and vice versa.

Conclusion

Our findings demonstrate a very high frequency of osteopo-
rosis, fragility fractures, and low lean mass in patients with
COPD. Disease severity was significantly correlated with low
bone mass and body composition abnormalities. These results
underscore the need for routine screening of osteoporosis and
fragility fractures in patients with COPD. While it is well
established that glucocorticoid increases the risk of fragility
fractures, it remains to be proven whether reversal or improve-
ment of pulmonary function through medication or rehabilita-
tion might have a positive impact on bone and muscle out-
comes in this clinical scenario.
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