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Abstract
Summary We did a cross-sectional analysis of chronic
pulmonary obstructive disease (COPD) patients without
chronic use of systemic glucocorticoids (CUG). Osteoporosis
was found in 51% and bone mineral density (BMD) was
correlated with severity of disease. Low levels of vitamin D
were found in 94%. All COPD patients may benefit from
vitamin D supplementation and screening for low BMD.
Introduction Patients with chronic pulmonary obstructive
disease have low bone mineral density, caused by chronic
use of systemic glucocorticoids and hypovitaminosis D.
However, patients without CUG may also have low BMD.
Methods We performed a cross-sectional analysis in 49
patients (21 men, 28 postmenopausal women), with COPD
without CUG, from Brazil (25° 25' S). Several markers of
bone metabolism were measured, plus BMD. Osteoporosis
risk factors and history of fractures were investigated.
Respiratory function was assessed by venous gasometry,
spirometry, and oximetry. BMD results were compared to
those of 40 healthy non-smokers controls.
Results COPD patients had lower BMD at all sites (p<
0.01). Osteoporosis was observed in 51%. BMD indepen-
dently correlated with stage of disease (lumbar spine, R=
0.38, p=0.01; total femur, R=0.36, p=0.01; femoral neck,
R=0.40, p<0.01). Ninety-four percent had low levels of
vitamin D (<30 ng/mL) and 67% had secondary hyper-
parathyroidism. Vitamin D was correlated with oxygen

saturation (R=0.36, p=0.01), with lower levels in those
with saturation <88% (p=0.01).
Conclusion Patients with COPD without CUG have in-
creased risk for osteoporosis. Such patients have hypovita-
minosis D, which is correlated with the severity of disease.
Screening for low BMD and vitamin D supplementation
may be warranted to all COPD patients.
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Introduction

Chronic pulmonary obstructive disease (COPD) is a
complex disease that affects not only respiratory function,
but is also accompanied by other comorbidities, such as
decreased physical activity, right ventricular heart failure,
and decreased quality of life.

Osteoporosis is a common finding in patients with
COPD, especially in those with advanced disease [1] with
high risk of fractures [2]. The pathophysiology of osteopo-
rosis in patients with COPD is not well established, and it
has been suggested that excess tobacco consumption,
malnutrition, vitamin D deficiency, hypogonadism, and
inactivity may play a role [3]. In addition, chronic use of
systemic and inhaled glucocorticoids also contributes to
increase the risk of bone loss [4, 5] and their use in the
treatment of COPD is controversial. Currently, systemic
glucocorticoids are limited to the most severely affected
patients with tendency to exacerbations.

In patients with COPD, prevalence of osteoporosis can
be as high as 60%, which increases with the progression of
the pulmonary disease [5, 6]. At least one vertebral fracture
can be found in 4% to 63% of the patients with COPD,
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which leads to impairment of respiratory function. It is
estimated that each vertebrae that is fractured determines a
decrease by 9% of the predicted forced vital capacity
(FVC). Even though the prevalence of vertebral fractures in
patients with COPD is high, there is discordance in the
literature about the need for BMD evaluation in these
patients. Many studies suggest that only high-risk patients
for osteoporosis should be evaluated, such as the ones
in use of glucocorticoids, postmenopausal or amenorrheic
women, hypogonadic and patients with past history of
fractures or body mass index (BMI) below 22 kg/m2 [1, 7,
9]. Others, however, suggest that all patients with advanced
forms of COPD should be screened for osteoporosis [3].

Data in the literature on BMD and fracture risk in
patients with COPD is scarce [1, 9]. The aim of this study
was to evaluate the prevalence of low bone mass in a group
of patients with COPD without chronic use of systemic
glucocorticoids. In addition, we investigated other factors
that could affect the bone mass, such as low levels of
vitamin D.

Materials and methods

Patients

The study protocol was approved by the HC-UFPR ethics
committee. Informed written consents were obtained from
all subjects.

We consecutively recruited 49 patients (21 males, 28
females, mean age 65.4±9.2 years) from the Pulmonary
Outpatient Clinic of the Hospital de Clínicas da Universi-
dade Federal do Paraná (HC-UFPR), in Curitiba, Brazil
(25° 25' S). Recruitment was undertaken between March
and September 2004. We included only men and post-
menopausal women who fulfilled the COPD diagnostic
criteria according to the Global Strategy for the Diagnosis,
Management, and Prevention of COPD (GOLD) [10].
Exclusion criteria were: (1) prolonged immobilization
within the past 6 months, (2) presence of comorbidities or
use of drugs that cause interference on bone metabolism,
and (3) use of oral or intravenous glucocorticoids for three
or more consecutive months, in an equivalent dose of ≥
5 mg per day of prednisone, or in a cumulative dose of
prednisolone >1,000 mg [11].

Methods

This is a cross-sectional study. Participants were evaluated
during a single visit that included a medical interview,
physical examination, laboratory testing, BMD measure-
ment, and spirometry. Medical history was obtained
through a questionnaire applied by a single investigator,

or from the patients' charts. Data obtained included age,
race, BMI, menstrual status, frequency of physical activity,
drinking, smoking and dietary habits, age at diagnosis of
COPD, duration of disease (years), history of fractures, and
use of medications (past and present). Patients who
engaged three or more hours of physical activity per week
were considered physically active. Patterns of alcohol
consumption were evaluated according to the National
Council on Alcohol Abuse and Alcoholism, and catego-
rized into past or present drinking, and mild, moderate, or
heavy drinking [12]. Present or past smoking history was
determined, as well as smoking intensity, expressed in
number of cigarette packs per day per year of smoking.
Patients that had stopped smoking less than 6 months prior
to the evaluation were considered to have a present
smoking history. In case of pipe smoking or use of hand-
rolled cigarettes, the following equivalency was considered:
one puff on a pipe was equal to one hand-rolled cigarette or
to two cigarettes [13]. Calcium intake was estimated by the
amount of dairy products ingested daily [14].

In order to quantify the use of oral or intravenous
glucocorticoids, we recorded the duration and number of
cycles, and converted the cumulative doses into their
respective equivalent doses of prednisolone. Use of inhalatory
glucocorticoids was categorized by potency as high
(>800 mcg/day of beclometasone, >400 mcg/day of
budesonide, >500 mcg/day of fluticasone, and >1,200 mcg/
day of triamcinolone or flunisolide), moderate (400–800 mcg/
day of beclometasone, 200–400 mcg/day of budesonide, 200–
500 mcg/day of fluticasone, 800–1,200 mcg/day of
triancinolone or flunisolide) or low dose (100–400 mcg/day
of beclometasone, 100–200 mcg/day of budesonide or
fluticasone, and 400–800 mcg/day of triamcinolone or
flunisolide) [15].

Fasting blood was drawn in spring of 2005. Urine was
collected during 24 h, starting the day before the blood
draw. We measured total serum calcium, phosphorus,
alkaline phosphatase, and albumin by standard kits, which
were analyzed in automated spectrophotometric equipment
(ADVIA1650, Bayer, Leverkusen, Germany). Twenty-
four-hour urine calcium was measured by the same
methods. Venous gasometric parameters were assessed by
standard gasometry (Blood gas analyzer pH348, Bayer,
Leverkusen, Germany). In addition, levels of intact para-
thyroid hormone (iPTH) and total testosterone (only in
men) were determined by chemiluminescence (DPC,
Immulite 2000, Los Angeles, CA, USA). Levels of 25-
hydroxi vitamin D (25OHD) were determined by radioim-
munoassay (I125 DiaSorin Stillwater, Minnesota, USA). A
level of 25OHD equal or greater than 30 ng/mL (75 nmol/L)
was considered to indicate sufficient vitamin D. Patients with
levels of 25OHD between 21 to 29 ng/mL (52 to 72 nmol/L)
were considered vitamin D-insufficient. Those with 25OHD
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levels <20 ng/mL (50 nmol/L) were considered vitamin D-
deficient [16].

Bone mineral density was measured at the lumbar
spine, femoral neck, and total femur by dual energy X-ray
absorptiometry (DXA) using a Hologic 1000 densitometer
(Hologic, Bedford, MA, USA). BMD was classified as
normal, low BMD, or osteoporosis according to the
International Society for Clinical Densitometry [17].
Results were compared to a non-smoker group of 40
healthy individuals matched by age, gender, ethnicity, and
BMI, without previous history of pulmonary diseases. All
COPD patients were submitted to a pulmonary function
test. Spirometry was undertaken with a Survey Plus spirom-
eter (Collins Medical, Louisville, KY, USA), using the
Knudson 76 protocol [18]. For this study, we considered
the results of the forced expiratory volume in 1 s (FEV1),
the forced vital capacity (FVC), and the FEV1/FVC ratio.
Patients with FEV1/FVC<0.7 are diagnosed with COPD
[10]. The results were compared to the parameters published
by the American Thoracic Society [19]. Arterial oxygen
saturation (O2Sat) was determined by a non-invasive
device (Oxypleth Oximeter, Novametrix Medical System,

Wallingford, USA).

Statistics

Data was analyzed using the software SPSS 13.0® for
Windows (SPSS, Chicago, IL, USA). Results were expressed
as mean±SD or median (range). Groups were compared by
the Student t-test or by non-parametric tests. One-way
analysis of variance (ANOVA) or the chi-square test was
used when appropriate. Pearson and Spearman coefficients
were used for correlation analysis. Two-sided tests were used
with p<0.05 being considered significant. Multiple linear
regression analysis was undertaken in order to assess the
relationship between BMD and other variables.

Results

Medical history and spirometry

Medical history and spirometric parameters are illustrated
in Table 1. Patients were divided into four groups,
according to the results of the spirometry [10]: stage I—
mild COPD (n=14, 28.6%; six males and eight females);
stage II—moderate COPD (n=21, 43.0%; eight males and

Table 1 Clinical characteristics, laboratory exams and pulmonary function tests of patients with chronic obstructive pulmonary disease

Variable Total (n=49) Men (n=21) Women (n=28)

Age (years) 65.4±9.2 64.9±11.7 65.8±6.8

BMI (kg/m2) 25.8±5.3 25.6±7.7 26.1±5.9

Current smoking [n (%)] 16 (32.6%) 6 (28.6%) 10 (37.7%)

Smoking (pack-years ) 54.5±33.5 65.9±36.6 46.4±29.1a

Time without smoking (months) 72 (7–396) 60 (10–396) 7 (10–300)

Total calcium (mg/dl) 8.5 (7.0–10.7) 8.6 (7.0–9.8) 8.5 (7.7–10.7)

PTH intact (pg/mL) 86.5±36.7 84.8±30.8 87.7±41.1

Albumin (g/dL) 4.7±0.6 4.6±0.6 4.7±0.7

Phosphorus (mg/dL) 3.4±0.5 3.0±0.5 3.5±0.4a

Urinary calcium (mg/24 h) 114.5 (18.5–309.5) 1113.5 (20.2–309.5) 93.8 (18.5–298.0)

Alkaline phosphatase (U/L) 183.9±54.8 171.3±48.6 193.4±58.1

25OH Vitamin D (ng/mL) 20.8±0.9 20.9±5.6 20.6±6.5

Testosterone (ng/ml) 649.2 (263–1,409) 649.2 (263–1,409) –

Oxygen saturation (%) 93 (81–98) 93 (82–98) 93 (82–97)

PCO2 (mmHg) 47.2±6.3 48.8±6.4 46.0±6.2

pH 7.38±0.04 7.36±0.04 7.39±0.04a

Bicarbonate (mmol/L) 27.7 (21.0–34.7) 27.6 (21.0–33.9) 27.9 (23.4–34.7)

FEV1 (L) 1.3 (0.3–3.8) 1.2 (0.3–2.57) 1.16 (0.7–3.8)

Values are expressed as mean±SD or median (minimum–maximum). Normal range: total calcium 9–10.8 mg/dl, PTH intact 12–65 pg/mL;
albumin 3.4–4.8 g/dl; phosphorus 2.5–4.8 mg/dl; urinary calcium 100–300 mg/24 h; alkaline phosphatase 64–300 U/L (women) and 80–300 U/L
(men); 25OH Vitamin D >30 ng/mL; total testosterone 262–1,593 ng/ml; oxygen saturation 95–99%; PCO2 38–50 mmHg, pH7.33–7.43;
bicarbonate 23–27 mmol/L.

BMI body mass index, PCO2 partial pressure of carbon dioxide, FEV1 forced expiratory volume in first second
a p<0.05 vs men
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13 females); and stage III—severe COPD (n=11, 22.4%;
six males and five females); and stage IV—very severe
COPD (n=3, 6%; one male and two females).

Twenty-five patients (51%) had past or present history of
use of inhalatory glucocorticoids (stage I—six patients, stage
II—eight patients, stage III—eight patients, stage IV—three
patients). Nine patients had used high doses of inhalatory
glucocorticoids for a mean of 1.4±1.2 years, 13 had used a
moderate dose for a median of 0.4 year (0.08 to 5 years), and
three had used a low dose for a median of 0.3 year (0.08 to
1.5 years). None of the patients had chronic use of systemic
glucocorticoids and 13 patients (26.5%) had used systemic
glucocorticoids only during an acute exacerbation, with a
lifetime cumulative dose of 398.3±265.4 mg of prednisolone.

Laboratory assays and BMD

The laboratory results are shown in Table 1. Secondary
hyperparathyroidism was observed in 33 patients (67%).
There was an inverse correlation between serum calcium
and iPTH (R=−0.35, p=0.01). Mean levels of 25OHD were
20.8±0.9 ng/mL. Only three patients (6.1%) had normal
levels of 25OHD (≥30 ng/mL), 59.2% (n=29) were vitamin
D-insufficient, and 34.7% (n=17) were vitamin D-deficient.
The mean O2Sat was 93%. We found a positive correlation

between O2Sat and levels of 25OHD (R=0.36, p=0.01).
Patients with O2Sat≥88% had higher mean levels of
25OHD, when compared with patients with O2Sat<88%
(22.1±5.1 ng/mL vs. 14.5±7.1 ng/mL, p=0.01), as seen in
Fig. 1. All patients had normal levels of phosphorus,
alkaline phosphatase, pH, and bicarbonate. All men had
normal levels of total testosterone.

Normal BMD was observed in six patients (12.2%; five
males and one female). Low BMD was seen in 43
participants (87.7%; 16 males and 27 females). Osteoporo-
sis was diagnosed in 25 patients (51.0%; five males and 20
females). To evaluate the effects of systemic and inhalatory
glucocorticoids on the bone, patients were analyzed
separately in three groups: patients who had never used
systemic glucocorticoids (all participants), patients who had
never used inhalatory glucocorticoids, and patients who had
past or present history of use of glucocorticoids. We
observed no differences regarding BMD at the lumbar
spine (p=0.987), femoral neck (p=0.865), and total femur
(p=0.848). Moreover, no differences were observed regard-
ing T-scores at the lumbar spine (p=0.974), femoral neck
(p=0.927), and total femur (p=0.872). The use of inhala-
tory glucocorticoids in high doses and/or for more than
2.5 years also determined no differences in BMD and in T-
scores, as shown by the comparison of the results of that
subgroup, with those of patients who had never used
inhalatory glucocorticoids (p=0.471, 0.339, and 0.625, for
lumbar, femoral neck, and total femur BMDs, respectively;
p=0.381, 0.313, and 0.179, for lumbar, femoral neck, and
total femur T-scores, respectively). The absolute bone
mineral densities are seen in Table 2. The groups of
patients with more severe forms of COPD presented higher
prevalence of osteoporosis, as shown in Fig. 2. We found
inverse correlations between FEV1 and BMD at all sites
(lumbar spine R=0.38, p<0.01; femoral neck R=0.40, p<
0.01; total femur R=0.36, p=0.01), which was maintained
after adjustments for weight and age (Fig. 3).

The following variables were considered in the multiple
regression analysis for their relationship to the BMD:
weight, levels of 25OHD, use of inhalatory glucocorticoids,
present smoking history, and FEV1. Statistically significant
correlations were seen only for body weight (lumbar spine,

Fig. 1 Vitamin D levels according to the oxygen saturation in chronic
obstructive pulmonary disease patients. *p<0.01 vs <88%

Table 2 BMD in patients with or without COPD

BMD (g/cm2) Total Men Women

COPD Without COPD COPD Without COPD COPD Without COPD

L1–L4 0.794±0.169 a 0.997±0.113 0.901±0.149 a 1.054±0.115 0.712±0.136 a 0.963±0.093

Total femur 0.784±0.165 a 0.913±0.115 0.893±0.142 a 0.989±0.080 0.702±0.132 a 0.861±0.112

Femoral neck 0.704±0.143 a 0.804±0.093 0.800±0.127 0.846±0.070 0.632±0.109 a 0.778±0.102

a p<0.01 vs patients without COPD
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B=0.05, R2=0.402, p<0.01; femoral neck, B=0.04, R2=
0.395, p<0.01; total femur, B=0.05, R2=0.407, R=0.36,
p<0.01) and VEF1 (lumbar spine, B=0.06, R2=0.02, p<
0.01; femoral neck, B=0.07, R2=0.39, p<0.01; total femur,
B=0.07, R2=0.407, R=0.36 p<0.01). Body weight and
VEF1 explained together 40.2% of the lumbar spine, 39.5%
of the femoral neck, and 40.7% of total femur BMD
variability. This analysis showed that a decrease of FEV1
by 1 l led to a decrease of lumbar spine BMD by 0.065 g/cm2,
of femoral neck BMD by 0.066 g/cm2, and of total femur
BMD by 0.067 g/cm2.

Linear regression analysis did not show any correlation
between BMD or levels of 25OHD, and use of inhalatory
glucocorticoids or smoking habits.

Discussion

In our study, we showed that, in a population of patients
with COPD without chronic use of systemic glucocorti-
coids, prevalence of osteoporosis was 51%. This is
concordant with the results obtained by similar studies [7,
20, 21]. In addition, our results confirmed that the
prevalence of osteoporosis is correlated with the severity
of COPD, as suggested by other studies [6, 22, 23].
Moreover, low levels of 25OH vitamin D were observed
in 94% of the patients with COPD, which was correlated
with the oxygen saturation.

Karadag et al. observed a 35% prevalence of osteopo-
rosis in the lumbar spine and 10% in the femoral neck, in
patients with COPD. This prevalence was not significantly
different from the prevalence observed in a control group,
suggesting that patients with mild to moderate COPD do
not need to be routinely assessed for osteoporosis [9].
According to our findings, screening for osteoporosis is
justifiable, due to the observance of a high prevalence of
osteoporosis in all patients with COPD, even though most
of them had mild to moderate disease. In general population
studies, several data have shown a correlation between
FEV1 and BMD, which suggests that impaired pulmonary
function may affect bone health [24–26]. Similarly, we

found a positive correlation between FEV1 and BMD in all
sites. However, other studies had opposite findings [7, 20,
21, 23, 27], possibly due to the use of different samples and
methodologies.

Fig. 3 Correlations between FEV1 and BMD in lumbar spine (i),
femoral neck (ii) and total femur (iii) in chronic obstructive pulmonary
disease patients. BMD bone mineral density, FEV1 forced expiratory
volume in 1 s

Fig. 2 Bone mineral density according to COPD disease stage
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Most of the studies that evaluated the effect of COPD on
BMD did not exclude patients who had used systemic
glucocorticoids for long periods. This is an important
confounding factor that hinders the role of COPD progres-
sion on BMD [7, 23–25, 29]. This confounding factor was
avoided in our study by the exclusion of patients who had
been exposed to a cumulative dose of systemic glucocorti-
coids equal or higher than 1,000 mg of prednisolone [11].
Nevertheless, 13 patients (26.5%) had received systemic
glucocorticoids for the treatment of acute exacerbations. In
these patients, the cumulative dose was still below
1,000 mg of prednisolone (398 mg) and their BMD was
not significantly different from the BMD of the patients
who had never used systemic glucocorticoids. The use of
inhalatory glucocorticoids may also have negative effects
on BMD, which could have been a confounding factor to
our study [28]. However, in our study, previous use of
inhalatory glucocorticoids was not associated with changes
in BMD or in T-scores, in concordance with other studies
[29–32]. In discordance with another study [33], we
showed no association between use of inhalatory glucocor-
ticoids and reductions in BMD, when 11 patients who had
used inhalatory glucocorticoids for more than 2.5 years or
in high doses were analyzed separately.

Our patients lived in Curitiba, Brazil (25° 25' S), and were
evaluated during spring. We observed high prevalence of
vitamin D insufficiency (59.2%) and deficiency (34.7%). The
prevalence of insufficiency was higher than the one observed
in a study conducted in postmenopausal women living in
Recife, Brazil (12º S), where 43% of them had vitamin D
insufficiency [34]. However, our findings were similar to the
prevalence observed in a group of elderly in São Paulo, Brazil
(23º 34’ S) [35]. In our study, the mean levels of vitamin D
were comparable to the levels found in similar studies that
evaluated patients with COPD, without chronic use of systemic
glucocorticoids [21, 27, 36]. The low levels of vitamin D led
to secondary hyperparathyroidism, which was seen in 67% of
our patients and could justify the low bone mass.

We found a correlation between O2Sat and levels of
vitamin D, in discordance with other studies [20, 36, 37].
Frequently, oxygen therapy is recommended to patients
with O2Sat<88%, which is a marker of severity of COPD
[38]. In our patients with O2Sat<88%, we observed lower
levels of vitamin D. This finding could be explained by the
fact that patients with severe forms of COPD are less active
and, therefore, less exposed to sunlight. However, we did
not observe differences regarding physical activity between
patients with O2Sat<88% or ≥88%. In a general population,
levels of vitamin D and FEV1 are independently associated
[39]. We believe that the levels of vitamin D can be
considered as a marker of the severity of COPD, similarly
to the correlation between hypovitaminosis D and increased
risk of several comorbidities and mortality [40, 41].

In concordance with other studies, we could not find any
correlations between smoking habits and BMD [9, 20–25,
27]. However, in general populations, this correlation may
exist [42–45]. This discordance may be attributed to the
small sample size, to the design of the study, and to the
method of evaluation of smoking habits.

Past history of traumatic fractures was present in 22.5%
of our patients. In this subgroup, BMD was lower. Studies
that evaluated fractures in patients with COPD have
controversial findings. For some of them, the risk of
fracture may not be increased in patients with COPD [9,
27]. Other study showed more severe fractures in patients
with COPD [8]. Our study had a small number of patients
with severe disease, which may explain the lack of
correlation between fractures and severity of disease.

Our study has some limitations. First, we did not
perform thoracic X-ray for morphometric vertebral evalua-
tions, which may have contributed to the underestimation
of the prevalence of fractures. Second, we did not include a
control group for the evaluation of fractures and levels of
vitamin D. The possible presence of vertebral fractures may
have contributed to the underestimation of FEV1, which
may have influenced the correlation between BMD and
FEV1.

In conclusion, our findings clearly show that patients
with COPD, without chronic use of systemic glucocorti-
coids, have increased risk for osteoporosis and low levels of
vitamin D, which is correlated with the severity of the
disease. Use of inhalatory glucocorticoids by part of our
sample was not associated with changes in BMD. We
suggest that patients with COPD should routinely have their
BMD evaluated, even in the absence of severe disease or
use of glucocorticoids. This approach allows the reduction
of risk of fractures, and allows adequate treatment of
osteoporosis. In addition, supplementation of vitamin D
may be needed in all patients with COPD, especially to
those with O2Sat less than 88%. Future studies need to
evaluate long-term risk of fractures and the outcomes after
routine BMD screening and vitamin D supplementation in
patients with COPD.
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