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Summary
Background. Osteoporosis is a significant problem in patients with advanced Chronic
obstructive pulmonary disease. The etiology for the bone loss includes smoking, vitamin
D deficiency,concomitant endocrine diseases, sedentary lifestyle, use of glucocorticoids.
Osteoporosis is the pathology of calcium metabolism, thus the peculiarities of calcium
homeostasis in Chronic obstructive pulmonary disease patients, depending on their bone
mineral density were researched in the article.
Material and methods. It was examined 86 patients with stage 3 Chronic obstructive
pulmonary disease. Bone densitometry was performed on lumbar vertebrae using dual
energy X-ray absorption scanner “Lunar”.
Results. It was not find a significant difference in the duration of disease among patients
suffering from 3rd stage COPD with or without bone mass deficiency. All females with low
bone mineral density had concomitant endocrine pathologies. It was established the increase
of calcium content in sputum of patients with COPD. Osteoporosis in patients with chronic
obstructive pulmonary disease develops under influence of numerous factors, among which
are: lack of physical activity, increase in calcium excretion with urine and sputum, low
amount of calcium in diet, reduced exposure to sunlight, concomitant endocrine diseases in
females and exposure to stressful situations, smoking, vitamin D deficiency.
Conclusions. Osteoporosis in patients with chronic obstructive pulmonary disease develops
under influence of numerous factors, among which are: lack of physical activity, increase in
calcium excretion with urine and sputum, low amount of calcium in diet, reduced exposure
to sunlight, concomitant endocrine diseases in females and exposure to stressful situations.
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Streszczenie
Wprowadzenie. Osteoporoza stanowi istotny problem wsrdd pacjentéw z zaawansowang
postacia przewlektej obturacyjnej choroby ptuc. Do gtéwnych przyczyn utraty masy kostnej
naleza: palenie wyrobéw tytoniowych, niedobdér witaminy D, wspoétistniejace zaburzenia
hormonalne, siedzacy tryb zycia oraz przyjmowanie glikokortykosteroidéw. Osteoporoza to
zaburzenie metabolizmu wapnia, dlatego tez w tym artykule podjeto prébe zbadania cech
szczeg6lnych homeostazy wapnia u pacjentéw leczonych na przewlekta obturacyjng chorobe
ptuc w zaleznosci od ich gestosci mineralnej kosci.
Material i metody. Badaniem objeto 86 pacjentéw w III stadium przewlektej obturacyjne;j
choroby ptuc. Pomiar gestosci kosci przeprowadzono w odcinku ledzwiowym kregostupa za
pomocg aparatu Lunar.
Wyniki. Nie zauwazono znacznej réznicy czasu trwania choroby pomiedzy pacjentami
w Il stadium przewlektej obturacyjnej choroby ptuc, u ktérych stwierdzono niedoboér
masy kostnej a tymi, u ktérych owego niedoboru nie stwierdzono. U wszystkich kobiet
z niska gestos$cia mineralng ko$ci stwierdzono wspoétistniejace zaburzenia hormonalne.
Stwierdzono réwniez wzrost zawarto$ci wapnia w plwocinie pacjentéw cierpigcych na
przewlekta obturacyjng chorobe ptuc. Na rozwdj osteoporozy u tychze pacjentéw wptyw
maja liczne czynniki, m.in. brak aktywnosci fizycznej, wzrost wydalania wapnia z moczem
i plwocing, mata zawarto$¢ wapnia w diecie, zmniejszona ekspozycja na §wiatto stoneczne,
wspolistniejace zaburzenia hormonalne u kobiet oraz ekspozycja na czynniki stresogenne,
palenie wyrobow tytoniowych oraz niedob6r witaminy D.
Whnioski. Na rozwéj osteoporozy u pacjentéw z zaawansowang postacig przewlektej
obturacyjnej choroby ptuc wptyw maja liczne czynniki, m.in. brak aktywno$ci fizycznej,
wzrost wydalania wapniaz moczem i plwocing, mata zawarto$¢ wapnia w diecie, zmniejszona
ekspozycja na $wiatto stoneczne, wspétistniejace zaburzenia hormonalne u kobiet oraz
ekspozycja na czynniki stresogenne.
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Introduction

Chronic obstructive pulmonary disease (COPD) is among the leading causes of death in the world. Unlike
most other major disorders, its prevalence and mortality rate continue to increase [1, 2]. Nowadays, it ranks
fourth among chief chronic incapacitating and death causing pathologies globally in adult age group of > 45 y.o.,
preceded only by cardiovascular diseases, lung cancer and cerebrovascular conditions [2]. Apart from pulmo-
nary symptoms, extrapulmonary manifestations and significant concomitant pathologies, as well as complica-
tions, can aggravate COPD progression [1]. Osteoporosis is often an accompanying condition, as chronic obstruc-
tive pulmonary disease can promote its development [3].

Osteoporosis is the most prevalent bone disorder and affects about every second adult over 50. The signif-
icance of the disease is dictated by its incapacitative potential and increased mortality rate of affected indi-
viduals [4]. According to European statistics data, during 2010, femoral fractures were diagnosed in 620000
patients: 574000 individuals had fractures of forearm, 250000 - proximal humerus, and 620000 - fractures
of the vertebrae, in both men and women of 50 years of age and older, with clinical osteoporosis as the major
contributing factor. These injuries made 34.8% of all bone fractures registered [5, 6]. Pelvic, costal and lower leg
fractures were often osteoporotic in origin as well. The direct costof osteoporosis-relatedfractures among Eu-
ropeans was estimated at 36 billion Euro. In addition to above mentioned impact broncholitic therapy in COPD
patients with concomitant osteoporosis proved to be less efficient.

Primarily, osteoporosis is the pathology of calcium metabolism, thus we aimed to research the peculiarities
of calcium homeostasis in COPD patients, depending on their bone mineral density.

Material and methods

We examined 86 patients with stage 3 COPD: 43 male (mean age - 45.4 years) and 43 female (mean age - 38.2
years). All participating female patients had intact reproductive function. Bone densitometry was performed on
lumbar vertebrae using dual energy X-ray absorption scanner “Lunar”.

T-score was the deciding factor we used in this research to clinically define osteoporosis. T-score is recom-
mended by World Health Organization as the main criterion for diagnosing bone mineral density (BMD) patholo-
gies. The score represents a deviation of patient’s BMD from that of healthy adults over 35 y.o., when bones reach
their maximum strength and density.

In a healthy population, the T-score is above -1. Osteopenia is usually diagnosed at the rise of bone metabo-
lism pathology, when BMD does not distinctly affect osseal microarchitectonics (-1<T<-2.5), and the diagnosis of
osteoporosis is made when the T-score is below -2.5.

Spirometry data of all patients was obtained using “Spirosoft” spirometer. Viscosity of sputum was measured
with viscosimeter BII2K-2. Calcium content in blood, urine and sputum was quantified using colorimetry [7]. The
volume of urine and sputum produced during one week was calculated and the above mentioned parameters of
calcium metabolism were measured and averaged.

All patients were questioned using special tables for estimation of daily calcium intake [8, 9, 10] and daily
energy expenditure.

Results and discussion

Patients suffering from osteoporosis tend to have a decrease in height of the spine (spine length deficit) on
average of 3.9 cm (measured by calculating a difference of length between tips of middle fingers on laterally
stretched arms and total body height).

Among the study participants with chronic obstructive pulmonary disease, mineral bone mass deficiency
was diagnosed in 58 patients or 67% (table 1). Osteoporosis was diagnosed in 22 patients (25%): 11 male (26%)
and 10 female (21.7%) subjects. Osteopenia was found in 37 (43%) patients: 22 (51.16 %) male and 15 (34.88%)
female. Osteosclerosis was diagnosed in 14 patients (16.2 %): 7 male (16.28%) and 6 female (13.95%) study
participants.

We did not find a significant difference in the duration of disease among patients suffering from 3rd stage
COPD with or without bone mass deficiency. Interestingly, all 33 male participants with diagnosed BMD defi-
ciency reported occupational health hazard in anamnesis (most of above mentioned patients worked as welders
or smelters for 10 -17 y.

The anamnesis of participants with normal BMD was unremarkable for occupational hazards. Nevertheless,
all females with low BMD had concomitant endocrine pathologies: 9 patients — hyperthyreosis, 5 - thyroiditis,
5 - hypothalamic syndrome, 6 - endometriosis. Only 1 patient of this group was a cigarette smoker.
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Table 1. Characteristic anamnesis features of patients with COPD, in relation to the state of bone mineral density

Female
Normal BMD BMD deficiency Normal BMD BMD deficiency
Number of examined patients 10 (23% %) 33 (77 %)* 18 (42 %) 25 (58 %)*
Mean age, years 37.5+4.1 43.6+3.7 40.3£3.1 36.6x3.9
Average duration of disease, years 15.1+2.4 17.6+1.7 11.0+2.1 11.2+2.3
Daily energy expenditure, Cal 3031.6£209.3 2927.4+197.4 3034.5+x191.4 2852.0+203.5
Approximate amount of calcium 880.5£94.0 591.2+64.3* 871.3+71.2 467.0+44.3%
consumed with daily meals, mg
Number of patients with occupa- o o/ o 0%
tional health hazard 0 (0%) 33 (77%) 0 (0%) 25 (58 %)
Number of smokers 3 (7%) 33 (100%)* 0 (0 %) 7 (16.28 %)*
Patients w1Fh copcomltant endo- 0(0%) 0.(0 %) 0.(0 %) 25 (100 %)*
crine diseases
T-score 0.20+0.01 -1.16%-0.10* 0.50+0.02 -1.30+-0.10*

*P<0.001 comparing to respective group with normal BMD.

Among men with 3¢ stage COPD and bone mass deficiency - all 33 patients (100 %) were smoking. Only 3
males with normal BMD (7.1 %) had this habit. As for females, 7 patients with low BMD (19 %) smoked, and none
did in the group, characterized by normal bone mass.

Also, anamnesis of participants with osteoporosis revealed that most of them had experienced severe stress
in the past 2 years.

Analysis of daily energy expenditure showed that patients with COPD and low BMD spent significantly less
energy per day than patients with normal BMD. We found 3 cases with longer COPD duration and average for the
group external respiratory function, hemodynamic of pulmonary circulation and immunity, where bone mineral
density values were normal or even above average. At the same time, we observed patients with relatively short
COPD duration, but pronounced osteoporosis. These two groups were significantly different in the level of phys-
ical activity and the amount of calcium consumed with food daily. All patients from the above described first
group were more physically active, had a longer daily exposure to direct sunlight and consumed more calcium
with food.

Conservation of bone mass requires physical activity, decrease in which was proven to promote deficiency
of BMD. Many patients, who suffer from COPD with advanced respiratory insufficiency spend much time on
stationary hospital treatment and pursue sedentary lifestyle. They experience decreased tolerance to physical
exercises for many reasons, including shortness of breath, muscle weakness, etc. [11]. Shortness of breath is the
main activity limiting, life quality reducing factor in COPD patients. If the disease is not controlled efficiently,
particularly that in stages 3 or 4, patients get locked in a vicious circle, when low physical activity, due to res-
piratory insufficiency, is accelerating osteoporosis progression. Apart of inducing bone remodeling, exercising
stimulates growth hormone release, that is turn increases BMD. As confirmed by previous research, 10 minutes
of high intensity physical activity causes a robust increase of growth hormone in young males [12].

Thus, given identical nutrient intake, calcium stores are larger in people leading active lifestyle, then those
pursuing the sedentary one.

In our research, we found that dietary calcium intake was significantly different among patients with COPD,
who suffered from osteoporosis and those who didn’t, including the healthy controls (table 2). The recommend-
ed daily amount of calcium consumption for adults younger than 65 years is 1000 mg per day, for those older
- 1500 mg. Patients with osteoporosis consumed on average 1.62 times less calcium, then people with normal
BMD. Nevertheless, according to our data, no significant difference in plasma concentration of calcium was ob-
served between patients and healthy controls, with different mineral dietary intake.
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Table 2. Comparison of calcium metabolism in patients suffering from chronic obstructive pulmonary disease with or with-
out bone mineral density deficiency

Patients with COPD
Healthy controls . . - -
with osteoporosis without osteoporosis

Concentration of calcium in blood, 2254015 2.23+0.22 2.20+0.17
mmol/]

Concentration of calcium in urine, 2 45+0.21 2.50+0.20 1.81+ 0.22%
mmol/I

Concentration of calcium in sputum, 9.0+0.8 12.02+1.1% 14.35+1 1%
mmol/I

Daily excretion of calcium with urine, 166.6+14.5 170.0+15.4 1571+11.6
mg/day

Daily excretion of calcium with sputum, 2141.0 33.3+3.1* 67.544.2% **
mg/day

Daily dietary lgt;ke of calcium, 800.0£100.0 880.5£94.0 520.0+44,3% **

*P<0.001 comparing to healthy control group.
** P<0.001 comparing to respective COPD patient group with normal BMD.

Concentration of calcium in sputum of COPD patients with or without osteoporosis was higher than in healthy
controls. In urine, the amount of calcium was significantly lower in the group with diagnosed osteoporosis.
Taking into account the mean volume of urine produced daily and the amount of calcium excreted with it, we
calculated that patients of this group excreted 1.3 times less of this element, than controls or those from COPD
without concomitant osteoporosis group.

The increase in calcium excretion can be achieved by excess intake of sodium chloride or large quantity of
proteins. Still, consumption of proteins in recommended daily amounts does not usually affect calcium excretion
[13]. We also didn’t find that people with hypercalciuria consumed more salt or proteins.It was concluded that
patients with COPD and concomitant osteoporosis had twice more calcium excreted with sputum than patients
with COPD and normal bone mass. An average concentration of calcium in sputum of participants was 11.1
mmol/], that is approximately 4.9 times higher than average level of calcium in serum (table 2).

Taking into account the relatively low amount of sputum excreted, the daily calcium loss with expectorated
matter makes about 20 - 25% of net daily calcium excretions. Still, patients who produce a lot of sputum may
lose more calcium with it than excreted in urine. It is known that destruction of alveoli in an experimental em-
physema leads to reduction of capillary bed, which may be the cause of elevated calcium level in sputum [13].

After summing up the amounts of calcium excreted with urine and sputum, we found that net calcium loss of
COPD patients with osteoporosis is 2.1 times higher than that of patients without osteoporosis.

The fact that chronic obstructive pulmonary disease is a major contributing factor of osteoporosis develop-
ment is not new. The results of our research, supports previous works that investigate causes of augmented os-
teoporosis development in patients with COPD. Among them are lack of physical activity, concomitant endocrine
diseases in females, stressful situations in anamnesis, reduced exposure to sunlight and decreased amount of
calcium in diet. Nonetheless, we did not find any paper that would evaluate the calcium content in sputum and
calculate the calcium loss with expectorated matter. It is known that concentration of calcium is the highest in
cartilage. Thus, it is possible that the increase of calcium content in sputum of patients with COPD is the result
of destructive processes in scaffolding cartilage of small bronchi, as the emphysema continues to form. Consid-
ering that the volume of expectorated masses, produced by patients with COPD, can be quite large, the factor of
calcium loss with sputum has to be accounted for.

Conclusion
Osteoporosis in patients with chronic obstructive pulmonary disease develops under influence of numerous
factors, among which are: lack of physical activity, increase in calcium excretion with urine and sputum, low

amount of calcium in diet, reduced exposure to sunlight, concomitant endocrine diseases in females and expo-
sure to stressful situations.
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