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Decreased Bone Density in
Chronic Obstructive Pulmonary Disease

Patients

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The clinical course of patients with chronic obstructive pulmonary disease (COPD)
is often complicated by the development of systemic effects one of which is osteoporosis. The purpose of
this study was to investigate potential risk factors for osteoporosis in COPD patients. MMaatteerriiaall  aanndd  MMeetthh--
ooddss::  We conducted a cross-sectional study in 45 consecutive males with COPD recruited from the outpa-
tient clinic. Demographic data were recorded. Pulmonary function tests [percent of predicted forced
expiratory volume in 1 second (FEV1%), forced vital capacity (FVC), FEV1/FVC ratio], maximal inspira-
tory and expiratory pressures (MIP and MEP), arterial blood gas (ABG) analyses, endocrine tests related to
bone density and bone mineral density parameters (vertebral “T” scores (VTS) and femoral “T” scores (FTS))
were performed. Patients were allocated into three groups consisting of 15 patients each, according to his-
tory of corticosteroid (CS) use: Patients who have never used any CS, subjects who have been on inhaled
steroids (fluticasone dose equivalent to at least 250µg.day-1 propionate or 400µg.day-1 budesonide for at
least 36 months) or systemic steroids (methylprednisolone mean dose of at least equivalent to 20mg.day-1
of for at least two weeks). RReessuullttss:: Three groups were not different regarding osteoporosis. However, in sys-
temic CS group MEP and calcitonin levels were lower than those of inhaled CS group and never CS group
(p<0.05 for each). VTS was positively correlated with partial arterial oxygen concentration (PaO2), arterial
oxygen saturation % (SaO2) and body mass index (BMI) (r=0.44, p<0.01; r=0.49, p<0.01, r=0.34, p<0.05 re-
spectively). FTS was only well correlated with BMI(r=0.34, p<0.05). CCoonncclluussiioonn:: Bone densities were sim-
ilar into three groups. Parameters related with severity of COPD such as bronchoconstruction and
hypoxemia, along with low BMI were found as risk factors in the development of osteoporosis in COPD pa-
tients. Preserved MEP and calcitonin levels in inhaled CS group suggested that respiratory muscle strength
and bone resorption were not affected by inhaled CS opposite to systemic steroids. 

KKeeyy  WWoorrddss::  Pulmonary disease, chronic obstructive; body mass index; osteoporosis; 
adrenal cortex hormones     

ÖÖZZEETT  AAmmaaçç:: Kronik Obstrüktif Akciğer Hastalığı (KOAH) tanılı olguların klinik seyri sıklıkla, osteoporoz
gibi, hastalığa bağlı sistemik etkilerin görülmesiyle komplike hale gelir. Bu çalışmanın amacı KOAH'lı
olgularda osteoporoz gelişimindeki olası risk faktörlerini araştırmaktır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Bu kesitsel
çalışmada polikliniğe başvuran 45 sıralı KOAH'lı olgu incelenmiştir. Olguların demografik verileri ve
ayrıntılı öyküleri kaydedilmiştir. Solunum fonksiyon testleri (SFT) [1.saniye zorlu akım hızı beklenen
yüzdesi (FEV1%), zorlu vital kapasite (FVC), FEV1’in FVC’ye oranı (FEV1/FVC)], maksimal inspiratuar
ve ekspiratuar basınçlar (MIP ve MEP), arteriyel kan gazları (AKG), kemik mineral dansitesi ile ilgili
endokrin testler ve kemik dansitesi parametreleri (vertebral “T” skor ve femoral “T” skor) ölçümü
yapılmıştır. Olgular kortikosteroid (KS) kullanım öyküsüne göre 15 olgudan oluşan üç gruba ayrılmıştır:
Hiç KS kullanmamış olanlar, inhale KS (en az 36 ay boyunca günde en az 250µg flutikazon propiyonat ya
da 400mg budesonide’e eşdeğer dozda, ya da sistemik kortikosteroid (en az iki hafta süreyle günde ortalama
20mg metilprednizolon eşdeğeri) almış olanlar. BBuullgguullaarr:: Gruplar arasında osteoporoz yönünden anlamlı
farklılık saptanmamıştır. Sistemik KS, kullanan grupta MEP ve kalsitonin düzeyleri, inhale KS alanlara ve
hiç KS kullanmamışlara göre düşük bulunmuştur (p<0,05 herbiri için). VTS parsiyel arteriyel oksijen
konsantrasyonu (PaO2), oksijen satürasyonu ve vücut kitle indeksi (VKI) ile pozitif ilişkilidir(r=0,44,
p<0,01; r=0,49, p<0,01, r=0,34, p<0,05 sırasıyla) FTS ise yalnızca VKI ile iyi koreledir (r=0,34, p<0,05).
SSoonnuuçç:: Kemik mineral dansiteleri üç grupta benzerdir. KOAH’ın şiddetiyle ilintili olan parametrelerle
(bronkokonstrüksiyon ve hipoksemi) birlikte düşük VKİ osteoporoz gelişiminde risk faktörleri olarak
bulunmuştur. İnhale KS alan grupta MEP ve kalsitonin düzeylerinin korunmuş olması bunların ifade ettiği
respiratuar kas gücü ve kemik rezorpsiyonunun, sistemik steroidlerin aksine inhale steroidler tarafından
etkilenmediğini düşündürmüştür. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: KOAH; vücut kitle indeksi; osteoporoz; kortikosteroidler       
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hro nic obs truc ti ve pul mo nary di se a se
(COPD) is cha rac te ri zed by airf low li mi ta -
ti on that is not fully re ver sib le. The airf low

li mi ta ti on is usu ally prog res si ve and as so ci a ted
with an ab nor mal inf lam ma tory res pon se of the
lungs to no xi o us par tic les or ga ses.1 In the ma na ge -
ment of COPD pa ti ents; physi ci ans are mostly in-
te res ted in the eva lu a ti on of res pi ra tory symptoms.
Ho we ver, inf lam ma tory mec ha nisms and hypo xe -
mi a in COPD may al so ca u se ex tra-pul mo nary con-
sequences such as ske le tal musc le we ak ness and
os te o po ro sis. This, in turn de te ri o ra tes the per for -
man ce sta tus of the COPD pa ti ent. The risk of os-
te o po ro sis and os te o pe ni a in COPD va ri es between
36-40% and 35-72%, res pec ti vely.2-5 It is evi dent
that syste mic cor ti cos te ro ids (CS) ca u se os te o po ro -
sis however the ef fect of in ha led CS on bo ne me ta -
bo lism has not yet be en cla ri fi ed.2,6-9 Va ri o us ot her
fac tors inc lu ding smo king, al co hol abu se, low body
mass in dex (BMI), vi ta min D de fi ci ency du e to low
ex po su re to sunlight, hypo xe mi a, re cur rent exa -
cer ba ti ons and im mo bi lity be si des CS use can fa ci -
li ta te the de ve lop ment of os te o po ro sis in COPD
pa ti ents. This can ca u se ver teb ral or hip frac tu res
furt her li mi ting the pa ti ent’s exer ci se ca pa city and
worsening the he alth sta tus.1,2,10 Thus, early de ter -
mi na ti on of os te o po ro sis may prevent these con di -
ti ons.3

We ai med to in ves ti ga te the con tri bu ti on of
cli ni cal and de mog rap hic va ri ab les to bo ne loss in
COPD pa ti ents. We al so ai med to show that
COPD se ve rity inc lu ding blo od ga ses, pul mo nary
func ti ons, and res pi ra tory musc le strength per se
co uld be ma jor risk fac tors for os te o po ro sis and
thus, COPD sho uld be eva lu a ted as a syste mic di s-
e a se.

MATERIAL AND METHODS
STUDY SUB JECTS

Forty-fi ve cli ni cally stab le ma le COPD pa ti ents ap-
p lying to Chest Di se a ses outpa ti ent cli nic of An ka -
ra Uni ver sity Scho ol of Me di ci ne we re en rol led in
the study. They we re di ag no sed and clas si fi ed ac-
cor ding to “The Glo bal Ini ti a ti ve for Chro nic Obs -
truc ti ve Lung Di se a se ” (GOLD) cri te ri a.1 The
pa ti ents’ age ran ged from 40 to 70 ye ars. They were

all on re gu lar fol low-up for at le ast thre e ye ars in
our outpa ti ent cli nic.

Pa ti ents with a his tory of os te o po ro sis/os te o -
pe ni a, any res pi ra tory di se a se ot her than COPD, re -
nal, he pa tic, en doc ri ne, col la gen tis su e di se a ses,
di a be tes mel li tus, ma lig nancy, me ta bo lic bo ne di se -
a se, ma lab sorp ti on, al co hol abu se, im mo bi li za ti on
and the ones on drugs af fec ting the bo ne den sity
(bisp hosp ho na te, L-thyro xi ne, lit hi um, an dro gens,
etc.) we re exc lu ded from the study. 

STUDY DE SIGN AND MET HODS

This study was ap pro ved by lo cal et hi cal com mit -
te e and con duc ted ac cor ding to the prin cip les of
the Dec la ra ti on of Hel sin ki. Writ ten in for med con-
sent was ob ta i ned from all pa ti ents. The patients’
cha rac te ris tics, inc lu ding smo king ha bits (pack-ye -
ar) and me di ca ti on his tory (type of drugs, do ses and
du ra ti on) we re re cor ded. Ro u ti ne physi cal exa mi -
na ti on was performed. Their BMI we re cal cu la ted.
Ve no us blo od samp les (10 ml) we re ob ta i ned in the
mor ning and tes ted on the sa me day to obtain com-
p le te blo od co unt, bi oc he mi cal pro fi le and en doc -
ri ne pa ra me ters re la ted to de ve lop ment of
os te o po ro sis. Se rum mor ning plas ma cor ti sol, fre e
tes tos te ro ne, os te o cal cin, cal ci to nin and uri ne fre -
e cor ti sol we re me a su red by DSL®, USA (“Di ag nos -
tic Systems La bo ra tor y”) en doc ri ne im mu no as says;
se rum  pa rath yro id hor mo ne (PTH) was me a su red
by Bi o-DPC®, USA (“Di ag nos tics Pro ducts Co o pe -
ra ti o n”); se rum 1.25-OH D3 was me a su red by
ICN®, USA; and so ma to me din was  me a su red by
im mu no tech in all pa ti ents. Ar te ri al blo od gas
(ABG) analy ses we re do ne while the patients were
bre at hing am bi ent air. Pul mo nary func ti on tests
(PFTs) inc lu ding for ced vi tal ca pa city (FVC), for -
ced ex pi ra tory vo lu me in 1 se cond (FEV1) with its
ra ti o to FVC we re me a su red by Spi ro lab-II (sen sor -
me dics, USA) whi le the pa ti ent was sit ting and
his/her no se was clo sed; Ma xi mal ins pi ra tory and
ex pi ra tory pres su res (MIP and MEP) we re me a su -
red by Vmax-229 (Sen sor me dics, USA). MIP was
ob ta i ned at the le vel of re si du al vo lu me and MEP
was me a su red at the le vel of to tal lung ca pa city.
The me a su re ments we re ma de while the patient
was stan ding. The sub jects we re ver bally en co u ra -
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ged to ac hi e ve ma xi mal strength. The me a su re -
ments we re re pe a ted un til fi ve va lu es varied by less
than 5% and sus ta i ned for at le ast one se cond; the
best va lu e ac hi e ved was used in the da ta analy sis.
BMD me a su re ments we re un der ta ken by Du al-
energy X-ray Ab sorp ti o metry (Nor land XR-36) de-
tec ting lo cal T sco res. The sco res me a su red for
lum bar spi ne (L2-L4) (ver teb ral ‘T’ sco re (VTS)),
and for fe mur neck (fe mur ‘T’ sco re (FTS)). Ac cor -
ding to World He alth Or ga ni za ti on cri te ri a, os te o -
pe ni a was de fi ned as a T sco re me a su red bet we en
-1 and -2.4 So uth Da ko ta (SD) and os te o po ro sis as
a T sco re me a su red equ al or less than -2.5 SD.11 Bo -
ne mi ne ral con tent (g/cm2) of fe mur neck, troc han -
ter and Ward’s tri ang le we re al so me a su red.

Pa ti ents we re al lo ca ted in to thre e gro ups con-
sis ting of 15 pa ti ents each, ac cor ding to his tory of
cor ti cos te ro id (CS) use: Pa ti ents who ne ver used
any CS (ne ver CS gro up); sub jects who ha ve be en
on in ha led ste ro ids (in ha led CS gro up), or syste mic
ste ro ids (syste mic CS gro up). In ha led CS gro up
con sis ted of stab le sub jects, and the patients were
on flu ti ca so ne pro pi o na te do se equ i va lent to at le -
ast 250µg or 400µg bu de so ni de.day-1 for at le ast 36
months, since the syste mic ef fects such as mar kers
of bo ne for ma ti on can be ob vi o us only du ring long-
term in ha led ste ro ids tre at ment. Syste mic CS gro -
up was on methy lpred ni so lo ne, me an do se of le ast
equ i va lent to 20 mg.day-1 du e to COPD acu te at-
tack, du ring previous two we eks which is a suffi-
cient ti me for syste mic si de ef fects to oc cur.
Con si de ring VTS le vels, the pa ti ents we re gro u ped
as nor mal (n:21), os te o pat hic [os te o pe nic (n:15) or
os te o po ro tic (n:9)]. 

STA TIS TI CAL ANALY SIS

The Sta tis ti cal Pac ka ge for the So ci al Sci en ces ver-
si on 11.0 for Win dows was used to analy ze the da -
ta on a per so nal com pu ter. Da ta we re com pa red by
“One-way ANO VA ”, “Krus kal-Wal li s” and “Chi-
squ a re ” tests. “Spe ar ma n” cor re la ti on test was used
to eva lu a te the cor re la ti ons bet we en bo ne den sity
pa ra me ters and ot her pa ra me ters. Any p va lu e
<0.05 was con si de red as sta tis ti cally sig ni fi cant. Po -
wer cal cu la ti ons we re per for med to eli mi na te fal se
po si ti ve com pa ri son re sults vi a NCSS_PASS prog -
ram.

RESULTS
Cha rac te ris tics of gro ups ac cor ding to his tory of CS
con sump ti on are shown in Tab le 1. The gro ups we -
re com pa rab le with res pect to their age, smo king
ha bits, BMI, FEV1, FEV1/FVC, Pa O2 and Sa O2
(p>0.05). Me an in ha led ste ro id do se in in ha led CS
gro up was 895.46 ± 45.17 µg.day-1 (me di an: 400
µg.day-1) bu de so ni de or equ i va lent. In syste mic CS
gro up, me an and me di an doses of ste ro id we re
38.34 ± 18.12 mg.day-1 and 45 mg.day-1, res pec ti -
vely. 

In syste mic CS gro up, MEP and cal ci to nin le -
vels (63.80 ± 16.81 cmH2O; 9.87 ± 6.89 ng/L) we re
sig ni fi cantly lo wer than tho se of in ha led CS gro up
(88.40 ± 32.91 cmH2O; 19.87 ± 12.37 ng/L) and ne -
ver CS gro up (72.00 ± 18.56 cmH2O; 12.56 ± 8.72
ng/L) (p<0.05) (Tab le 2). In po wer cal cu la ti on
analy ses, po wers of > or = 80% for MEP and cal ci -
to nin we re ac hi e ved.

Ac cor ding to VTS, nine sub jects (60%) we re
eit her os te o pe nic or os te o po ro tic (so cal led os te o -

Never CS (n:15) Inhaled CS(n:15) Systemic CS(n:15) p

Age(years)     60.6±8.24  61.6±7.63  56.6±7.08  >0.05         

Smoking (pack-years)     50.66±27.04   42.00±28.33 45.60±24.73 >0.05

BMI (weight/height2) 28.47±5.36  26.33±3.50 26.51±5.32  >0.05

FEV1 (% of predicted) 39.26±17.33 39.06±19.93     33.86±17.12 >0.05

FEV1/FVC  55.59±11.11   55.06±10.67  51.62±10.75  >0.05

PaO2 (mmHg)   56.45±12.08 59.22±12.01  54.66±9.51 >0.05

SaO2 (%) 86.42±8.75 88.97±5.24   86.84±7.52  >0.05

TABLE 1: Characteristics of the study subjects (mean ±SD).*

*: Groups were comparable with each other as these parameters did not show any difference.
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pat hic) in ne ver CS gro up, 10 (66.7%) in in ha led
CS gro up and eight (53.3%) in syste mic CS gro up
(Tab le 3). The number of the study sub jects os te o -
pat hic with re gard to FTS were (13.3%) two in ne -
ver CS gro up, four (26.7%) in in ha led CS gro up and
four (26.7%) in syste mic CS gro up (Tab le 4). The
num ber and the ra ti o of nor mal BMD and os te o -
pat hic pa ti ents did not dif fer bet we en the gro ups
ac cor ding to VTS (p>0.05) or FTS sco re (p>0.05). 

Os te o pe nic or os te o po ro tic pa ti ents ac cor ding
to VTS had lo wer Pa O2 and Sa O2 than nor mal
BMD sub jects (p<0.05) (Tab le 5). The ot her cha rac-
te ris tics did not dif fer sig ni fi cantly among the
thre e gro ups. Ac cor ding to VTS, os te o pe nic pa ti -
ents had sig ni fi cantly hig her blo od phosp ho rus
(1.26 ± 0.17 mmol/L) and lo wer vi ta min D va lu es
(37.60 ± 15.45 nmol/L) when com pa red to tho se
of nor mal (1.06 ± 0.25 mmol/L; 61.12 ± 35.97
nmol/L) and os te o po ro tic sub jects (1.14 ± 0.11
mmol/L; 39.60 ± 13.87 nmol/L) (p<0.05) (Tab le 5).
In po wer cal cu la ti on analy ses, po wers of > 85%
we re ac hi e ved for abo ut all sig ni fi cant pa ra me ters
gi ven he re.

VTS and FTS we re both po si ti vely cor re la ted
with BMI (r=0.34, p<0.05) (Fi gu re 1a). VTS was sig-
ni fi cantly cor re la ted with Pa O2, FEV1% (Fi gu re
1b-c) (r=0.34, p<0.05; r=0.30, p<0.05; res pec ti vely),
and FEV1/FVC (r= 0.44, p<0.01). Similarly, cor re -
la ti on was al so fo und bet we en VTS and Sa O2 (r=
0.49, p<0.01). VTS was ne ga ti vely cor re la ted with
se rum phosp ho ro us le vel (r= -0.29, p<0.05), whi le
FTS was po si ti vely cor re la ted with se rum so ma to -
me din le vel (r= 0.30, p<0.05).

Never CS (n:15) Inhaled CS (n:15) Systemic CS (n:15) p

MIP (cmH2O)     50.46±13.85 58.40±25.00 55.60±17.29  >0.05

MEP (cmH2O)    72.00±18.56 88.40±32.91   63.80±16.81 <0.05*

Calcitonin (pg/ml)  12.56±8.72  19.87±12.37 9.87±6.89  <0.05*

VTS   0.4±2.14  -1.15±1.64    1.33±1.81  >0.05

FTS 0.45±1.44 -0.06±1.25        0.04±1.17 >0.05

Femur neck (g/cm2)  0.91±0.17 0.86±0.14   0.86±0.14 >0.05

Trochanter (g/cm2)  0.82±0.16 0.79±0.14 0.71±0.11 >0.05

Ward’s  triangle (g/cm2) 0.76±0.17  0.75±0.13 0.70±0.15  >0.05

TABLE 2: Laboratory findings (mean ±SD) in groups according to corticosteroid use.

*: Systemic CS vs never CS and inhaled CS.
MIP: Maximal inspiratory pressure; MEP: Maximal expiratory pressure; VTS: Vertebral T score; FTS: Femur T Score; CS: Corticosteroid.

GR * VTS Crosstabulation

VTS

Normal Osteopat Total

GR never Count 6 9 15

% within GR 40.0% 60.0% 100.0%

inhaled Count 5 10 15

% within GR 33.3% 66.7% 100.0%

systemic Count 7 8 15

% within GR 46.7% 53.3% 100.0%

Total Count 18 27 45

40.0% 60.0% 100.0%

TABLE 3: Normal or osteopathic subject distribution re-
garding to steroid use according to either 

vertebral T score. (Groups were not different in number
according to VTS).

p>0.05; GR: group; osteopat: osteopathic; VTS: Vertebral T score.

GR * FTS Crosstabulation

FTS

Normal Osteopat Total

GR never Count 13 2 15

% within GR 86.7% 13.3% 100.0%

inhaled Count 11 4 15

% within GR 73.3% 26.7% 100.0%

systemic Count 11 4 15

% within GR 73.3% 26.7% 100.0%

Total Count 35 10 45

77.8% 22.2% 100.0%

TABLE 4: Normal or osteopathic subject distribution re-
garding to steroid use according to either 

femur T score. (Groups were not different in number ac-
cording to FTS).

p>0.05; GR: group; osteopat: osteopathic; FTS: Femur T score.
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DISCUSSION
We exa mi ned BMD in COPD pa ti ents gro u ped ac-
cor ding to CS con sump ti on; the ne ver CS, the in ha -
led CS and the syste mic CS gro ups. They we re
com pa rab le with res pect to age, smo king ha bits,
spi ro met ric test re sults and ar te ri al blo od gas analy-
ses. 

It was re por ted that so me pa ti ents with chro -
nic bronc hi tis on only bronc ho di la tors had low tra-
be cu lar BMD whi le ot hers on oral CS had both
lo wer tra be cu lar and cor ti cal BMD.12 The pre sent
study gro ups we re com pa rab le with res pect to
BMD pa ra me ters, ho we ver, in de pen dent of the CS
use, so me of our COPD pa ti ents had os te o pe ni a or
os te o po ro sis. 

A ca se-con trol study in vol ving a lar ge gro up
of sub jects has shown an as so ci a ti on bet we en the
ex po su re to high do ses of in ha led CS and the risk of
os te o po ro tic frac tu res. The aut hors ha ve al so cla i -
med that pa ti ents with se ve re obs truc ti ve air way
di se a se had a high risk of frac tu re.13 In the HUNT
study, a sig ni fi cant as so ci a ti on was ob ser ved bet -
we en in ha led CS use and lo wer BMD. No do se-res -
pon se as so ci a ti on was ob ser ved bet we en in ha led
CS and BMD at tri bu ted to nar row do se ran ge. No
dif fe ren ce in BMD by type of in ha led CS had be en
ob ser ved eit her.14 EU ROS COP, one of the lar gest
lon gi tu di nal stu di es sho wing ef fects of in ha led CS
on BMD, in di ca ted that long-term tre at ment with
in ha led bu de so ni de, at a do se of 800 µg.day-1, had
no sig ni fi cant ef fects on BMD or frac tu re ra te in

PaO2 SaO2 1-25-OH D3 (µg/L)  Phosphorus(mg/dl)

(median) (median)   (median)   (median)

VTS

Normal 60.72±9.82 90.22±6.5     24.45±14.39    3.32±0.79

(n:21) (61.10) (92.70)    (23.40)     (3.50)     

Osteopenic 55.18±12.30&  86.48±5.64&  15.04±6.18*  3.94±0.54*

(n:15)     (53.70) (88.60) (14.20) (4.10)   

Osteoporotic  50.22±9.27# 82.38±8.63¥  15.84±5.55   3.58±0.36

(n:9)  (51.40)     (80.40)    (17.50)   (3.50)  

TABLE 5: According to vertebra ‘T’ score (VTS), PaO2, SaO2, blood phosphorus and 1-25-OH D3 values. (Osteopenics-
osteoporotics had low oxygen and saturation levels and osteopenics had low vitamin D/phosphorus levels).

&: p<0.05, Osteopenic vs normal,, #: p<0.05, Osteoporotic vs normal, ¥: p<0.01, Osteoporotic vs normal, *: p<0.05, Osteopenic vs normal

FIGURE 1: Correlations; a) VTS and BMI (r=0.34, p<0.05) b) VTS and PaO2 (r:0.44, p<0.01) c)VTS and FEV1% (r:0.34, p<0.05).
VTS: Vertebral T score; BMI: Body mass index; PaO2: Arterial oxygen pressure; FEV1: Forced Expiratory volume in 1 second.
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COPD pa ti ents.15 Although our study was not per-
formed in a large study group, some patients in our
in ha led CS gro up we re os te o pat hic wit ho ut any
frac tu re his tory. This in con sis tency may be at tri -
bu tab le to the li mi ted num ber of pa ti ents in the
pre sent study.  

CS af fect the pro xi mal musc les vi a re duc ti on
of glu ta mi ne synthe ta se ac ti vity.16 Cu mu la ti ve CS
do ses ha ve be en do cu men ted as the most im por -
tant fac tor in the de ve lop ment of myo pathy in the
in tu ba ted pa ti ents with COPD acu te exa cer ba ti -
on.17 Musc le at rophy fre qu ently oc curs in COPD
pa ti ents li mi ting the exer ci se ca pa city and je o par -
di zing the qu a lity of li fe.18 We me a su red MEP to
eva lu a te the func ti on of res pi ra tory musc les in the
pre sent study. Con sis tent with the fin dings in the
pre vi o us studies, MEP va lu e was sig ni fi cantly lo -
wer in syste mic CS gro up than that of both in ha led
CS and ne ver CS gro ups, sug ges ting res pi ra tory
musc le strength was not af fec ted by in ha led CS.
Thus in ha led CS can be sa fely used in COPD pa ti -
ents as ne e ded. As ex pec ted, os te o po ro tic and os-
te o pe nic pa ti ents ac cu mu la ted in the syste mic CS
gro up. The se fin dings sug ges ted that syste mic CS
not only af fect bo ne mi ne ra li za ti on but al so im pa -
ir res pi ra tory musc le strength.

Cal ci to nin is a pro tec ti ve hor mo ne aga inst the
de ve lop ment of os te o po ro sis due to its an ti-re sorp -
ti ve ef fect.19 In a study in ves ti ga ting ana bo lic ef-
fects of sal mon cal ci to nin on the ske le tal tis su e in
fe ma le rats with CS in du ced os te o pe ni a, on ce sal -
mon cal ci to nin was ad mi nis te red, ske le tal re sorp -
ti on dec re a sed and bo ne for ma ti on was
sti mu la ted.20 In our study, syste mic CS gro up had
lo wer cal ci to nin le vels than those of in ha led CS
gro up and ne ver CS gro up sho wing that syste mic
CS might de te ri o ra te the bo ne re sorp ti on/for ma ti -
on equ i lib ri um whe re as in ha led CS did not al ter
cal ci to nin le vel re sul ting in a pro tec ti ve ef fect on
bo ne re sorp ti on. 

Re gu lar eva lu a ti on of so me bi oc he mi cal mar -
kers of bo ne me ta bo lism such as se rum os te o cal sin,
cal ci um or al ka li ne phosp ha ta se le vels, and BMD
wo uld be help ful for de tec ting any det ri men tal
chan ges of bo ne in COPD pa ti ents.21 The re is a re-

ver se mec ha nism bet we en phosp ho rus and cal ci -
um. When phosp ho rus re up ta ke increases, its sec -
re ti on dec re a ses. Ad di ti o nally, syste mic CS can
re du ce the cal ci um re up ta ke from re nal system
whi le in cre a sing the uri nary sec re ti on.22 Os te o pe -
nic pa ti ents of the pre sent study had hig her se rum
phosp ho rus va lu es than nor mals and os te o po ro tics
sug ges ting that os te o pe nics we re lo  sing cal ci um
mo re than ot her gro ups en han cing the de ve lop -
ment of os te o po ro sis. Os te o po ro tics might ha ve be -
en no lon ger lo  sing cal ci um du e to lack of cal ci um
sto ra ge. In ad di ti on, phosp ho rus was fo und to be
ne ga ti vely cor re la ted with VTS, sho wing that se -
rum phosp ho rus le vel was di rectly re la ted to BMD
li ke a pro mo ting fac tor. 

Vi ta min D has a pri mary ro le in the mi ne ra li -
za ti on of bo ne mat rix. In our co untry, vi ta min D
de fi ci ency is re por ted to be com mon (%33.4)
among el derly pe op le pro bably du e to the ir clot h-
ing ha bits.23 In a study in ves ti ga ting the ef fects of
we ight and vi ta min D on bo ne den sity in 71 can di-
da tes of pul mo nary trans plan ta ti on for pul mo nary
di se a ses, vi ta min D de fi ci ency was de tec ted in both
thin and nor mal-we ight pa ti ents. Ho we ver, a po si -
ti ve cor re la ti on was ob ser ved bet we en vi ta min D
de fi ci ency and low FTS  in only thin pa ti ents.24 Os-
te o pe nic sub jects of the pre sent study had docu-
mented vi ta min D de fi ci ency.

BMI is a well-known fac tor influencing the
bo ne den sity.25 In post me no pa u sal wo men, low
BMI has be en shown to be a con si de rab le risk fac-
tor for the de ve lop ment of os te o po ro sis.26 In anot -
her study, obe sity was shown to pro tect aga inst
os te o po ro sis.27 In go od ag re e ment with the se re-
sults, our da ta de mons tra ted that BMI of COPD pa-
ti ents was po si ti vely cor re la ted with both FTS and
VTS. Most of the pre sent pa ti ents’ BMIs we re hig -
her than 18.5 ex cept for two. This may ac co unt for
its pro tec ti ve ef fect aga inst os te o po ro sis in sub jects
of the pre sent study, des pi te in ha led and/or syste -
mic CS con sump ti on. 

Among 104 COPD pa ti ents, ones with os te o -
po ro sis had lo wer FEV1/FVC than the ones with no
os te o po ro sis at all.5 Anot her study show that the
ex tent of pul mo nary emph yse ma sig ni fi cantly cor-
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re la ted with re du ced bo ne den sity.28 Sup por ting
this, we ob ser ved sig ni fi cant cor re la ti on with VTS
and FEV1% or FEV1/FVC sho wing that os te o po ro -
sis risk in cre a sed as COPD prog res ses. The prog -
res si on of COPD might ha ve led to os te o po ro sis as
such sub jects might ha ve ne e ded mo re CS; the se
sub jects with se ve re hypo xe mi a might ha ve dec re -
a sed mo bi lity and sun light ex po su re furt her af fec -
ting the bo ne me ta bo lism ne ga ti vely. 

Hypo xe mi a is an im por tant risk fac tor in the
de ve lop ment of os te o po ro sis. BMD of COPD pa ti -
ents on long-term oxy gen the rapy for two ye ars has
be en fo und sig ni fi cantly lo wer when com pa red to
the ones who ne ver ne ed oxy gen the rapy.29 Com-
pa tib le with the se fin dings, in the pre sent study,
os te o pe nic or os te o po ro tic pa ti ents with regard to
their VTS had lo wer Pa O2 and Sa O2 com pa red
with nor mal BMD sub jects. As hypo xe mi a de ve -
lops in COPD pa ti ents, all systems can be af fec ted.
Pa ti ents on oxy gen the rapy re ma in im mo bi le and
this furt her en han ces the de ve lop ment of os te o po -
ro sis. Pa O2 and Sa O2 va lu es al so fo und to be cor re -
la ted with VTS. Hen ce, we sug gest that COPD
pa ti ents with evi dent hypo xe mi a sho uld al so be
eva lu a ted for os te o po ro sis.

So ma to me din is an im por tant growth fac tor
for bo ne res to ra ti on. Dis tur ban ce in the growth
hor mo ne (GH)-so ma to me din C axis is known to be
re la ted with a dec re a sed bo ne for ma ti on. It has be -
en de mons tra ted that hu man re com bi nant GH tre -
at ment im pro ves ac cu mu la ti on of bo ne mi ne ral in
pa ti ents with cystic fib ro sis.30 Da ta of a study se arc -
hing age-re la ted fe mo ral bo ne loss in men, the ma -
jor ef fect has be en exp la i ned by the age-re la ted
in cre a se of PTH and dec re a se of in su lin-li ke
growth fac tor-1.31 In the pre sent study we exc lu -
ded the pa ti ents over the age of 70 ye ars to ru le out
the ef fect of age ing on bo ne for ma ti on. Alt ho ugh

our sub jects we re not that old, we fo und a sig ni fi -
cant cor re la ti on bet we en FTS and se rum so ma to -
me din le vel. Thus, the de e per the hypo xe mi a is, the
lo wer the so ma to me din pro duc ti on, furt her dec re -
a sing the BMD. 

Sig ni fi cant cor re la ti ons were observed bet we -
en VTS and BMI, FEV1%, Pa O2, Sa O2 and so ma to -
me din. Whi le COPD gets wor se, os te o po ro sis al so
gets mo re se ve re. This in te rac ti on can ea sily be de-
du ced in the cor re la ti on analy sis of VTS and FTS
sco res with PFT in the pre sent study. In ot her
words, when VTS and FTS dec re a se, PFT dec re a -
ses, to o. A number of stu di es demonstrated that
sub jects with lo w va lu es of spi ro met ric pa ra me ters
were un der high risk for os te o po ro sis.25,29,32-36 Thus,
COPD pa ti ents sho uld be fol lo wed-up for BMD,
BMI and hypo xe mi a at ap prop ri a te pe ri ods to avo -
id pos sib le bo ne loss.

De ve lop ment of os te o po ro sis in COPD is mul-
ti fac to ri al. Bronc ho cons truc ti on and hypo xe mi a
are con tri bu ting risk fac tors for de ve lop ment of os-
te o po ro sis. Im mu ne mec ha nisms and bi oc he mi cal
chan ges on bo ne turnover and physi cal inac ti vity
ca u sing im mo bi lity furt her pro mo te os te o po ro sis.
Among the drugs, syste mic ste ro ids in ter fe re with
both ske le tal and mus cu lar tis su e me ta bo lism re-
sul ting in os te o pathy and musc le we ak ness. The re -
fo re, in ha led ste ro ids sho uld be the first cho i ce in
COPD since they are free of se ri o us si de-ef fects.
COPD pa ti ents sho uld be ca re fully fol lo wed up not
only for spi ro met ric tests and blo od gas analy ses
but al so for os te o po ro sis and res pi ra tory musc le
strength.
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