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What can we learn about bone
density in COPD patients from a
chest CT? A systematic review

We systematically reviewed the current research literature
to 1) investigate whether there was a difference in bone
mineral density (BMD) between chronic obstructive pul-
monary disease (COPD) patients and non-COPD controls,
2) determine the influence of severity and subtype of
COPD on BMD, and 3) determine the risk factors for lower
BMD in COPD patients. The Web of Science and PubMed
databases were searched on September 25, 2023. Stud-
ies where BMD was evaluated with computed tomogra-
phy (CT) or quantitative CT in patients with COPD were in-
cluded in the review. We collected data on the number of
COPD patients, the average age, average body mass index,
average predicted forced expiratory volume in one second
(%) or Global Initiative for Chronic Obstructive Lung Dis-
ease stage, the average of low attenuation areas, the use
of corticosteroid therapy, the use of osteoporosis therapy,
the average BMD, and the location of BMD measurement.
Twelve studies met our review criteria. Although in several
studies COPD was associated with a decreased BMD, most
of the studies suggested that COPD, especially in its milder
forms, was not strongly associated with osteopenia or os-
teoporosis of the thoracic and lumbar spine.
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Chronic obstructive pulmonary disease (COPD) is a lung
disease characterized by an accelerating and irreversible
airflow limitation. A hallmark of the disease is an abnormal
and overly excessive inflammatory response of the lung
tissue to noxious particles and gases (1). The Global Ini-
tiative for Chronic Obstructive Pulmonary Disease (GOLD)
groups patients with COPD into four categories based
on symptoms and exacerbation history (A to D), and into
GOLD stage 1 to 4 based on forced expiratory volume in
one second (FEV)) (2). Although COPD is predominantly a
pulmonary illness, it leads to important extrapulmonary
complications including loss of arterial compliance (pro-
gressive arterial stiffness), skeletal muscle wasting with
consequential atrophy, systemic hypertension, and osteo-
porosis (1,2).

A direct link between COPD and osteoporosis is not yet
clearly established, but it may include effects of cigarette
smoke on bone tissue, decreased or lack of physical activity,
poor nutritional profile, glucocorticoid use, and chronic in-
flammation (3). Osteoporosis is characterized by decreased
bone strength as a result of declining micro-architectural
integrity and low bone mineral density (BMD) (4). Individu-
als with osteoporosis are more likely to experience bone
fracture (radial, hip, vertebral body), which significantly in-
creases their morbidity and mortality. This is especially im-
portant for COPD patients, since vertebral fractures can
worsen their already compromised lung function. The pri-
mary predictor of BMD loss is age, but sex, obesity, and a
host of other disorders also play a role (4-6).

BMD is measured with several noninvasive modalities. The
gold standard is dual-energy x-ray absorptiometry (DXA),
but in recent decades BMD has been opportunistically es-
timated with quantitative CT (QCT) scanning (expressed in
mg/mL) and quantitative ultrasound. It can also be mea-
sured with standard CT (expressed in Hounsfield units),
which excellently correlates with the reference DXA mea-
surements (7). CT is commonly used in the examination
of pulmonary diseases, including COPD, to determine the
nature and extent of the condition (8). CT scans not only
provide information about the lung parenchyma, but also
on atherosclerosis, BMD, and the amount of visceral fat (9).
With this in mind, the assumption is that CT may serve as a
surrogate method for BMD measurement instead of DXA,
since it may provide more valuable information within a
single examination, thus reducing the radiation exposure.
Romme et al showed that BMD measured on chest CT was
strongly associated with BMD measurements on DXA in a
COPD population (7). However, in the literature, we have

not identified any systematic review on BMD in patients
with COPD evaluated by CT or QCT.

Therefore, the aim of this systematic review was to summa-
rize current research on BMD in patients with COPD evalu-
ated by CT or QCT. Specifically, we investigated 1) if there
is a difference in BMD values between COPD patients and
non-COPD controls, 2) the influence of severity and sub-
type of COPD on BMD, and 3) risk factors for lower BMD in
COPD patients.

MATERIALS AND METHODS
Search strategy

The systematic review was conducted according to the
2020 Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) checklist. Web of Science (WOS)
and Medline/PubMed databases were searched on Sep-
tember 25, 2023. A combination of the following search
words was used: "emphysema,”"COPD,""bone mineral den-
sity, and “CT" The inclusion criteria were as follows: origi-
nal research articles, English-language articles, studies in-
volving living human subjects, bone density measurement
performed with standard CT in HU or QCT in mg/mL.

The initial search (performed by DV) resulted in 111 pub-
lished papers: 57 from Medline and 54 from WOS. Twenty-
six duplicates were removed. Seven studies were excluded
as they were performed on animals or not written in Eng-
lish. After abstract and title screening (DV and DBM), fur-
ther 60 studies were excluded. Both authors read the full
text of the remaining studies and excluded 6 studies. Final-
ly, 12 studies were included in the systematic review (10-
21). The study selection strategy is presented in Figure 1.

Data analysis

After a detailed analysis of the 12 selected studies, the fol-
lowing data were extracted: the name of the first author,
the year of publication, characteristics of study partici-
pants, study design, exclusion criteria, research question,
the number of COPD patients, the average age, average
BMI, average FEV1% predicted or GOLD stage, average
of low attenuation areas (LAA%), the use of corticoster-
oid therapy, the use of osteoporosis therapy, the average
BMD, the location of BMD measurement, and fractured
vertebrae excluded from measurement. Given the exces-
sive heterogeneity of the study objectives and study
designs, statistical analysis was not performed.
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RESULTS

Studies on the difference in BMD between COPD and
non-COPD patients

Out of 12 studies included, five investigated the difference
in BMD between COPD and non-COPD patients (Table 1).
Four of these studies measured BMD with standard CT (ex-
pressed in HU), while one study measured BMD with QCT
(expressed in mg/mL). Three studies showed a lower BMD
in the COPD group than in the non-COPD group. De Jong
et al (3) found lower BMD in patients with COPD than in
controls (100.7 HU vs 108.9 HU, P<0.001), while Wilson et
al (10) found lower BMD in COPD patients (120.1+44.4
mg/cm?) than in smoking (148.9+47.8 mg/cm?) and non-
smoking controls (137.8+39.6 mg/cm?®, P<0.001) (10).
Romme et al found similar findings (patients: 164.9+49.5
HU; smoking non-COPD controls: 183.8+46.1 HU; non-

Records identified from
databases:

PubMed (n=57)

WOS (n=54)

Croat Med J. 2024;65:440-9

smoking non-COPD controls: 212.1+54.4 HU, P<0.001),
but after adjustment for age, sex, and pack-years of smok-
ing, the difference was not significant (P=0.206) (11). Con-
versely, Pompe et al (12) and van Dort et al (13) found no
difference between the groups. However, van Dort et al
found a significant difference in BMD between COPD and
non-COPD participants only in men at the twelfth thoracic
vertebra (T12) (P=0.03) (13).

Wilson et al also showed that the highest BMD quartile
(BMD=143.6 mg/cm? in men and >142.1 mg/cm? in wom-
en) was related to a 36.0% decreased risk of death com-
pared with the lowest quartile (BMD<87.3 mg/cm? in men
and BMD<87.1 mg/cm? in women; HR=0.64, 95% Cl 0.52-
0.80, P<0.001) (10). As for functional lung parameters, in
the study by Romme et al, BMD positively correlated with
FEV, (r=0062, P=0.014), FEV/FVC (r=0.102, P<0.001),
and body mass index (BMI) (r=0.243, P<0.001). It nega-

Reports identified
(n=111)

Reports screened

Duplicates removed (n=26)

Reports excluded:
- not written in English language (n=3)

(n=85)

Full-text articles assessed for

- animal research (n=4)
- after title or abstract review (n=60)

Excluded after full-text reading

eligibility
(n=18)

Studies included (n=12)

FIGURE 1. Study flowchart.

www.cmj.hr

(n=6)




443

4/\ JUSPIDUI JO YSI D3 JO S|SPOUI S1RLBAINW Ul 4A JU3)|
-eAd1d 10J SPPO Y1 9seDUl 10U PIp 26RIS 010D 410 ddOD
(65€0°0=d) AdOD INOYIM

950U pUB YlM $103[gNS U9am1ag punoy sem giNg Ul 9ous
-I241Pp JURDLIUBIS B 7|y 18 painseaw sem dNg pue uop
-eindod Apnis 2y WOJ) PRIDRIIXS 2I9M USW AU USYM
66900=d

(9'87F £51) s123[qns ddOD-UOU pue (8'9%F /£ 51) AdOD
U99M13g QA UBSW 243 Ul 22UR441p Juedubis ou
ain1oel) pue

AWg J2MO| Yum pateposse Apuspuadspul 1ou sem ddoD
241261} e Jo 35Uasald By} Yum pare

-1D0SSe 2I9M (E0°0 =d) SN1LIS Buljows pue (10°0>d) ANg

(200=d) NH £T'L Aq p=se2159p ANE NH 0L
AQ PaseaIoap (AUSWINSEIW BWSSAYAWS) G[249d Usym

(1000>d

'060°0=1) BW3sAydwa Jo 1Ua1x3 3yl yum AjoAiebau pue
(1000>d 'sbz’0=4) NG (1000 >d '201'0=1) DA/'A34
(¥100=d ‘790°0=1) ‘A34 Yum A[9Amis0d p1e[@110d QNG
907°0=d 2uedyiubis 10u

SeM 2DUJ4IP Y1 Buows JO sieak-yded pue ‘xas ‘96e 1oy
JusuiIsnfpe Jae INg L00°0>d (NH ¥+ F 1'2le) S|01uod
Bupjowsuou pue (NH 1'9¥ F8'€81) bupjows yum paied
-WOD 19A0| seM (NH S6 F6+91) siuaned dod Ul NG
USWOM Ul ((Wd/Bw /8> NG PUe UsW Ul (/b
€/8>AINg) 2|1enb 159mo| aU LM pasedwod (1000 >d
‘08'0-C5°0 11D %56 790 =YH) YIe3P JO {SU PISEIID3P 9%0'9¢
2 Y}IM P3IRIDOSSe SeM (USLIOM Ul (Wd/bul |'Zi7|Z pue

UsW Ul (wd/Bbut 9'eyl=aNg) 9]1senb ang 1saybly auy
(L00'0>d 'cWD/BW 96 FGLEL SA EW/OW 8/ F 6811

SA WD/BW 44 F |'0ZL) S|0J1UO0D Buows-uou pue Hul
S{ows eyl NG Jamo| pey (-1 109) siushed adod

(0£7°0=d ‘%€ 8 SA %9'6) Suaied gdOD-uou pue
syuaned gdoD Ul Jejiwis sem aouajeAaid ainidel) [eIgR1ISA
(L000>d
‘NH 6:80L SA NH £001) susned gdoD Ul 1amo| sem aQiNg
awg buipiebai
SaWodINQ

Anpwondiosqe Kel-x ABIaud [enp - yXId ‘[eAISIUI 2U3PYUOD — | ‘Oles piezey — YH ‘Audeded |eyiA panio) — DA ‘Alsuap [eiaulw duoq - gINg @seasip
K1euow|nd 3A119N135G0 d1U0IYD — GO ‘utod 3]11uad1ad YIG| — §12494 ‘24N1DR14 [RIGILIIA — 4/ ‘SHUN PIAYSPUNOH — NH ‘Pa3d1pald puodas | ul swnjoa iojelidxa padioy - paid™ A34 ‘abeiusdiad eaie UOIENUSLIR MO| - %Y YT :SUOIIRIADIGQ Y

oRICalIoA |[e Ul (W G/¢

JO 109 (NH U ZLL O ¢l eI
-21J9A JO SUOII_NUSIIR DUOQ

sak P1eWIISD JO dN|eA Ueaw

auoq

Jejnd>ageJ1 snousbowoy Ajuo

JO |OY {(NH UI) 2U0 153502 Y3

sak 'D2INIDRIY §I ‘PUB BIGILIDA |

9RICILIIA

Jo 1ed [enuad ayi ul oY {(NH

ul) OLL pUe /1 'yl RIGR1SA

JO suollenualie auoq

B/u P1eWIIS3 JO dN|eA UeaW

({W>/Bw ul) |7-9] BIGSLISA

94} JO suofenuale auoq

sak P1eWIISD JO dN|eA UeaW

auoq

Je|n>ageJ1 snousbowoy Ajuo

JO |OY ‘NH U1 BUO 153500 Y3

sak 'paINIDRIY §I ‘PUB BIGILIA |
papnxa poyiaw pue
EIICEMETY JusWaINSeaW

painidoely AINg Jo uoied0T

AadOod inoyiim

PUB UM SISYOWS J2UWIO0)
PUB 1Ua4IND U| $3IN1del)
[BIG21J9A JUSPIDUI JO XS SU3
Y1IM SURDS | D) UO painseswl
S2IN1DeJ} [RIQDLIDA JUS[RARID
3U1 pue UOlIENUIIE SUO]
US9M19Q UO[IRIDOSSe 9y}
Aadod noyim

pue yim syusned ul ssnijew
-Jouge bun| Joj painseaw
suonesyiuenb | |eianas
Y1IM 2IN3DRIJ [RIGSIISA PUB
AINg JO UoiePOoSSe 3yl
11040D

adOD 2y Ul siyJewolq K10y
-ewweyyul pue sia3auieled
[eD1UI[2 O UOIIBNUS1IR SUOJ
paINseal-| ) JO Uofe[al sy}
S|0J3UOD-I9¥OWSUOU pue
-I9ows pue syusned gdod
U99M19 98IGa1ISA DIDRIOY}
9U31 JO UOJ1BNU1Ie SUOq
painseaw-| D Jo uostedwod

swusned 4dod
Ul SSWODINO |PAIAINS pue
[B21UlD Uo QNG JO 1oedwl

Bupjows pue snieis gdod
Y3IM S2IN3DBIJ [BIGLIDA pUR
AINg JO UOIIBDOSSE ‘S31n1del)
[R4Q91IDA JO 9dUseARId
uonsanb
yoIeasay

A19bins bun|
snoiAa.d :9snQge JUSA|0S U0 ‘Bnip
'loy02|e JO DUIPIAS ‘A1us Apnis
210J3q $IP3A G Ul J9DURD '9SPISIP

AJojewwejul JuedyiubIs Jusw|ol
-U3 03 Jold S¥29M f Ul Juawieal}
Bulinbal suopeqiadexs spioial
-S0D[310D |el0 JO 3SN DIUOIYD :ddOD
uey3 Jay1o aseasip Aioresidsal

B 0t Ueyl aJjouwl 1yblam ‘A1oisiy
195UBD SNOIASId IO JUSLIND XeIOY)
3U31 JO ueds | D) 1uadal ‘yieay
100d 10 S1eI9pOW payiodal-f|9s

SPI0J31SODI0D [RIO JO
95N d1uoIyYd ‘A19bins bun| snoiasid
‘9sNge JuaA|0s Jo ‘Bnup ‘joyod|e

JO 9DUIPIAS ‘A1IUD APN3S 91049q
SIeaA G 343 Ul J9dueD [95eas|p A0}
-ewlweyyul Juesylubis ‘gdod

UeYl Jay10 osessip Aioresidsai

V/N

6% 0L ueyl aiow ybrom

‘A10151Y J9dued snojaa.d Jo 1ua1INd
XeJOY3 93 JO UBDS | D) 1Udal

‘Yiesy
100d 10 S1es9pOoW payiodal-f|9s
eLIRILID
uoisnjdx3

6ECl=u
Apms 354103

€60l =U
[} NOSTAN

6/0C=u
Apnis 354113

€0L6=U
2U95dd0D

opLL=u
[eI NOSTAN
syueddiied

610C (€1)

Apnis10yod  |e 12 1o uea

910¢ ‘(1)

[BUOIIDS-SS04D |e 12 adwiod
eloz (L)

[BUOND3S-SSOID e 12 swwioy
ceoz (o)

Apnis 1Joyod [B 13 UOS|IAN
10T (€)

[BUOIIDDS-SSOID  |B 19 Buorag
ubisap Je3ak pue
Apnis Joyine isii4

«Siuaned gdod-uou pue (Qd0D) asessip Areuownd aA11ONIISCO JIUOIYD USIMIS] AUSUSP SUOq Ul 3dUIBYIC 'L 379VL

www.cmj.hr



Croat Med J. 2024;65:440-9

REVIEW

444

‘abesane — X ‘s}un pjsyspunoH — NH ‘pa1dipald puodas | uj awnjoA A1ojelidxs padioy — paid™ A34 ‘ebeiusdiad eale uoieNUSIIR MO| — %Y\ :SUOIIRIASIGQ Y,

(€09 'S¥0) €0

(€0-10)
(NH ) ‘paud
e/u 17 NHG6Er+8€ELL V/N V/N V/N %LA34 Ueipawi
(NH uy
K1apie
A1euoiod urew
343 JO [2A3] 33 18
S31pOQ [eIgRLIBA
J1DRIOY) 2ANDSS
sok -uod 331y3 Jo X NH 0S+8¢lL V/N (%S67) S6 V/N €0C+6'19
NH
(NHu) oerFosel -yl
0Ll NH
B/u pue’/L p1joX repFeeel =ML @61) ¢ %87) 8 6ELFOVC  TOTF 899
(NH )
sek ZLL o1yl JoX NH L9YF €151 V/N papn[ox3 VN  LSLF96Y
(NH U1
OoLL
g/u pue /] ¥l Jo X NH §6F F679L V/N (%€2) 98LL ECLFLLL 651 F58Y
(sw2/Buwl ul)
= LT-9L 40 XXX Jui/bw 444 F L0zl W/N (%92 1) 088l CUFLIL LTTFILS
(I'8€'60) 8'1€
UoI1eqJaeX3 ON
Ju/bwi g'gel =uon (T6€ '610) 9TE (69 '8'LY) ¥'9S
-eqJa0ex3 ON uoneqiadexy (€O-10)
‘(w/Bua u) |w/Bu (€0-10) ‘paud
e/u OlLpuUe’/] vl F'zel =uoneqgiadexy  pspn|oxo 6C %YV UeIpaWl 95| A34 UeIpaW
©6/°S)
SC—-¢d10D
(9%60¢)
SEL -2 dlooD
(NH un) (%17°€9)
sak L1 NH9€E+ /001 V/N V/N V/N /-1 d10D
juswiaInseaw  juswainsesw asFuesw  s1s0410dod1SO SPI0ISISODIII0D asFuesw asFuesw
wouj papnpPxa gNg 4o uonedo syuaned 10} Adesay) Buisn (NH 0S6- ‘%YY1) 9beis a100
EEIEIETN adod urdg buisn syuaned syuaned adfigns 1o paid™p34
painidely snojewasAydwy

44/ CD)
V/N  00LFL69 (0oL 6¢L 219 Buem

0coc ‘(S e
EVF6CC L1F969 (S5T6) zee 19 Buemy

810Z ‘(1)

0CF/TT 8/¥869  (Ct6) 0L (2190109
610¢

€pes

9r+9SC 027879 (6199666 1OQueA

€loz (L) e
8GFS9T IZFE€E9  (#9) #€91 19 dwwoy

(%S'1€)

8E€l — 0E=ING
(%8£°€€) SEVL
- 0E>INgSST
(% Ce) 6951
- GC>INgSS 8L
(%S0 zzoz o)
901 - §'81>I\Wg 98F1'€9  (001) 8¥CH |12 UOS|IM
(9'96) 67
uojlegleoexs
ON

(€€c's6l) 1T (€9£0699) 0L (%%S8) €L ZloT '(61)

(€0-10) (€O-10) uoneqiadexy [e19

IWg ueipaw  obe uepaw 8T6) Ty emeoAny

¥10z (€) e
9EF 19T GSFTE9 (001) LEF 19 Buor e
gsF¥uesw  QSFueaw (usw  1eaf pue
IWg ‘(sieak) aby o) stuaned Joyiny
adopd jo
Jaquiny

xSHNS31 93 03 PAINQLIIU0D dARY JYBIW 3Ry} SI030B) PUE ‘SPOYIdW | D Y3oq Aq painseaw A}Suap auod Jo sanjea [eduswny 'z 379v.L

www.cmj.hr



Vukovié et al: What can we learn about bone density in COPD patients from a chest CT? CM l'

tively correlated with the extent of emphysema (r=0.090,
P<0.001) (11). Regarding BMD and emphysema, Pompe
et al demonstrated that when Perc15 (emphysema mea-
surement) decreased by 10 HU, BMD decreased by 1.27 HU
(P=0.02) (12) (Table 1).

The association of BMD with the stage and duration of
COPD, and with emphysematous type of COPD

Out of 12 studies included, seven involved only COPD pa-
tients. These studies had different aims (Supplementary Ta-
ble 1). Three studies measured BMD with standard CT, while
four studies measured it with QCT. The majority of the stud-
ies investigated the association of BMD with the stage and
duration of COPD (14-17), three studied the relationship be-
tween BMD and emphysematous type of COPD (14,17,18),
one study assessed the impact of the disease dynamics on
BMD (19), and one assessed the correlation between BMD
measured by CT and BMD measured by DEXA, as well as de-
termined the overall lower BMD in a selected COPD popula-
tion (7). Jaramillo et al detected low BMD in 58% of all study
participants, more frequently in patients with more severe
COPD. Low BMD was reported in 84% of patients with the
most severe COPD (17). Moreover, Hwang et al showed that
the mean BMD differed significantly between the GOLD
stages (GOLD 1 - 141.3+55.6 HU vs GOLD 4 — 1058+454
HU; P=0.003) (15). No association between GOLD stage and
duration of COPD with BMD was demonstrated by Goto et
al (14) and Wang et al (16). More precisely, there was no as-
sociation between average BMD and FEV|. Goto et al (14)
found that the progression of osteoporosis and the progres-
sion of COPD were not directly connected with each other.
In the study by Wang et al, BMD wasting was 5.63 HU/per
year (P<0.0001) and the duration of COPD was not associ-
ated with the bone loss of the vertebral body (16).

Goto et al found that COPD, especially emphysema, was
associated with both low BMD and low visceral fat, after
adjusting for the history of corticosteroid use, age, the
amount of overall smoking (pack-years), ongoing smoking,
and disease exacerbations (14). Ohara et al showed that
BMD was significantly correlated with the amount of lung
parenchyma affected by emphysema (18). On the contrary,
Goto et al found no association between the two (14).

Kiyokawa et al showed that the median annual changes in
BMD and BMD/base were significantly greater in patients
with than in those without COPD exacerbations (ABMD
mag/mL year: -3.78 vs -0.30, P=0.01) (19). In the study by
Hwang et al, lower BMD, in addition to older age, decreased

BMI, FEV,, and diffusing capacity of the lungs for carbon
monoxide, was an independent predictor of all-cause mor-
tality (HR, 1.957; 95% Cl, 1.075-3.563, P=0.028) (15).

Values of BMD in COPD patients in relation to risk
factors

Out of 12 studies included, from eight we were able to ex-
tract exact numerical data on BMD in COPD patients, and
data on factors that could have affected the results (Table
2). QCT was used in two studies and CT was used in six. In
these six studies, BMD was measured directly by position-
ing the region of interest (ROI) on the selected vertebra on
a chest CT scan. Most studies measured BMD at the level
of several arbitrarily chosen thoracic vertebrae (10,11,13-
15), while two studies measured it at the level of the L1
vertebra (3,16). One study had three sites of measurement
on the thoracic spine (T4, T7, and T10) (19). Four studies
excluded fractured vertebrae from bone density measure-
ments (3,10,13,15). The total number of included COPD
patients in the eight studies was 7914. The patients were
predominantly male (90%-100%) in six studies, while two
studies had a 40% share of women (11,13). The average pa-
tients'age ranged from 62 to 70 years. The average BMI val-
ue was available for seven studies and, in all of them, was
within the normal range (18.5 to 25). The average FEV,%
predicted in four studies was in the GOLD 2 category (50-
79 FEV % predicted) (10,14,15,19) and in three studies in
the GOLD 3 category (30-49 FEV % predicted) (11,13,16).
For one study the numerical value of FEV % predicted was
not available, only the distribution of patients according to
GOLD categories, with over 60% patients classified in the
GOLD 1 category (3). Four studies reported LAA%, which
ranged from 11.7+12.3% to 32.6% (Q1-Q3, 24.9%-39.2%).
The number of patients using oral or systemic corticos-
teroid therapy was reported in five studies, and was 3198
(53.06%). Only one study (14) reported two patients using
osteoporosis therapy, while others did not collect this type
of data. The average BMD measured with CT ranged from
100.7+33.6 HU to 164.9+49.5 HU; and when measured
with QCT, from 120.1+£44.4 mg/mL to 135.8 mg/mL.

DISCUSSION

To the best of our knowledge, this review was the first to
systematically evaluate studies that examined the effect of
COPD on BMD assessed by chest CT. COPD patients regu-
larly undergo a chest CT scan for a more detailed analysis
and categorization of the disease. CT is also performed

in these patients as a part of the national program
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for the early detection of lung cancer due to shared risk
factors. Therefore, CT may serve as a surrogate method for
BMD measurement instead of DXA, since it may provide
more valuable information within a single examination,
thus reducing the radiation exposure.

CT and QCT have similarities and differences. Although
standard CT cannot directly calculate BMD, it can provide
valuable and precise information regarding the structure
of the measured bone (x-ray attenuation in HU), which
may indicate bone loss or other skeletal changes (20). It has
a higher radiation dose than QCT, but when it is performed
in the diagnostics of COPD, it is a quick and easy method to
opportunistically examine bone density. QCT was specially
designed to measure BMD and has to be done as a sep-
arate examination. It measures BMD in three dimensions
and is particularly useful for evaluating the trabecular bone
(21). Moreover, it has better sensitivity than DXA and better
correlates with clinical outcomes related to fractures than
conventional CT or DXA (22). Despite this, DXA is still the
standard method for assessing BMD due to lower radiation
exposure and wider availability (23).

The exact mechanisms that link COPD and osteoporo-
sis are unclear. Osteoporosis is either a systemic manifes-
tation of COPD with a causal link, or comorbidity due to
shared risk factors (eg, older age and smoking). A number
of pathophysiologic processes have been proposed to link
osteoporosis with COPD, including vitamin D insufficiency
or deficiency, disruption of the osteoprotegerin/receptor
activator of NF-kB (RANK)/RANK ligand pathway, and sys-
temic inflammation (11).

Among several factors that impact bone turnover, and
thus BMD, patient’s age is considered the main determi-
nant (4,6). However, in the studies included in this review,
although the average age ranged from 60 to 70 years, the
average BMD highly varied from study to study. For ex-
ample, in six studies, where it was measured with CT, BMD
ranged from 100 HU to 164 HU, and in two studies, where
it was measured with QCT, it was 120 mg/mL and 135 mg/
mL, respectively. Several studies have shown that the av-
erage BMD gradually decreases craniocaudally; therefore,
the location of the BMD measurement might have affect-
ed the result (6,24). For example, six studies measured the
average BMD of several arbitrarily chosen thoracic verte-
brae, while only two studies measured it at the level of the
L1 vertebra. These two studies obtained the lowest aver-
age BMD values (100.7+33.6 HU and 113.8+43.9 HU).
Also, some studies involved the measurement of the
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T4 vertebra, whose expected BMD is higher than that of
the middle or lower group of thoracic vertebrae. Only four
studies excluded fractured vertebrae from the measure-
ment, while this information was not provided in the other
studies. The BMD of fractured vertebrae is higher, so this
could have affected the average BMD values of COPD pa-
tients (25). Standard locations of BMD measurements with
DXA include vertebral bodies L1 to L4, femoral neck, or to-
tal hip measurement (23). Less often they include the fore-
arm or total body (23). The majority of the included stud-
ies measured BMD at the thoracic vertebrae in addition to
the L1 vertebra, but some measured it only at the thoracic
vertebrae. The thoracic spine can be divided into three re-
gions: upper (T1-T4), middle (T5-T8), and caudal region (T9-
T12). The BMD of the caudal region is closest to the BMD
of the L1 vertebra measured by DXA, not only anatomically
but also biomechanically (26). Therefore, measuring BMD
at the specified level can be a good indicator of systemic
bone health and fracture risk (27). The BMD of the thoracic
spine must be interpreted with caution because it is often
affected by spondylodegenerative changes, fractures, or
scoliosis (28). Consequently, current DXA studies suggest
that BMD measurements can provide additional informa-
tion for assessing osteoporosis, but they cannot serve for
diagnostic purposes (29).

Although the main determinant of BMD is age, sex, and
BMI are shown to have an impact (4). The majority of pa-
tients in our review were men (64% to 100%), so we were
unable to observe the influence of sex on BMD. Similar-
ly, most of the included patients were in the normal BMI
range or slightly overweight, which prevented us from de-
termining the impact of BMI on the BMD value.

Some studies showed the impact of COPD severity, ex-
pressed in GOLD stage, on average BMD (11,15,17,30).
Based on the values of FEV % predicted, the patients in-
cluded in our study were either GOLD 2 or GOLD 3 cat-
egory. Although we did not observe that GOLD 3 patients
had lower BMD than GOLD 2 patients, it has to be taken
into account that the included studies differed in terms of
BMD measurement locations and other parameters that
impact BMD. Romme at al also concluded that sex, race, or
the method of emphysema and BMD quantification might
have contributed to the lower correlation coefficients be-
tween FEV1, FEV1/FVC, and BMD observed in their study in
comparison with other studies (11).

The use of corticosteroid therapy has been proven to af-
fect the BMD value, more precisely the development of os-
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teoporosis (31). A review paper (5) revealed that although
several studies showed the influence of systemic corticos-
teroid therapy on BMD in COPD patients, these studies in-
cluded a small number of COPD patients on systemic corti-
costeroid therapy. In COPD patients, however, the possible
influence of inhaled corticosteroids (ICS) on BMD is more
important. Some studies indicated that ICS was associated
with a modest but significant fracture risk, and was dose-
dependent (32). In the studies included in our review, most
of the patients did not take corticosteroid therapy or this
information was not specified. Although in the study by
Romme et al the majority of patients did take corticoster-
oid therapy (73%), the study obtained the highest average
BMD values (164.9+49.5 HU), possibly due to the large
number of patients, the inclusion of the T4 vertebra in the
measurement, and the lack of information on the cumula-
tive dose and the duration of therapy (11). Although sev-
eral studies have suggested a connection between the
emphysematous type of COPD and reduced bone density,
the value of LAA% was available in only four studies and
it ranged from 11.7+12.3 to 32.6 (24.9-39.2). The studies
did not note a difference in BMD in patients with higher
LAA% values, probably due to heterogeneous other pa-
rameters that affect BMD, as was the case with sex and BMI.
Finally, one of the important factors that affect BMD is an-
ti-osteoporotic therapy (5,14,19). Unfortunately, only one
study reported the number of patients using therapy for
osteoporosis (14). To summarize, the average BMD value of
the patients in the studies from which we were able to ex-
tract this type of data entered the category of osteopenia
or even osteoporosis (33,34), which is in accordance with
their average age, regardless of the COPD status.

There are several limitations to our study, the most impor-
tant one being the relatively small number of total studies
included. Six studies were cross-sectional, while other six
were cohort studies with a follow-up period of no longer
than 10 years. Furthermore, the included studies, although
containing important data, were heterogeneous mostly
regarding the study population, so we were unable to ex-
tract all relevant data for COPD patients to perform statisti-
cal analysis.

In conclusion, although in several studies COPD was asso-
ciated with a decrease in BMD, other studies found that
COPD, especially in its milder forms, was not strongly asso-
ciated with osteopenia or osteoporosis of the thoracic and
lumbar spine. Osteoporosis leads to bone fractures, and
thoracic vertebral fractures can worsen already damaged
lung functions in COPD patients. Estimation of bone tra-
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becular density of the thoracic spine on standard chest CT
scans requested for COPD evaluation allows deeper insight
into bone health and potential estimation of fracture risk.
This review presents current evidence on the relationship
between BMD and COPD, but it also reveals gaps in the
knowledge on the possible effect of disease severity and
corticosteroid therapy on BMD in COPD patients.
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