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ABSTRACT: The occurrence of osteoporotic fractures may seriously compromise
the quality of life of lung transplant recipients. However, at present, the true risk
of osteoporosis in such patients is unknown. We therefore prospectively evaluat-
ed bone mass changes in patients undergoing pulmonary transplantation.

Bone mineral density (BMD) of lumbar spine (LS), femoral neck (FN) and
femoral shaft (FS), as well as whole body bone mineral content (WB-BMC) were
measured in 21 consecutive candidates for lung transplantation (9 males and 12
females; mean±SD age 47±11 yrs). Twelve of the patients had their BMD remea-
sured within 6 months after surgery, and nine again after 1 year.

Before transplantation, BMD at all sites as well as WB-BMC were significant-
ly decreased as compared to the values in young healthy adults, FN being the
most affected (FN -25±2%; LS, -12±4%; FS -9±2%, WB-BMC -15±4% (mean±SEM)).
Seven out of 20 adult patients (35%) fulfilled World Health Organization (WHO)
criteria for osteoporosis, i.e. BMD more than 2.5 SD below peak bone mass, where-
as three had previously been diagnosed as having osteoporotic fractures of the
spine or femoral neck. Within 6 months after transplantation, significant bone
loss occurred, mostly at the LS level (-4.0±1.7%; p=0.04), despite calcium and vit-
amin D supplementation. Furthermore, two patients had new osteoporotic verte-
bral fractures. After 1 year, no further bone loss or new osteoporotic fractures
were observed.

In conclusion, evaluation of bone mass and prevention of bone loss should be
considered early before lung transplantation. Further studies are needed to deter-
mine the efficacy of antiresorptive drugs on the prevention of accelerated bone
loss and vertebral fractures after transplantation.
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Organ transplantation has become the ultimate treat-
ment for numbers of patients with terminal failure of
kidney, bone marrow, liver, heart, pancreas and, more
recently, lung function. Whereas progress in surgery,
anaesthesiology, and immunosuppressive therapy has
brought about a marked decline in early post-trans-
plantation mortality, quality of life has emerged as a
major outcome to evaluate the utility of lung trans-
plantation [1]. Notably, bodily pain has been found to
be an important limiting factor of the quality of life in
lung-graft recipients [1].

Rapid bone loss and subsequent osteoporotic frac-
tures have been shown to occur after heart, liver or kid-
ney transplantation [2–6]. Patients with chronic lung
disease appear to be at high risk of low bone mass
because of limited physical activity, poor nutritional
status, cigarette smoking and chronic use of cortico-
steroids [7]. Moreover, lung transplantation may require
prolonged immobilization after surgery as well as high
doses of corticosteroids to control acute rejection epis-
odes, adding a risk of further bone loss. For these rea-
sons, lung transplant recipients at our institution were

supplemented from the time of surgery with calcium and
vitamin D, a well-established preventive therapy against
steroid-induced osteoporosis [8]. However, the actual
risk of osteoporosis in patients undergoing pulmonary
transplantation has not yet been properly investigated.

This is the first prospective evaluation of osteopo-
rosis in candidates for lung transplantation, as well as
of the early changes of bone mass occurring at the lum-
bar spine, femoral neck, femoral shaft and total body in
lung transplant recipients.

Methods

Study subjects

Between December 1992 and September 1995, we
evaluated 21 consecutive patients with end-stage res-
piratory failure for lung transplantation, of whom 14
were then transplanted during this period. One died 3
months after surgery and two others 9 months after
surgery. The immunosuppressive regimen included one
peroperative pulse of methylprednisolone (500 mg),



followed by the administration of antilymphocytic anti-
bodies (ATGAM®; Upjohn; 15 mg·kg-1 q.d.) for 1 week.
Maintenance therapy included oral prednisone (0.2
mg·kg-1 q.d. for 1 week, 0.5 mg·kg-1 q.d. for 3 months,
and then progressive lowering to 0.2 mg·kg-1 q.d. at 5
months), azathioprine (50–100 mg q.d.) and cyclosporin
(blood trough levels, 200–400 ng·mL-1). Acute rejec-
tion episodes were treated with 0.5–1 g q.d. of intra-
venous methylprednisolone for three consecutive days,
followed by an increase of usual immunosuppressive
drugs. In the absence of a satisfactory response, patients
were then treated with antithymocyte globulin injections.

Study design

Bone mass was first measured in the 21 candidates
for lung transplantation during their pretransplantation
examination. It was remeasured at the time of transpla-
ntation when the examination had been performed more
than 6 months before surgery. Bone mass was then re-
evaluated within 3–6 months after surgery in 12 pati-
ents, and again at 1 year in nine patients. Antiosteoporosis
preventive therapy was prescribed to all patients from
the time of transplantation as an oral supplementation
of calcium (1 g q.d.) and vitamin D (1,000 I.U. q.d.) [8].
One amenorrhoeic woman also received hormone replace-
ment therapy (HRT) (2 mg q.d. oestradiol, 1 mg q.d.
oestriol, and 1 mg q.d. norethisterone acetate). After 3–6
months, HRT or sodium monofluorophosphate (26 mg
fluoride ion q.d.) were prescribed to five patients with
significant bone loss and/or new osteoporotic fractures.

Bone mass measurement

Bone mineral density (BMD g·cm-2) of lumbar spine
(LS), femoral neck (FN) and femoral shaft (FS), as well

as whole body bone mineral content (WB-BMC; nor-
malized for body height, g·m-1×1.70), were measured
by dual energy X-ray absorptiometry (DXA), (Hologic
QDR 1000W and QDR 2000). The coefficient of vari-
ation of DXA was 1–2% or less for regional BMD as
well as for WB-BMC measurements [9, 10]. Bone mass
values at baseline were expressed as percentages of
peak bone masses in sex-matched young healthy adults,
which were: LS BMD 1.07±0.10 and 1.06±0.13 g·cm-2;
FN BMD 0.90±0.11 and 0.96±0.15 g·cm-2; FS BMD
1.73±0.17 and 2.02±0.13 g·cm-2; WB BMC, 2259±248
and 2573±327 g·m-1 ×1.70 (mean±SD), in females and
males, respectively [9, 10]. Bone mass changes during
follow-up were expressed as percentage difference from
baseline.

New vertebral fractures were diagnosed when clini-
cal symptoms compatible with the diagnosis were pre-
sent together with decreased vertebral body height (≥20%)
on conventional X-rays and/or with evidence of verteb-
ral fracture and oedema on magnetic resonance imagery.

Analysis

The statistical significance of the results was assess-
ed by two-tailed Student's t-test or Pearson correlation co-
efficient of simple linear regression. A p-value of less
than 0.05 was considered significant.

Results

The mean±SD age of 21 candidates to lung transplan-
tation (9 males and 12 females) was 47±11 yrs (range
32–65 yrs) (table 1). The most frequent causes for ter-
minal respiratory failure included: chronic obstructive
pulmonary disease (COPD), in 13 patients; idiopathic
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Table 1.  –  Patients characteristics

Patient Sex Age Diagnosis OP risk factors Anti-OP treatment BMI
No. yrs kg·m-2

1 M 43 COPD Steroids, smoking - 18.7
2 M 65 IPF Steroids - 16.8
3 M 46 COPD Smoking - 19.8
4 M 55 COPD Smoking - 24.5
5 F 11 CF Growth retardation - 13.4
6 M 32 CF - Ca + vit D 19.6
7 F 38 COPD Steroids, smoking Ca + vit D 15.1
8 F 47 COPD Steroids, smoking, menopause - 20.9
9 F 43 CF Steroids - 15.4

10 M 49 IPF Steroids, smoking Ca + vit D + fluoride 26.2
11 F 50 IPF Steroids, menopause Ca + vit D 28.3
12 F 45 COPD - Ca 19.5
13 F 55 COPD Steroids, smoking, menopause HRT 29.0
14 M 56 COPD Steroids, smoking, OP VF - 23.9
15 M 51 COPD Steroids, smoking, OP VF - 25.1
16 M 47 COPD Steroids, smoking Ca + vit D 31.3
17 F 48 COPD Smoking, menopause HRT 18.7
18 F 54 COPD Smoking, menopause HRT 19.8
19 F 49 COPD Steroids, smoking, OP FNF Ca + vit D 27.1
20 F 40 LLM Smoking, amenorrhoea Progestagens 17.0
21 F 56 PPHT - - 20.3

M: male; F: female; OP: osteoporosis; BMI: body mass index; COPD: chronic obstructive pulmonary disease; CF: cystic fibro-
sis; IPF: idiopathic pulmonary fibrosis; PPHT: primary pulmonary hypertension; LLM: lymphangioleiomyomatosis; VF: verte-
bral fracture; FNF: femoral neck fracture; Ca + vit D: calcium and vitamin D supplements; HRT: hormone replacement therapy
with oestroprogestagens.



pulmonary fibrosis (IPF), in 3 patients; and cystic fibro-
sis (CF), in 2 patients. Other common risk factors for
osteoporosis were: cigarette smoking (14 patients); chron-
ic corticosteroid treatment (12 patients); and menopause
or amenorrhoea (6 patients). Nine patients were receiv-
ing antiosteoporosis therapy with calcium and vitamin
D or oestroprogestagens, because of chronic corticos-
teroid treatment, menopause or established osteoporo-
sis.

Among the 20 adult patients, FN BMD and LS BMD,
as well as WB-BMC, were markedly decreased as com-
pared to the peak bone mass in healthy young adults
(-25±2% (p=0.0001); -12±4% (p=0.003); and -15±4%
(p=0.002), respectively (mean±SEM), whereas FS BMD
was less affected (-9±2%; p=0.001) (fig. 1). Overall, 60%
of the candidates for lung transplantation had regional
BMD more than 2.0 SD below peak bone mass. Seven
out of 20 adult subjects (35%) met WHO criteria for
osteoporosis, i.e. BMD more than 2.5 SD below peak bone
mass [11], and three had previously sustained osteopo-
rotic fractures of the spine or proximal femur. In addi-
tion, we also investigated an 11 year old female with
CF, who is not included in the above analysis, and who
was found to have a 2 year delay in statural growth and
bone age. FN BMD and LS BMD were both 18% lower
than in age-matched controls.

LS BMD appeared somewhat lower in male than
female adults (-18±4 vs 8±5%, respectively; p=0.15).
No such trend was found for bone mass measurements
at the other sites. However, there was a nonsignificant
trend for lower LS BMD and FN BMD among women
with menopause or amenorrhoea as compared to women
with regular menses (LS -12±4 vs -1±10%; FN -28±3 vs
-19±5%). By contrast, there was no apparent BMD dif-
ference according to corticosteroids use, smoking status
or antiosteoporosis therapy, nor was body mass index
(BMI) correlated with bone mass at any site (data not
shown).

Twelve out of 14 lung transplant recipients (7 males
and 5 females) had a second measurement of regional
BMD and WB-BMC 3–6 months after surgery (mean±SD,

4.5±1.6 months). Bone loss was detected in eight of
them at the level of the LS and in seven at the FN (fig.
2). As compared to baseline, mean bone mass was sig-
nificantly decreased at the LS level (-4.0±1.7%; p<0.05),
but not at the other skeletal sites (table 2). Changes in
BMD were similar in both sexes, and did not correlate
with BMD at baseline (data not shown). By contrast,
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Fig. 1.  –  Bone mineral density of lumbar spine (LS BMD), femoral
neck (FN BMD), femoral shaft (FS BMD), and whole body bone min-
eral content (WB-BMC) in 20 adults candidates for lung transplan-
tation. The results, expressed as percentage differences (±SEM) from
peak bone mass in sex-matched young healthy adults [9, 10], are sta-
tistically significant at all sites (p<0.01).

15

10

5

0

-5

-10

-15

(No. 10)

(No. 14)

FN
BM

D
ch

an
ge

s 
 %

 b
as

el
in

e
LS

BM
D

ch
an

ge
s 

 %
 b

as
el

in
e

Time since transplantation  months

15

10

5

0

-5

-10

-15
0 10 15 20 255

Fig. 2.  –  Individual changes in bone mineral density (BMD) of: a)
lumbar spine (LS); and b) femoral neck (FN) after lung transplanta-
tion in 12 patients. Results are expressed as percentage difference
from baseline. The broken lines indicate LS measurements made in
two patients (patient number in parenthesis) after the occurrence of
oesteoporotic fractures (arrows) in the area of interest.

a)

b)

Table 2.  –  Mean bone mass changes after lung trans-
plantation

Bone mass  % baseline
≤6 months 1 year

Lumbar spine -4.0±1.7* -2.1±2.3
Femoral neck -0.8±2.0 +1.0±1.9
Femoral shaft -1.0±0.8 -1.1±0.4
Whole body -0.5±0.7 +2.3±1.5

Values are presented as mean±SEM: Twelve patients had their
bone mass assessed ≤6 months after transplantation and nine
after 1 year. One LS BMD measurement at ≤6 months and 2
at one year were withdrawn because of osteoporotic fractures
in the region of measurement. LS: lumbar spine; BMD bone
mineral density. *: p<0.05, as compared to baseline.



a correlation of borderline significance was observed
between LS bone loss and the cumulative dose of cor-
ticosteroids administered during this period (r=0.56;
p=0.09). This correlation became highly significant after
one patient receiving HRT at that time was removed
(r=0.86; p=0.003).

Two male patients had multiple osteoporotic verte-
bral fractures and another male had a traumatic frac-
ture of the pelvis during this period. In the two former,
LS BMD before transplantation was 15% lower than
peak bone mass, and one of them had a rapid bone loss
of 8% documented shortly before the vertebral frac-
tures occurred (fig. 2).

In the nine patients (5 males and 4 females) who could
be re-evaluated 1 year after transplantation, no signifi-
cant bone loss was observed as compared to their ear-
lier measurements (fig. 2 and table 2). On the contrary,
there was a trend for increased regional BMD and WB-
BMC in these patients. Importantly, at that time, three
females had been receiving oestrogens and two males
sodium monofluorophosphate for 7.2±1.5 months, in
addition to calcium and vitamin D.

Discussion

This study demonstrates a high prevalence of osteo-
porosis (35%, according to WHO criteria), as well as
several cases of previous osteoporotic fractures, in can-
didates for lung transplantation. Similar observations
have been reported previously in candidates for heart
or liver transplantation [2, 3]. Although none of the mul-
tiple well-established risk factors for osteoporosis which
were present in our cohort, such as prior smoking, low
BMI, amenorrhoea and chronic corticosteroid therapy,
could be associated with a significantly decreased BMD
(possibly due to a limited number of patients), they pro-
bably contributed altogether to an increased risk for
osteoporosis [7]. Interestingly, the lowest BMD values
were measured in males and amenorrhoeic/postmeno-
pausal women, which is compatible with a major protec-
tive role of oestrogens against bone loss. By contrast,
less than half the patients were receiving osteoporosis
preventive therapy before transplantation. These obser-
vations emphasize the need for an early evaluation of
bone status and the administration of anti-osteoporosis
preventive therapy in all candidates for pulmonary trans-
plantation, and possibly in the majority of patients with
chronic respiratory failure.

According to the widely-accepted recommendations
concerning antiosteoporosis preventive therapy with
calcium and vitamin D in patients undergoing long-
term corticosteroid treatment [8], all of the lung trans-
plant recipients in this study received such supplements
from the time of surgery. Nevertheless, rapid bone loss
occurred within 6 months after transplantation, mainly
affecting the lumbar spine, a site rich in trabecular bone.
Postsurgical immobilization and immunosuppressive
therapy, including high-dose pulse corticosteroids used
to treat early rejection episodes, are likely to have con-
tributed to this evolution. Indeed, a significant correla-
tion between the rate of LS bone loss and the cumulative
dose of corticosteroids was observed in all patients, with
the exception of one on HRT. Meanwhile, osteoporotic

vertebral fractures were documented in two male patients.
In one of these, fractures occurred as he resumed intense
physical activity, which was made possible by excellent
lung graft function. At the present time, only one case
of multiple vertebral fractures appearing shortly after
lung transplantation has been reported [12]. The conse-
quences of vertebral fractures in lung graft recipients
are still unknown. However, thoracic vertebral fractures
may cause bone pain and lead to chest wall deformi-
ties, thereby compromising lung graft function. Thus,
osteoporosis might severely impair the quality of life in
lung transplant recipients [1].

Interestingly, early bone loss was not detectable in a
woman on oestrogen replacement therapy given imme-
diately after transplantation, despite the administration
of a large cumulative dose of corticosteroids (9,900 mg
prednisone equivalent). This observation further sug-
gests that oestrogens, which are an effective treatment
against glucocorticoid-induced osteoporosis [13], must
be considered as a first-line preventive therapy in amen-
orrhoeic patients undergoing lung transplantation. Alter-
natively, bisphosphonates, which have also been shown
to prevent bone loss in patients on long-term steroid treat-
ment [14], need to be investigated in this setting.

Between 6 months and 1 year after transplantation,
bone mass was apparently stable, or even improved, at
all sites. Notably, three women were receiving HRT dur-
ing that period, whereas two men were on monofluo-
rophosphate [15]. Although these treatments are likely
to have contributed to the favourable outcome of the
group, it may be postulated that lung transplantation by
itself corrected many risk factors for osteoporosis, includ-
ing poor oxygenation, diminished exercise capacity and
low BMI. Under these conditions, it appears most impor-
tant to prevent early bone loss in lung transplant recip-
ients, in order to decrease the incidence of osteoporotic
fractures occurring soon after surgery.

In conclusion, osteoporosis was frequently diagno-
sed among candidates to lung transplantation, and the
risk of skeletal damage was high shortly after surgery.
Therefore, early evaluation of bone mass and efficient
prevention of bone loss should be considered in all
patients undergoing lung transplantation.
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