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Cystic fibrosis (CF) is the most common genetic disease within
the Caucasian population and leads to premature respiratory
failure. Approximately 60,000 individuals are currently living
with CF in North America and Europe, 40% of whom are adults.
The life span of these patients has increased from approximately
2 to 32 yr of age over the last three decades. Bone disease has
emerged as a common complication in long-term survivors of
CF. Some studies have observed that 50–75% of adults have low
bone density and increased rates of fractures. Prevention and
treatment of CF-related bone disease must address the myriad
risk factors (decreased absorption of fat-soluble vitamins due to

pancreatic insufficiency, altered sex hormone production,
chronic lung infection with increased levels of bone-active cy-
tokines, physical inactivity, and glucocorticoid therapy) for
poor bone health. This review is a condensed and updated sum-
mary of the Guide to Bone Health and Disease in Cystic Fibrosis:
A Consensus Conference, a statement that evolved from a meet-
ing convened by the Cystic Fibrosis Foundation in May 2002 to
address the pathogenesis, diagnosis, and treatment of bone dis-
ease in CF. The goal of this conference was to develop practice
guidelines for optimizing bone health in patients with CF.
(J Clin Endocrinol Metab 90: 1888–1896, 2005)

BONE DISEASE IN individuals with cystic fibrosis (CF) was
first described in 1979. Low bone density and increased

fracture rates are now recognized complications of this auto-
somal recessive disease that is the leading genetic cause of early
respiratory failure in the United States and Europe (1). The
fundamental gene defect in this disease leads to a mutation in
the CF transmembrane conductance regulator (CFTR) protein,
which is a chloride channel found in epithelial tissues in the
lungs, pancreas, gastrointestinal tract, and skin. CFTR modu-
lates the transport of salt and water across these epithelia, and
mutations in CFTR lead to changes in the viscosity and hydra-
tion of epithelial lining fluids, leading to alterations in host
defense in the respiratory tract and, ultimately, chronic, pro-
gressive infection with Pseudomonas aeruginosa, Staphylococcus

aureus, and/or other pathogens. CFTR mutations may also lead
to pancreatic duct obstruction and pancreatic insufficiency
(prevalence, �80%; exocrine �� endocrine), biliary obstruction
and cirrhosis (prevalence, �5%), and distal intestinal obstruc-
tion syndrome (prevalence, �5%).

Changes in the clinical management of these patients, in-
cluding nutritional supplementation, physical therapy, and
medication regimens, have increased the life expectancy of
patients with CF from the single digits in the 1960s to 32 yr
in 2002. Approximately one in 2500 children in the Caucasian
population are born with CF each year in the United States;
40% are currently adults. The origin of the bone disease in CF
appears to be multifactorial (Fig. 1). Important contributing
factors include malabsorption of vitamin D, poor nutritional
status, physical inactivity, glucocorticoid therapy, and de-
layed pubertal maturation or early hypogonadism. Addi-
tionally, chronic pulmonary inflammation increases serum
cytokine levels, which, in turn, probably stimulates increased
bone resorption and decreased bone formation. Decreased
quantity and quality of bone mineral resulting from these
factors can lead to pathological fractures and kyphosis de-
cades earlier than expected. Severe bone disease can lead to
exclusion from lung transplantation, often a life-saving op-
eration for individuals with CF. Prevention, early recogni-
tion, and treatment are the most effective strategies for sus-
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taining bone health to help maintain the quality of life of
many individuals with CF.

Description and Pathophysiology
of Bone Disease in CF

Clinical correlates of low bone mass

Two studies in 1979 independently reported a decrease in
bone mineral content in individuals with CF compared with
age-matched controls (2, 3). Since then, more than 50 reports
have observed low bone mass and fractures in individuals
with CF. Low bone mineral density (BMD) is commonplace
in both postpubertal children and adults with CF, although
adults tend to be more affected. Cross-sectional surveys of
adults have found that 20–34% of adults with CF have stan-
dard z-scores (age-adjusted sd scores) below �2, whereas
10% have T-scores (sd scores compared with young adults)
less than �2.5 (4–22). The prevalence of BMD below �1 sd
is as high as 85% in some adult CF studies (5). BMD data must
be interpreted with care, because small bone size and de-
layed skeletal maturation will contribute to artifactually
lower BMD z-scores. Corrections can be made for bone age
or bone size using bone mineral apparent density, but some
additional error will be introduced by the methods used to
assess bone size with dual energy x-ray absorptiometry. In
some (7, 13, 19), but not all (20–24), studies, low bone mass
persisted after adjusting for these factors. Some of the dif-
ference in these studies could be explained by the patients’
ages, with children having better volumetric bone density
than adults.

The prevalence of bone disease appears to increase with
the severity of lung disease and malnutrition. Younger and
healthier individuals may have normal BMD (21–25), sug-
gesting that the bone disease is not intrinsically related to the
CFTR mutation, but occurs as patients get older because of
the contributing factors mentioned above. Several studies
have demonstrated a positive correlation between BMD T- or
z-scores and FEV1 (forced expiratory volume in 1 sec) and
body mass index (BMI) (4–7). Patients with severe pulmo-
nary disease (FEV1 � 30%) often have severe bone disease
with a high rate of kyphosis and fractures of long bones,

vertebrae, and ribs (5, 9). Mean BMD z- and T-scores in these
patients average �2.0 at the spine and femur, and more than
90% are more than 1 sd below the expected value (5, 9, 10).
Unfortunately, concerns regarding bone fragility can be used
to exclude patients from lung transplantation.

Bone histomorphometry in CF

Studies of bone histomorphometry in clinically stable
adults with CF and low BMD demonstrate significantly re-
duced cancellous bone volume and a trend toward decreased
connectivity (25). Indexes of bone formation rates were also
significantly reduced. Wall width, the amount of bone
formed within individual remodeling units, was decreased
by 50%, as was mineralizing perimeter. The mineral appo-
sition rate was 10% below the expected value. Analysis of
resorption cavities revealed a smaller cavity area, recon-
structed surface lengths, and cavity depths in the CF cohort,
whereas eroded surface area was significantly higher. These
results demonstrate that the main cause of low cancellous
bone volume appears to be low bone formation at tissue and
cellular levels. Although there was evidence of a mineral-
ization deficit in the CF group as a whole, only one biopsy
revealed osteomalacia by strict histomorphometric criteria.

A separate study of autopsy bone samples from a mixture
of transplanted and nontransplanted individuals with CF
demonstrated severe osteopenia in both trabecular and cor-
tical bone (26). At the cellular level, there was decreased
osteoblastic and increased osteoclastic activity. The reduc-
tion in osteoblastic activity was due to decreases in both
osteoblast number and the biosynthetic potential of these
cells. Osteoclast activity was increased primarily through
increased osteoclast numbers. The increase in osteoclasis and
the uncoupling of osteoblastic and osteoclastic activity re-
sulted in a net increase in resorptive surfaces. Both cortical
and trabecular bone mass tended to be lower after trans-
plantation; the majority of these patients had received high
doses of glucocorticoids to prevent rejection. None of the CF
biopsies showed osteoid parameters characteristic of osteo-
malacia from vitamin D deficiency.

The pathogenesis of low BMD in individuals with CF
remains uncertain despite the available data from histomor-
phometry, biochemical bone markers, and observations
about the clinical course of bone disease. For this reason, the
consensus panel chose to use the term CF bone disease rather
than osteoporosis to avoid promulgating a diagnostic label
that may ultimately prove to be inaccurate as the underlying
pathophysiology is better defined.

Bone accrual and loss in CF

The foundation for lifetime bone health is established dur-
ing infancy, childhood, and adolescence and requires ade-
quate nutrition, body mass, physical activity, and hormone
production (27). Puberty is a particularly critical period,
when growth and mineral accrual are most rapid (28). These
expected gains may be compromised in individuals with CF,
who often suffer from delayed puberty and reduced pubertal
growth. One longitudinal study of pubertal children with CF
reported that inadequate bone mineral accrual resulted in
lower than expected areal BMD and volumetric BMD (bone

FIG. 1. Pathogenesis of bone disease in CF.
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mineral apparent density) (19). However, another small
study observed normal z-scores in prepubertal CF children
who had normal lung function and BMI, suggesting that
normal BMD can be achieved in healthier patients with CF
(29). A more recent and larger study confirmed this finding
by demonstrating normal spine, femur, total body, and wrist
BMD in 40 children (aged 5–10 yr) with CF, but significantly
reduced total body and distal wrist (but not spine or femur)
BMD in 55 adolescents (aged 11–20 yr) with CF (30). These
results should be considered in light of the fact that there are
limited normative BMD data during the first decade of life.
To date, longitudinal data on growth and bone mineral ac-
crual on children and adolescents with CF are limited and
worthy of additional study. Taken together, these studies
suggest that bone disease finds its origins in individuals with
CF near or during the pubertal growth spurt.

The majority of reports of low BMD in CF have included
adult patients. Each of the more than 25 published reports to
date has found a high prevalence of osteopenia and osteo-
porosis regardless of state or country of origin. Data from the
adult and pediatric studies suggest that low BMD results
from inadequate bone acquisition during puberty. Subse-
quent bone loss has also been observed in several longitu-
dinal studies in young adults with CF. Haworth et al. (31)
reported mean annualized losses in BMD of 0.5, 2.1, and 1.8%
at the lumbar spine, femoral neck, and total hip, respectively,
in a cohort of 114 patients aged 15–49 yr (mean age, 25 yr).
Aris et al. (32) found annualized losses of similar magnitude
(1.8% at the spine and 0.7% at the hip) in a slightly older
cohort (mean age, 27 yr). These rates approach those expe-
rienced by women after menopause.

Bone turnover in CF

Studies of biochemical markers of bone turnover suggest
an imbalance, with bone resorption exceeding formation,
even in CF patients who are clinically stable. Accelerated
bone resorption was first reported by Grey et al. (14), who
found high urinary hydroxyproline levels, and this was later
confirmed by a number of different groups using urinary
carboxyl-terminal propeptide of type I procollagen, N-
telopeptides (NTx), and deoxypyridinoline (7, 33, 34). Serum
osteocalcin levels were significantly lower in both pubertal
children and young adults. Other bone formation markers
have been more variable, with some studies showing lower
levels and others higher ones (7, 33–36). Bone-specific alka-
line phosphatase levels were associated with total alkaline
phosphatase levels in one study and therefore may be a less
specific formation marker in CF, because biliary obstruction
may raise liver alkaline phosphatase levels, which may cross-
react with bone-specific alkaline phosphatase (34). A recent
isotope study of calcium kinetics directly measured rates of
bone calcium deposition in a group of 22 clinically stable girls
with CF (36). Average rates of bone calcium deposition were
lower than those typically reported among healthy children
consuming comparable calcium intakes and were inversely
associated with serum osteocalcin and leptin concentrations.
Thus, a reduction in the rate of bone calcium deposition may
contribute to the reduced bone mass.

Pathogenesis of bone disease in CF

Pancreatic exocrine insufficiency and malabsorption. Optimal nu-
trient intake is required to maintain adequate body weight
and bone mass. Malnutrition is common in CF, because pan-
creatic insufficiency results in malabsorption (even with pan-
creatic enzyme supplementation). Malabsorption is com-
pounded by increased catabolism due to chronic lung
infection. Low BMI is a risk factor for increased disease
severity and other complications related to CF. Many studies
have observed a correlation between poor nutrition (reduced
BMI) and low BMD in CF (2, 4, 7, 11). Low BMD also occurs
among the 10% of CF patients with pancreatic sufficiency,
indicating a role for chronic infection or other factors in
causing poor bone health. Regardless, maintenance of an
optimal BMI is a key treatment, particularly through the
pubertal growth spurt.

Despite conflicting data on the absorption and the excre-
tion of nutrients related to bone health (37), there is a growing
consensus that the absorption of vitamins D and K and cal-
cium is inadequate to meet the needs of individuals with CF.

Unequivocal evidence from more than 20 reports indicates
that vitamin D insufficiency [low or low-normal 25-
hydroxyvitamin D (25OHD) levels] is common among in-
dividuals with CF regardless of season or latitude (38).
Frankly low [�10 ng/ml (25 nmol/liter)] serum 25OHD
concentrations are observed in 5–10%. The majority of adults
with CF have levels in the lower half of the normal range,
with a mean near 20 ng/ml. In end-stage CF, frank vitamin
D deficiency is more common and may occur in 25–33% of
patients (5, 39). Some reports have, and others have not,
found an association between serum 25OHD levels and BMD
in CF, but the failure to find an association is not unexpected,
because BMD reflects bone health over the lifetime of the
patient, and current vitamin D concentrations may fluctuate
from season to season.

The cause of vitamin D insufficiency in CF has not been
adequately studied. Lark et al. (40) reported that adults with
CF absorbed 50% less of a test dose of oral vitamin D2

(100,000 IU or 6.5 mmol) than did controls. Absorption varied
greatly, with 20% of the individuals with CF having virtually
undetectable vitamin D2 levels (by HPLC) 0–36 h after treat-
ment. Serum 25OHD concentrations did not rise in response
to vitamin D2 in the CF group compared with a mean dou-
bling of the 25OHD level in the controls. Little is known
about the activity of the 25-hydroxylase enzyme in CF. We
speculate that both D2 and 25OHD undergo enterohepatic
recirculation and may be subject to additional malabsorp-
tion. Other possibilities for low 25OHD levels could be al-
tered concentration or activity of the 25-hydroxylase enzyme
or higher metabolic clearance rates of vitamin D or 25OHD.
Although hepatocyte function is usually normal in CF pa-
tients without cirrhosis, biliary disease is common, and bile
salts may inactivate the 25-hydroxylase. CF patients are also
well known for having increased oxidant and P450 activity,
which could lead to more rapid degradation of existing or
newly formed 25OHD. Similarly, the kinetics of the conver-
sion of 25OHD to 1,25-dihydroxyvitamin D in this disorder
have not been defined. 1,25-Dihydroxyvitamin D levels in CF
are usually similar to those in healthy individuals, raising the
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possibility that elevations in PTH, reported in some, but not
all, studies, enhance 1�-hydroxylation despite low levels of
substrate (20, 34). Reduced absorption of vitamin D and
conversion of vitamin D to its active form are likely to con-
tribute to CF-related bone disease.

Other factors that probably contribute to vitamin D insuf-
ficiency in CF include reduced sunlight exposure and re-
duced fat mass. Some patients with CF have limited sunlight
exposure because of illness or concern of photosensitivity
from antibiotic therapy. Exposure to sunlight is helpful, but
additional vitamin D supplementation or exposure to
man-made ultraviolet B radiation may be needed during the
winter months. Most adults have low body fat, which may
diminish vitamin D reserves. In summary, vitamin D insuf-
ficiency may develop for a variety of reasons in patients with
CF. Although this nutritional problem does not appear to be
sufficient to explain low bone mass, it is probably one of
myriad contributing factors to CF-related bone disease.

A growing body of clinical information outside of CF
suggests that vitamin K may play a role in bone health. Even
with routine supplementation, 40% of individuals with CF
remain vitamin K deficient (41). Many individuals with CF
have reduced �-carboxylated osteocalcin, which may de-
crease the binding of the calcium ion of the hydroxyapatite
molecule in bone (36, 42).

Pancreatic endocrine insufficiency. Diabetes mellitus has been
associated with reduced trabecular and cortical bone mass in
cohorts without CF (43). Diabetes develops in 10% of indi-
viduals with CF. Although CF-related diabetes may differ
from classical type I or II diabetes, the abnormalities in glu-
cose metabolism resulting from islet cell insufficiency and
chronic infection, the latter leading to peripheral insulin re-
sistance, may play a role in reduced BMD.

Physical inactivity. Individuals with CF may become inactive
due to reduced lung function and prolonged treatments for
respiratory infection. Most studies in CF found an association
between total activity or hours of weight-bearing activity and
BMD (4, 7, 11, 19, 32), similar to that in the general
population.

Delayed puberty or early gonadal failure. Sex steroid deficiency
from delayed puberty or early hypogonadism probably con-
tributes to CF-related bone disease (5, 13, 19), although ob-
servational studies to date have not found a consistent as-
sociation. Pubertal delay in CF has been recognized for over
20 yr and is related to disease status (44, 45). Delayed puberty
may retard both bone growth and the attainment of peak
bone mass. Fortunately, as the health status and survival of
individuals with CF has improved over the last four decades,
so has the frequency of normal pubertal development. None-
theless, the height of adults with CF averages 2–3 inches
shorter than that of their age-matched peers, and average
weight falls into the lowest deciles (1, 5). Sex hormones are
reduced in adolescents with CF compared with age-matched
controls, although most values are normal when corrected
for Tanner stage (46–49). Most young adults with CF even-
tually achieve normal levels of sex hormones. Estimates of
intermittent menstrual dysfunction range widely, from 28–
73% (46, 48). Low total testosterone levels have been found

in 1.5–88% of men with CF (4, 5, 7, 12, 18). Free testosterone
levels were also low in one study (4). The cause of sex steroid
deficiency appears to be hypothalamic dysfunction from
chronic illness, because gonadotropin concentrations are not
elevated, but corticosteroid therapy may play a role as well.

Because malnutrition, corticosteroid use, physical inactiv-
ity, disease severity, and hypogonadism (particularly in
males) are often present simultaneously, it is difficult to
identify the independent contribution of each of these factors
to low BMD in CF. Some studies have shown an association
between both delayed puberty and hypogonadism and a
lower BMD (4, 5, 18, 19). However, one study of teens and
adults with CF detected a high prevalence of low BMD de-
spite few abnormalities in sex hormones (12). Although de-
layed puberty and/or subsequent interruptions in sex hor-
mone production probably play a role in low BMD, the
degree to which these abnormalities affect each individual is
variable.

Chronic infection. Bone remodeling is under the influence of
systemic hormones, cytokines, and localized growth factors.
Although beyond the scope of this review, there is mounting
evidence for the causal role of inflammatory cytokines in
bone loss in a variety of diseases other than CF (50). Many
factors in the serum and respiratory tract of individuals with
CF can stimulate osteoclastic bone resorption, including
TNF�, PTH, vascular endothelial growth factor, and IL-1, -6,
and -11. Many inflammatory cytokines are found in high
concentrations in chronically infected CF lungs (sputum and
bronchoalveolar lavage) and serum. The inverse association
between the number of iv antibiotic courses and BMD pro-
vides indirect evidence of a link among inflammation, cy-
tokine production, and bone health (4). During exacerbations
of lung infection in CF, serum concentrations of IL-6, IL-1,
TNF�, and the bone resorption markers NTx and deoxypyr-
idinoline increase, while serum osteocalcin concentrations
decrease (51). These abnormalities have been shown to re-
solve almost completely when lung infection is treated with
antibiotics, chest physiotherapy, and nutrition supplemen-
tation. BMD tends to remain more stable for adults with CF
after lung transplantation than for other patient groups de-
spite immunosuppresssion and actually increases in CF
transplant recipients who experience good outcomes. These
findings suggest that the benefits for bone health of removing
suppurative lungs have a counterbalancing effect on the
adverse impact of immunosuppressants on bone.

Glucocorticoids. An estimated 20–50% of individuals with CF
are treated with exogenous glucocorticoids intermittently to
improve pulmonary function (5, 52). Inhaled glucocorticoid
use is more common than chronic oral use. Many, but not all,
studies have found glucocorticoid therapy to be a risk factor
for low bone mass in CF (4, 5, 12, 31, 38). The association
between corticosteroid use and BMD is confounded by dis-
ease severity, because sicker patients are generally selected
for steroid therapy. The adverse effects of glucocorticoids on
growing children with CF may be even more profound.
Chronic glucocorticoid therapy in children impairs linear
growth, delays puberty, and may compromise the peak bone
mass attained by early adulthood. Thus, every effort should
be made to minimize glucocorticoid use.
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Lung transplantation and immunosuppressant therapy. Approx-
imately one third of individuals with CF in the United States
undergo lung transplantation to prolong survival and im-
prove quality of life (1). Immunosuppression is mandatory
after lung transplantation and may exacerbate the preexist-
ing low BMD (5, 9, 53–55). For this reason, individuals with
CF, very low BMD, and a history of prior fractures may be
considered at high risk and excluded from transplantation on
this basis. Similar to findings in kidney, heart, and liver
transplant recipients (56), lung transplant recipients with
various diagnoses have declines of 1–5% in spine and femur
BMD during the first 6–12 months after transplant (53, 54,
57). However, these studies have included only a few CF
individuals, and it is difficult to extrapolate these findings
directly to CF. In CF, the declines that occur after transplant
may be smaller than for other groups (55). Lung transplant
recipients, in general, and those individuals with CF, in par-
ticular, appear to develop high turnover osteoporosis (58).
Most importantly, patients with lung disease other than CF
who have received lung transplants have alarmingly high
rates of fractures, ranging from 37–42% (57, 59), presumably
related to high bone turnover, reduced bone quality, or in-
creased physical activity superimposed on preexisting low
BMD.

Clinical Manifestations of Bone Disease in CF

Several cross-sectional studies have observed a higher in-
cidence of fractures in individuals with CF (4, 5, 7, 12, 39, 60).
Henderson and Specter (60) first reported that females with
CF, 6–16 yr of age, had higher fracture rates than controls or
male CF patients. Bachrach et al. (12) found 12 fractures,
including one of the femur, in nine patients in a cohort of 71
children and adults. Aris et al. (5) reported 54 fractures from
subject interviews in 70 patients with over 1410 patient-years
of analysis. Fracture rates were approximately 2-fold higher
in women with CF, aged 16–34 yr, and men with CF, aged
25–45 yr, compared with the general population (5). Chest
x-ray review demonstrated evidence of 62 vertebral com-
pression and 14 rib fractures, indicating vertebral and rib
fracture rates that were 100- and 10-fold higher than ex-
pected. Donovan et al. (39) studied 30 adults with CF and
found that vertebral fractures were present in 19% by ra-
diograph review, and 41% had a confirmed history of pre-
vious fracture. Haworth et al. (7) reported fractures in 51
adults of a cohort of 151, for an overall incidence of 34%. Elkin
et al. (4), who studied 107 CF adults, found that 17% had
evidence of vertebral deformity by radiography, mostly in
the thoracic spine, and 35% reported a history of nonverte-
bral fractures, of which 9% were rib fractures.

Erkkila et al. (61) first reported an increased prevalence of
kyphosis in individuals with CF. This report was followed by
several others (5, 60, 62, 63). Early reports surveying mainly
children and adolescents with CF demonstrated an unex-
pectedly high prevalence (9–40%) of abnormal kyphosis an-
gles, worsening kyphosis with age, and more severe kypho-
sis in females compared with males. Henderson and Specter
(60) found kyphosis angles greater than 40° in 77% of the
females and 36% of the males with CF 15 yr of age or older.
Aris et al. (5) found that the mean kyphosis angle was mark-

edly abnormal (44 � 14° by the Cobb method; 62% were
�40°) and probably contributed to a diminished stature
(mean height loss of 5.9 cm). In addition to causing pain and
debilitation, rib and vertebral fractures produce chest wall
deformities that reduce lung function (i.e. lung volumes, such
as total lung capacity and forced vital capacity), inhibit ef-
fective cough, hinder airway clearance, and, ultimately, ac-
celerate the course of CF.

Screening and Treatments for Optimal
Bone Health in CF

Recommendations for screening and treatment are shown
in Fig. 2 and discussed below.

Vitamin D supplementation

Because bone disease in CF has only recently received
attention, most therapeutic trials are either ongoing or have
been published as preliminary observations. Several studies
have assessed the efficacy of using vitamin D analogs to
improve 25OHD levels. Hanly et al. (64) demonstrated that
administration of 800 IU/d (20 �g/d or 0.052 mmol) vitamin
D, the recommended adult supplement in the CF Clinical
Practice Guidelines, was often inadequate to raise serum
25OHD concentrations. Fewer than half of the subjects with
vitamin D deficiency achieved normal serum 25OHD levels
after 4–10 wk of therapy, and only 30% had normal 25OHD
levels after 1 yr. Kelly et al. (65) reported that 95% of a treated
cohort of CF patients required 1800 IU (45 �g/d or 0.13
mmol) of ergocalciferol daily to achieve a 25OHD concen-
tration above 25 ng/ml. In another preliminary report, Boyle
et al. (66) found that even higher doses of ergocalciferol
[50,000 IU (1.25 mg or 3.25 mmol), orally, weekly, or twice
weekly for up to 4 months] failed to result in the targeted
serum 25OHD concentration of 30 ng/ml in 58 CF adults.

In preliminary results from a case-control trial with 73 CF
patients, calcifediol (0.7 �g or 1.75 nmol/kg�d) with 1 g
calcium was more beneficial in improving BMD than calcium
alone (67). Based upon annual dual energy x-ray absorpti-
ometry results, 69% of calcifediol patients experienced an
increase in BMD, whereas only 32% of the control patients
experienced increases (mean BMD increase: calcifediol, 9.3%;
calcium alone, 3.6%; P � 0.004). In a short-term study, Brown
et al. (68) reported that calcitriol [0.5 �g (1.2 nmol) by mouth
daily for 2 wk] significantly increased the fractional absorp-
tion of 45Ca and lowered PTH (P � 0.03) and urinary NTx
levels (P � 0.01) in 10 adults with CF. Thus, both calcifediol
and calcitriol may provide treatment options for individuals
with CF if the less polar forms of vitamin D are ineffective.

Additional research is needed to determine the optimal
vitamin D analog and dose. The current recommendations
from the consensus panel are to target 25OHD concentrations
of 30–60 ng/ml (75–150 nmol/liter). It is likely that each of
the available analogs (ergo- or cholecalciferol, calcifediol, or
calcitriol), when given in appropriate doses, can improve the
appropriate serum vitamin D level, measures of calcium
homeostasis, and ultimately help improve BMD. Cost and
safety favor ergocalciferol. Commercially available doses,
400-IU (10-�g or 0.026-mmol) tablet, 1000-IU (25-�g or 0.065-
mmol) tablet (or per milliliter as a liquid), 8000 IU (200 �g or
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0.52 mmol/ml as a liquid), or 50,000-IU (1.25-mg or 3.25
mmol) capsule can be found in both prescription and non-
prescription forms and provide a variety of dosing alterna-
tives. A minimum of 400 IU (10 �g or 0.026 mmol) and 800
IU (20 �g or 0.052 mmol) ergocalciferol should be taken daily
by infants and individuals older than 1 yr of age, respec-
tively. Doses up to 12,000 IU (300 �g or 0.78 mmol) for
children less than 5 yr of age and of 50,000 IU (1.25 mg or 3.25
mmol) for patients 5 yr and older may be needed weekly or
biweekly to achieve the targeted 25OHD level. If aggressive
ergocalciferol supplementation is ineffective, more polar vi-
tamin D analogs or phototherapy should be considered. A
poor response to im ergocalciferol in one trial should not
preclude other studies in this area, especially if oral supple-
mentation and phototherapy are unsuccessful or impractical,
but the availability of im preparations may be limited (69).

Calcium and vitamin K supplementation

To date, there have been no randomized controlled trials
of these supplements in CF. In the absence of data specific to
CF, calcium and vitamin K supplementation should follow
the dietary reference intakes (Fig. 2). Comprehensive assess-

ments can be performed by nutritionists affiliated with most
CF centers.

Sex steroid replacement therapy

The efficacy of short-term androgen therapy for promoting
growth and pubertal development has been assessed in 54
adolescent and young men with CF between the ages of 14
and 18 yr (45). In this cohort, 39% were below the fifth
percentile in height, and 28% had delayed puberty. Five male
adolescents were treated with testosterone supplementation
[200 mg (694 mmol) testosterone enanthate, im, every 3 wk]
in an uncontrolled, year-long intervention. Growth rates in-
creased from an entry mean of 2.2 to 7.2 cm/yr. All partic-
ipants had advancement in sexual maturation and trended
toward achieving normal serum testosterone concentrations.
Trials of estrogen replacement for females with CF and de-
layed puberty or premature menopause have not been con-
ducted. Sex steroid replacement therapy may prove to ben-
efit bone health in individuals with CF, but the complicated
nature of CF bone disease and the risk/benefit ratio for
hormone replacement therapy in any given patient makes
individualization of therapy important.

FIG. 2. Screening and treatment protocol for
bone disease in CF.
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Antiresorptive agents

Bisphosphonates have been used in several uncontrolled
observational and in three randomized controlled (RCT) tri-
als in adults with CF. Trials of these drugs in CF children
have not been conducted to date. Pamidronate (30 mg, iv,
every 3 months) was the first bisphosphonate used in adults
with CF, because it circumvented the potential problems
related to malabsorption of an oral bisphosphonate (70). In
an RCT, pamidronate resulted in significant gains in lumbar
spine (mean difference between arms, 5.8%; P � 0.001) and
total hip (mean difference, 3.0%; P � 0.05) BMD after 6
months. Unfortunately, significant adverse events occurred
with pamidronate use (71). These included moderate to se-
vere bone pain, fever, and phlebitis in almost 75% of the
patients, a number of whom required hospitalization. None
of the patients taking oral corticosteroids at the time of the
pamidronate infusion developed bone pain, suggesting that
prednisone therapy had a protective effect. Thus, a 3- to 5-d
course of prednisone may be useful before pamidronate in-
fusions. Two RCTs are underway in CF patients with the
newer iv bisphosphonate, zoledronic acid. Unpublished
comments suggest that it is effective, but it, like pamidronate,
is associated with bone pain. In one RCT in CF lung trans-
plant recipients, pamidronate (30 mg every 3 months) also
produced a robust response in BMD at the spine (�8.8 �
2.5%) and the proximal femur (�8.2 � 3.8%) after 2 yr of
therapy (57). None of the patients reported fevers or bone
pain, again suggesting a protective effect of immunosup-
pressants.

Alendronate has also shown promise for treating bone
disease in CF despite early concerns that pancreatic insuffi-
ciency would limit absorption (32). A single-center, placebo-
controlled, double-blinded RCT trial of alendronate (10
mg/d, orally; n � 24) compared with placebo (n � 24) was
conducted for 1 yr to improve BMD. The alendronate-treated
patients gained (mean � sd) 4.9 � 3.0% and 2.8 � 3.2% BMD
after 1 yr vs. controls, who lost (mean � sd) 1.8 � 4.0% and
0.7 � 4.7%, in spine and femur BMD, respectively. Urinary
NTx levels declined in the treatment group more than in the
controls. To date, no study has been performed with
risedronate.

Several potential safety issues with oral bisphosphonates
may be present in individuals with CF if this therapy is used
more widely. The incidence of erosive pill esophagitis may
be higher because individuals with CF have a high incidence
of gastroesophageal reflux. Furthermore, a minority of in-
dividuals with CF will develop cirrhosis with esophageal
varices, which may complicate oral bisphosphonate therapy.
Last, adherence to oral bisphosphonate may be suboptimal
due to the demanding medical regimens of individuals with
CF. Once weekly oral bisphosphonate dosing may improve
compliance, and a study of this question is underway in CF
individuals.

Anabolic agents

Anabolic agents such as PTH have not been studied in CF.
Human recombinant GH has shown promise as an anabolic
agent for use in children with CF. In two preliminary studies
of individuals with CF (72, 73), GH therapy increased linear

growth, weight, and lean tissue mass. The GH-treated group
had statistically greater accretion of bone mineral content as
well.

Conclusions

Despite the recent clinical research studies in CF, myriad
questions remain regarding the pathogenesis and optimal
management of CF-related bone disease. Low BMD, kypho-
sis, and fragility fractures are common complications in
adults and develop in childhood in the more severely af-
fected patients. Malnutrition, inflammation, hormone defi-
cits, inactivity, and medications have all been implicated as
risk factors for reduced bone mineral accrual or increased
bone loss. However, the simultaneous presence of these fac-
tors makes it difficult to determine the contribution of each
variable. Younger, healthier patients with CF achieve normal
bone mass, evidence against a primary role for the CFTR
defect in causing the condition. The observation of normal
bone mass in well nourished patients also provides a cogent
argument for aggressive nutritional support and prompt
treatment of lung infection to optimize early bone mineral
accrual. Additional work is needed to better define the op-
timal nutritional supplementation and activity programs to
prevent or reverse poor bone health in this patient popula-
tion. For patients with more advanced pulmonary and nu-
tritional deficits, other therapies may be required to reduce
the risk of low bone mass and disabling fragility fractures.
Small RCTs support a role for bisphosphonates in adult
patients with very low BMD or after lung transplantation.
Broader use of bisphosphonates or treatment with newer
anabolic agents cannot be endorsed without additional test-
ing. This consensus meeting was held to examine the liter-
ature to date and to develop evidence-based practice guide-
lines. In the absence of adequate RCTs, the assembled panel
developed recommendations based upon expert opinion and
the available literature. The need for more research to refine
these recommendations is clear.

Acknowledgments

We thank the many CF patients who participated in the clinical trials
(under the auspices of the institutional review boards, which guaranteed
that informed consent was obtained and subject safety was ensured) that
allowed research to move forward in this area. We thank Robert Beall,
Ph.D.; Preston Campbell III, M.D.; Leslie Hazle, M.S.; Larry Lands, M.D.,
Ph.D.; Joan McGowan, Ph.D.; Alexandra Papaioannou, M.D.; and James
Yankaskas, M.D. R.M.A. especially thanks Gayle Lester, Ph.D., and
David Ontjes, M.D., for their ongoing and consistent support over the
last decade.

Received August 13, 2004. Accepted December 10, 2004.
Address all correspondence and requests for reprints to: Dr. Robert

Aris, CB 7020, 4131 Bioinformatics, University of North Carolina, Chapel
Hill, North Carolina 27599-7524. E-mail: aris@med.unc.edu.

References

1. Cystic Fibrosis Foundation 2003 Annual Report. 2002 Patient registry. Be-
thesda, MD: Cystic Fibrosis Foundation

2. Mischler EH, Chesney PJ, Chesney RW, Mazess RB 1979 Demineralization
in cystic fibrosis detected by direct photon absorptiometry. Am J Dis Child
133:632–635

3. Hahn TJ, Squires AE, Halstead LR, Strominger DB 1979 Reduced serum
25-hydroxyvitamin D concentration and disordered mineral metabolism in
patients with cystic fibrosis. J Pediatr 94:38–42

1894 J Clin Endocrinol Metab, March 2005, 90(3):1888–1896 Aris et al. • Bone Health and Disease in CF

 at Ospedale Maggiore di Milano - Biblioteca Scientifica on February 27, 2007 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


4. Elkin SL, Fairney A, Burnett S, Kemp M, Kyd P, Burgess J, Compston JE,
Hodson ME 2001 Vertebral deformities and low bone mineral density in adults
with cystic fibrosis: a cross-sectional study. Osteoporos Int 12:366–372

5. Aris RM, Renner JB, Winders AD, Buell HE, Riggs DB, Lester GE, Ontjes
DA 1998 Increased rate of fractures and severe kyphosis: sequelae of living to
adulthood with cystic fibrosis. Ann Intern Med 128:186–193

6. Henderson RC, Madsen CD 1999 Bone mineral content and body composition
in children and young adults with cystic fibrosis. Pediatr Pulmonol 27:80–84

7. Haworth CS, Selby PL, Webb AK, Dodd ME, Musson H, McL Niven R,
Economou G, Horrocks AW, Freemont AJ, Mawer EB, Adams JE 1999 Low
bone mineral density in adults with cystic fibrosis. Thorax 54:961–967

8. Moran CE, Sosa EG, Martinez SM, Geldern P, Messina D, Russo A, Boerr
L, Bai JC 1997 Bone mineral density in patients with pancreatic insufficiency
and steatorrhea. Am J Gastroenterol 92:867–871

9. Shane E, Silverberg SJ, Donovan D, Papadopoulos A, Staron RB, Addesso
V, Jorgesen B, McGregor C, Schulman L 1996 Osteoporosis in lung trans-
plantation candidates with end-stage pulmonary disease. Am J Med 101:262–
269

10. Tschopp O, Boehler A, Speich R, Weder W, Seifert B, Russi EW, Schmid C
2002 Osteoporosis before lung transplantation: association with low body mass
index, but not with underlying disease. Am J Transplant 2:167–172

11. Gibbens DT, Gilsanz V, Boechat MI, Dufer D, Carlson ME, Wang CI 1988
Osteoporosis in cystic fibrosis. J Pediatr 113:295–300

12. Conway SP, Morton AM, Oldroyd B, Truscott JG, White H, Smith AH, Haigh
I 2000 Osteoporosis and osteopenia in adults and adolescents with cystic
fibrosis: prevalence and associated factors. Thorax 55:798–804

13. Bachrach LK, Loutit CW, Moss RB 1994 Osteopenia in adults with cystic
fibrosis. Am J Med 96:27–34

14. Grey AB, Ames RW, Matthews RD, Reid IR 1993 Bone mineral density and
body composition in adult patients with cystic fibrosis. Thorax 48:589–593

15. Shaw N, Bedford C, Heaf D, Carty H, Dutton J 1995 Osteopenia in adults with
cystic fibrosis. Am J Med 99:690–692

16. Rochat T, Slosman DO, Pichard C, Belli DC 1994 Body composition analysis
by dual-energy x-ray absorptiometry in adults with cystic fibrosis. Chest
106:800–805

17. Henderson RC, Madsen CD 1996 Bone density in children and adolescents
with cystic fibrosis. J Pediatr 128:28–34

18. Bhudhikanok GS, Lim J, Marcus R, Harkins A, Moss RB, Bachrach LK 1996
Correlates of osteopenia in patients with cystic fibrosis. Pediatrics 97:103–111

19. Bhudhikanok GS, Wang MC, Marcus R, Harkins A, Moss R, Bachrach LK
1998 Bone acquisition and loss in children and adults with cystic fibrosis: a
longitudinal study. J Pediatr 133:18–27

20. Salamoni F, Roulet M, Gudinchet F, Pilet M, Thiebaud D, Burckhardt P 1996
Bone mineral content in cystic fibrosis patients: correlation with fat-free mass.
Arch Dis Child 74:314–318

21. Hardin DS, Arumugam R, Seilheimer DK, LeBlanc A, Ellis KJ 2001 Normal
bone mineral density in cystic fibrosis. Arch Dis Child 84:363–368

22. Humphries IR, Allen JR, Waters DL, Howman-Giles R, Gaskin KJ 1998
Volumetric bone mineral density in children with cystic fibrosis. Appl Radiat
Isot 49:593–595

23. Laursen EM, Molgaard C, Michaelsen KF, Koch C, Muller J 1999 Bone
mineral status in 134 patients with cystic fibrosis. Arch Dis Child 81:235–240

24. Sood M, Hambleton G, Super M, Fraser WD, Adams JE, Mughal MZ 2001
Bone status in cystic fibrosis. Arch Dis Child 84:516–520

25. Elkin SL, Vedi S, Bord S, Garrahan NJ, Hodson ME, Compston JE 2002
Histomorphometric analysis of bone biopsies from the iliac crest of adults with
cystic fibrosis. Am J Resp Crit Care Med 166:1470–1474

26. Haworth CS, Webb AK, Egan JJ, Selby PL, Hasleton PS, Bishop PW, Free-
mont TJ 2000 Bone histomorphometry in adult patients with cystic fibrosis.
Chest 118:434–439

27. Bachrach LK 2001 Acquisition of optimal bone mass in childhood and ado-
lescence. Trends Endocrinol Metab 12:22–27

28. Bailey DA, McKay HA, Mirwald RL, Crocker PR, Faulkner RA 1999 A
six-year longitudinal study of the relationship of physical activity to bone
mineral accrual in growing children; The University of Saskatchewan Bone
Mineral Accrual Study. J Bone Miner Res 14:1672–1679

29. Mortensen LA, Chan GM, Alder SC, Marshall BC 2000 Bone mineral status
in prepubertal children with cystic fibrosis. J Pediatr 136:648–652

30. Buntain HM, Greer RM, Schluter PJ, Wong JC, Batch JA, Potter JM, Lewin-
don PJ, Powell E, Wainwright CE, Bell SC 2004 Bone mineral density in
Australian children, adolescents and adults with cystic fibrosis: a controlled
cross sectional study. Thorax 59:149–155

31. Haworth CS, Selby PL, Horrocks AW, Mawer EB, Adams JE, Webb AK 2002
A prospective study of change in bone mineral density over one year in adults
with cystic fibrosis. Thorax 57:719–723

32. Aris RM, Lester GE, Camaniti M, Hensler M, Lark RK, Blackwood AD,
Brown SA, Renner JB, Neuringer IP, Chalermskulrat W, Ontjes DA 2004
Alendronate for cystic fibrosis adults with low bone density: results of a
randomized, controlled trial. Am J Respir Crit Care Med 169:77–82

33. Baroncelli GI, De Luca F, Magazzu G, Arrigo T, Sferlazzas C, Catena C,
Bertelloni S, Saggese G 1997 Bone demineralization in cystic fibrosis: evidence
of imbalance between bone formation and degradation. Pediatr Res 41:397–403

34. Aris RM, Ontjes DA, Buell HE, Blackwood AD, Lark RK, Brown SA, Cam-
initi M, Chalermskulrat W, Renner JB, Lester GE 2002 Abnormal bone turn-
over in cystic fibrosis adults. Osteoporos Int 13:151–157

35. De Schepper J, Smitz J, Dab I, Piepsz A, Jonckheer M, Bergmann P 1993 Low
serum bone �-carboxyglutamic acid protein concentrations in patients with
cystic fibrosis: correlation with hormonal parameters and bone mineral den-
sity. Horm Res 39:197–201

36. Schulze KJ, O’Brien KO, Germain-Lee EL, Booth SL, Leonard A, Rosenstein
BJ 2004 Calcium kinetics are altered in clinically stable girls with cystic fibrosis.
J Clin Endocrinol Metab 89:3385–3391

37. Borowitz D, Baker RD, Stallings V 2002 Consensus report on nutrition for
pediatric patients with cystic fibrosis. J Pediatr Gastroenterol Nutr 35:246–259

38. Ott SM, Aitken ML 1998 Osteoporosis in patients with cystic fibrosis. Clin
Chest Med 19:555–567

39. Donovan Jr DS, Papadopoulos A, Staron RB, Addesso V, Schulman L,
McGregor C, Cosman F, Lindsay RL, Shane E 1998 Bone mass and vitamin
D deficiency in adults with advanced cystic fibrosis lung disease. Am J Respir
Crit Care Med 157:1892–1899

40. Lark RK, Lester GE, Ontjes DA, Blackwood AD, Hollis BW, Hensler MM,
Aris RM 2001 Diminished and erratic absorption of ergocalciferol in adult
cystic fibrosis patients. Am J Clin Nutr 73:602–606

41. Wilson DC, Rashid M, Durie PR, Tsang A, Kalnins D, Andrew M, Corey M,
Shin J, Tullis E, Pencharz PB 2001 Treatment of vitamin K deficiency in cystic
fibrosis: effectiveness of a daily fat-soluble vitamin combination. J Pediatr
138:851–855

42. Aris RM, Brown SA, Ontjes DA, Chalermskulrat W, Neuringer IP, Lester GE
2003 Reduced carboxylated osteocalcin levels in cystic fibrosis. Am J Respir
Crit Care Med 168:1129

43. Levin ME, VC Boisseau, LV Avioli 1976 Effects of diabetes mellitus on bone
mass in juvenile and adult-onset diabetes. N Engl J Med 294:241–245

44. Stead RJ, Hodson ME, Batten JC, Adams J, Jacobs HS 1987 Amenorrhoea in
cystic fibrosis. Clin Endocrinol (Oxf) 26:187–195

45. Landon C, Rosenfeld RG 1984 Short stature and pubertal delay in male
adolescents with cystic fibrosis. Androgen treatment. Am J Dis Child 138:
388–391

46. Moshang T, Holsclaw Jr DS 1980 Menarchal determinants in cystic fibrosis.
Am J Dis Child 134:1139–1142

47. Johannesson M, Landgren BM, Csemiczky G, Hjelte L, Gottlieb C 1998
Female patients with cystic fibrosis suffer from reproductive endocrinological
disorders despite good clinical status. Hum Reprod 13:2092–2097

48. Weltman EA, Stern RC, Doershuk CF, Moir RN, Palmer K, Jaffe AC 1990
Weight and menstrual function in patients with eating disorders and cystic
fibrosis. Pediatrics 85:282–287

49. Boas SR, Cleary DA, Lee PA, Orenstein DM 1996 Salivary testosterone levels
in male adolescents with cystic fibrosis. Pediatrics 97:361–363

50. Manolagas SC, Jilka RL 1995 Bone marrow, cytokines, and bone remodeling.
Emerging insights into the pathophysiology of osteoporosis. N Engl J Med
332:305–311

51. Aris RM, Stevens A, Ontjes DA, Blackwood AD, Lark RK, Hensler M,
Neuringer IP, Lester GE 2000 Adverse alterations in bone metabolism are
associated with lung infection in adults with cystic fibrosis. Am J Respir Crit
Care Med 162:1674–1678

52. Konstan MW, Butler SM, Schidlow DV, Morgan WJ, Julius JR, Johnson CA
1999 Patterns of medical practice in cystic fibrosis. II. Use of therapies. Inves-
tigators and coordinators of the epidemiologic study of cystic fibrosis. Pediatr
Pulmonol 28:248–254

53. Ferrari SL, Nicod LP, Hamacher J, Spiliopoulos A, Slosman DO, Rochat T,
Bonjour JP, Rizzoli R 1996 Osteoporosis in patients undergoing lung trans-
plantation. Eur Respir J 9:2378–2382

54. Spira A, Gutierrez C, Chaparro C, Hutcheon MA, Chan CK 2000 Osteoporosis
and lung transplantation: a prospective study. Chest 117:476–481

55. Aris RM, Neuringer IP, Egan TM, Weiner M, Ontjes D 1996 Severe osteo-
porosis before and after lung transplantation. Chest 109:1176–1183

56. Rodino MA, Shane E 1998 Osteoporosis after organ transplantation. Am J Med
104:459–469

57. Aris RM, Lester GE, Renner JB, Winders AW, Blackwood AD, Lark RK,
Ontjes DA 2000 Efficacy of pamidronate for osteoporosis in patients with
cystic fibrosis following lung transplantation. Am J Respir Crit Care Med.162:
941–946

58. Aringer M, Kiener HP, Koeller MD, Artemiou O, Zuckermann A, Wie-
selthaler G, Klepetko W, Seidl G, Kainberger F, Bernecker P, Smolen JS,
Pietschmann P 1998 High turnover bone disease following lung transplan-
tation. Bone 23:485–488

59. Shane E, Papadopoulos A, Staron RB, Addesso V, Donovan D, McGregor C,
Schulman LL 1999 Bone loss and fracture after lung transplantation. Trans-
plantation 68:220–227

60. Henderson RC, Specter BB 1994 Kyphosis and fractures in children and young
adults with cystic fibrosis. J Pediatr 125:208–212

61. Erkkila J, Warwick W, Bradford D 1978 Spine deformities and cystic fibrosis.
Clin Orthop 131:146–149

62. Denton J, Tietjen R, Gaerlan P 1979 Thoracic kyphosis in cystic fibrosis. Clin
Orthop 155:71–74

Aris et al. • Bone Health and Disease in CF J Clin Endocrinol Metab, March 2005, 90(3):1888–1896 1895

 at Ospedale Maggiore di Milano - Biblioteca Scientifica on February 27, 2007 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org


63. Logvinoff M, Fon G, Taussig LM, Pitt MJ 1984 Kyphosis and pulmonary
function cystic fibrosis. Clin Pediatr 23:389–392

64. Hanly JG, McKenna MJ, Quigley C, Freaney R, Muldowney FP, FitzGerald
MX 1985 Hypovitaminosis D and response to supplementation in older pa-
tients with cystic fibrosis. Q J Med 56:377–385

65. Kelly E, Marsh R, Pencharz P, Tullis E 2002 Effect of vitamin D supplemen-
tation on low serum 25-hydroxyvitamin D in adults with cystic fibrosis [Ab-
stract]. Pediatr Pulmonol 24(Suppl):344

66. Boyle MP, Noschese ML, Watts SL, Davis ME, Lechtzin N 2003 Prevalence
of 25-hydroxyvitamin D deficiency in adults with CF and effect of high dose
ergocalciferol supplementation [Abstract]. Ped Pulmonol 25(Suppl):350

67. Enfissi L, Bianchi ML, Galbiati E, Faraifoger S, Arban, Moretti E, Giunta A
2001 Osteoporosis in CF: calcifediol therapy increases bone mineral density
(BMD). Pediatr Pulmonol Suppl 22:334 (Abstract 475)

68. Brown S, Ontjes D, Lark R, Blackwood A, Hensler M, Caminiti M, Aris R
2003 Short-term calcitriol administration improves calcium homeostasis in
adults with CF. Osteoporos Int 14:442–449

69. Ontjes DA, Lark RK, Lester GE, Aris RM 2000 Vitamin D depletion and
replacement in patients with cystic fibrosis. In: Norman A, Bouillon R, eds.
Vitamin D endocrine system: structural, biological, genetic and clinical aspects.
Riverside, CA: Thomasset, University of California; 893–896

70. Haworth CS, Selby PL, Adams JE, Mawer EB, Horrocks AW, Webb AK 2001
Effect of intravenous pamidronate on bone mineral density in adults with
cystic fibrosis. Thorax 56:314–316

71. Haworth CS, Selby PL, Webb AK, Mawer EB, Adams JE, Freemont TJ 1998
Severe bone pain after intravenous pamidronate in adult patients with cystic
fibrosis. Lancet 352:1753–1754

72. Hardin DS, Ellis KJ, Dyson M, Rice J, McConnell R, Seilheimer DK 2001
Growth hormone decreases protein catabolism in children with cystic fibrosis.
J Clin Endocrinol Metab 86:4424–4428

73. Hardin DS, Ellis KJ, Dyson M, Rice J, McConnell R, Seilheimer DK 2001
Growth hormone improves clinical status in prepubertal children with cystic
fibrosis: results of a randomized controlled trial. J Pediatr 139:636–642

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

1896 J Clin Endocrinol Metab, March 2005, 90(3):1888–1896 Aris et al. • Bone Health and Disease in CF

 at Ospedale Maggiore di Milano - Biblioteca Scientifica on February 27, 2007 jcem.endojournals.orgDownloaded from 

http://jcem.endojournals.org

