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Update on maintaining bone he
alth in cystic fibrosis
Michael P. Boyle
Purpose of review

The high prevalence of decreased bone density in adults

with cystic fibrosis is now well recognized, and guidelines

for screening and treatment of cystic fibrosis-related bone

disease have recently been published. This review

summarizes the current best practices for optimizing bone

health in cystic fibrosis and highlight recent findings that

provide insight into the etiology of cystic fibrosis-related

bone disease.

Recent findings

Recent research suggests that cystic fibrosis-related bone

disease actually starts during childhood, when individuals

with cystic fibrosis fail to demonstrate normal bone calcium

accretion. The failure to reach peak bone mass is made

worse by increased osteoclast activity and bone resorption.

This combination results in decreased bone density and an

increased risk of fracture. Recent clinical studies suggest

that multiple contributing factors need to be addressed in

cystic fibrosis to optimize bone health: malnutrition, vitamin

and mineral malabsorption, recurrent infections, inadequate

sex hormones, and lack of exercise. Oral bisphosphonates

have been demonstrated to be effective in cystic fibrosis

and should be used when osteoporosis or progressive

osteopenia is present.

Summary

Research suggests cystic fibrosis-related bone disease

actually begins during childhood, and guidelines now exist

to aid in identifying and treating those with decreased bone

density.
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Introduction
The median survival of individuals with cystic fibrosis has

climbed steadily over the last 40 years, from early teens in

the 1960s to 36.8 years now [1]. One notable effect of the

increased survival in cystic fibrosis has been the recog-

nition of medical complications associated with cystic

fibrosis that were not easily detectable until individuals

began to regularly live longer. Poor bone health is a prime

example of a medical complication that has grown in

significance in cystic fibrosis as survival has improved [2].

Recent investigations, however, have demonstrated that

although poor bone health is most often detected in

adults with cystic fibrosis, problems actually begin during

childhood, particularly during puberty [3�]. Strategies for

optimizing bone health in cystic fibrosis are now being

developed and recent guidelines have suggested a multi-

faceted approach which includes screening, monitoring,

and nutritional and pharmacologic interventions [4��].

Epidemiology of cystic fibrosis-related bone
disease
Numerous studies have documented the striking preva-

lence of decreased bone density (both osteopenia and

osteoporosis) in the adult population with cystic fibrosis

[2,5,6]. Estimates of prevalence in adults with cystic

fibrosis range from 40 to 70%. In adults with cystic fibrosis

with severe-enough lung disease to be evaluated for lung

transplantation, some degree of decreased bone mineral

density (BMD) is almost universal, and as many as 45%

have significant osteoporosis [7]. After lung transplan-

tation for cystic fibrosis lung disease, the prevalence of

osteoporosis may be 70% or more [7].

Most of these studies have utilized standard World

Health Organization criteria for evaluating BMD using

T-scores (the number of standard deviations that the

measured BMD is different from the mean of a popu-

lation of healthy young adults). These criteria are based

on studies in postmenopausal women and define osteo-

penia as BMD T-scores of �1 to �2.5 standard deviations

below the mean. Osteoporosis is defined as a T-score of

more than �2.5 standard deviations below the mean for

young adults [8]. The areas generally evaluated for BMD

are the lumbar spine and hip region. Concern has been

expressed that comparison with healthy populations is

inappropriate for individuals with cystic fibrosis because

they tend to have smaller body mass; however, studies

with quantitative computed tomography have suggested

that cystic fibrosis-related bone disease is not just related

to decreased bone size [9,10]. What is clear, however, is
orized reproduction of this article is prohibited.
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that the use of T-scores is not appropriate in pediatric

populations because they have not accrued their full adult

bone mass [11]. Pediatric studies therefore utilize

Z-scores (the number of standard deviations that the

BMD score is above or below the mean compared with

individuals of that age). The current recommendations of

the US Cystic Fibrosis Foundation Consensus Commit-

tee on Bone Health are to use Z-scores up to age 18, Z- or

T-scores between 18 and 30, and T-scores above 30 [4��].

Cross-sectional studies have suggested that BMD in

healthy pediatric cystic fibrosis patients during early

childhood is comparable to individuals without cystic

fibrosis [3�,12]. During early adolescence, however, chil-

dren with cystic fibrosis begin to demonstrate decreased

bone accumulation, and the prevalence of decreased

BMD begins to rise [3�,12,13�,14,15��]. The presence

of risk factors such as poor nutrition, steroid use, or

recurrent infections increases the risk of decreased

BMD [4��].

Clinical characteristics of cystic fibrosis-
related bone disease
The main reason for concern about decreased BMD in

individuals with cystic fibrosis is that it significantly

increases the risk of fracture [16,17]. It does not appear

that this fracture risk is due just to having cystic fibrosis,

as children with cystic fibrosis are not at an increased

risk for fracture if they have moderate lung disease and

no evidence of decreased BMD [18��]. However, the

risk of fracture in even a young adult with cystic fibrosis-

related osteoporosis is comparable with that seen in a

postmenopausal woman with severe osteoporosis and a

history of previous fractures [16]. This fracture risk is of

particular importance in the setting of lung transplan-

tation when use of high-dose corticosteroids and immu-

nosuppression can dramatically worsen the bone disease

that is already present [7]. The most common fractures

are vertebral compression fractures, followed by rib

fractures [16]. It has been estimated that when com-

pared to age-matched healthy controls, individuals with

cystic fibrosis and osteoporosis have a 100-fold increased

risk of vertebral fractures and a 10-fold increased risk of

rib fractures [16].

The other common clinical characteristic associated with

cystic fibrosis-related bone disease is kyphosis. Studies

have estimated the prevalence in individuals with cystic

fibrosis to be approximately 10–40% [19], depending on

the characteristics of the study group. In the study by

Aris and co-workers [16] of 70 adults with cystic fibrosis

referred for lung transplantation, over 60% had kyphosis

(vertebral angle equal to or greater than 408). The mean

vertebral angle in the group was 44� 148, and accounted

on average for a decrease in stature of approximately 6 cm

[16].
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Etiology of cystic fibrosis-related bone
disease
The etiology of decreased BMD in cystic fibrosis is

multifactorial [4��]. Studies evaluating bone histology

in cystic fibrosis-related bone disease are consistent with

a multifactorial etiology as the histomorphic changes seen

are not consistent with osteomalacia due to vitamin D and

calcium insufficiency alone [20]. Numerous contributors

to decreased BMD in cystic fibrosis have been identified,

including circulating cytokines secondary to recurrent

pulmonary exacerbations [21��,22], poor nutrition and

low body mass index [23], vitamin D and K insufficiency

[4��], inadequate gonadal steroid levels [24], use of

exogenous glucocorticoids [16], and decreased frequency

of weight-bearing exercise [5].

The etiology of cystic fibrosis-related bone disease has

received particular research attention recently. Schulze

and co-workers [14,15��] studied prepubertal and pub-

ertal girls with cystic fibrosis and determined that

throughout adolescence, and particularly during early

puberty, girls with cystic fibrosis demonstrate less

calcium deposition in their bones than healthy controls.

Shead and co-workers [21��] found that pulmonary

exacerbations are accompanied by an increase in the

number of circulating osteoclast precursors, and

suggested that an increase in osteoclast activity during

cystic fibrosis exacerbations may contribute to bone loss

in adults with cystic fibrosis. Studies in cystic fibrosis

transmembrane conductance regulator (CFTR)-null

mice suggest that even in the setting of good nutrition,

loss of CFTR expression is associated with both a

reduction in bone formation and an increase in bone

resorption [25]. Finally, several investigators have

identified in individuals with cystic fibrosis-related

bone disease low levels of insulin-like growth factor 1

[15��,26�,27�], a peptide thought to play an important

role in the differentiation of osteoblasts. All of these

findings lead to a picture of cystic fibrosis-related

bone disease being caused by a combination of decreased

bone formation, particularly during adolescence,

and increased bone loss, particularly in individuals with

frequent pulmonary exacerbations and poor nutrition

[4��].

Screening and monitoring for cystic fibrosis-
related bone disease
The recommendations of the Cystic Fibrosis Foundation

Bone Health Consensus Committee were published

in the Journal of Clinical Endocrinology and Metabolism
in 2005 [4��]. One of the areas stressed in the recom-

mendations was the importance of identifying cystic

fibrosis-related bone disease early in its course, to allow

nutritional and pharmacologic intervention which might

optimize bone health. They recommended determining a

baseline BMD in all adults with cystic fibrosis at age 18,
rized reproduction of this article is prohibited.
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Table 1 Bone health treatment recommendations

Everyone
Vitamin D supplementation to maintain serum 25-OHD >30 ng/ml
Calcium supplementation to achieve 1300–1500 mg/day
Vitamin K supplementation 0.3–0.5 mg/day
Target BMI >25th percentile
Encourage outdoor weight-bearing exercise
Aggressive treatment of pulmonary infections
Minimize exposure to corticosteroids
Treat cystic fibrosis diabetes
For delayed puberty or hypogonadism, refer to endocrine specialist

For T-/Z-scores between �1.0 and �2.0
Start oral bisphosphonate� if fragility fractures have occurred,

patient is awaiting transplant, or annual BMD loss is >3% at the
spine or 5% at the femur

For T-/Z-scores less than �2.0
Start oral bisphosphonate�

Consider intravenous pamidronate if oral route is not tolerated
(risk of infusion related to bone pain)

Consider teriparatide

25-OHD, 25-hydroxyvitamin D; BMD, bone mineral density; BMI, body
mass index. Based on [4��].
� Bisphosphonates have not been approved for use in children and
should be used with caution.
and in children over the age of 8 with risk factors for poor

bone health (ideal body weight < 90%, forced expiratory

volume in 1 s (FEV1) < 50% predicted, glucocorticoids

� 5 mg/day for more than 90 days/year, delayed puberty,

or history of fractures). Although there have been dis-

cussions about the ideal method for determining BMD in

individuals with cystic fibrosis, the current recommen-

dation is standard dual-energy X-ray absorptiometry

(DXA) of the lumbar spine and hip. Because standards

for BMD in children are not well established and

Tanner puberty stage can greatly influence BMD,

Z-scores should be utilized for individuals below the

age of 18. Individuals with T- or Z-scores of �1.0 or

better do not need repeat DXA monitoring for 5 years

unless there is a change in risk factors. Individuals with

T- or Z-scores of �1.0 to �2.0 should have a repeat DXA

scan every 2–4 years to monitor disease progression. It is

recommended that individuals with T- or Z-scores below

�2.0 should have annual DXA scans. Figure 1 summar-

izes the consensus conference screening DXA scan

recommendations.

Prevention and treatment of cystic fibrosis-
related bone disease
The other major area stressed in the consensus confer-

ence publication was the importance of optimizing vita-

min, calcium and nutritional status in all individuals with

cystic fibrosis to provide the best opportunity for normal

bone health. When needed, antiresorptive agents have

been demonstrated to be effective in improving BMD.

There has been ongoing research in each of these areas

which has helped shape recommendations for best prac-

tice (Table 1).
opyright © Lippincott Williams & Wilkins. Unauth

Figure 1 Dual-energy X-ray absorptiometry (DXA) screening

protocol

All adults over the age of 18

Children > 8 years old if:
< 90% ideal body weight, FEV1 < 50% predicted,
glucocorticoids of > 5 mg/day for > 90 days/year,

delayed puberty, or a history of fractures

DXA

Repeat DXA
every 5 years

Repeat DXA
every 2--4 years

Annual DXA

T-/Z- score > −1.0 −1.0  > T-/Z- score > −2.0  T-/Z- score < −2.0  

Dual-energy X-ray absorptiometry should include measurements of the
lumbar spine and femur. Z-scores should be used up to age 18, Z- or
T-scores are nearly equivalent between ages 18 and 30, T-scores should
be used above the age of 30. FEV1, forced expiratory volume in 1 s.
Adapted with permission from [4��].
Vitamin D supplementation

Numerous studies have documented a high prevalence of

vitamin D deficiency in individuals with cystic fibrosis,

likely due to fat malabsorption. Vitamin D deficiency has

the potential to significantly affect bone health by both

preventing normal calcium absorption and inducing sec-

ondary hyperparathyroidism. The exact prevalence of

vitamin D deficiency in cystic fibrosis depends on the

serum level used to define ‘deficient’. Based on evidence

in non-cystic fibrosis individuals that serum parathyroid

hormone levels begin to rise with 25-hydroxyvitamin D

(25-OHD) levels below 30 ng/ml, the consensus con-

ference committee identified a serum 25-OHD level

of 30 ng/ml as the target to optimize calcium metabo-

lism and bone health in cystic fibrosis [4��]. They

recommended annual 25-OHD screening and adequate

vitamin D supplementation in all individuals with cystic

fibrosis to keep their level above 30 ng/ml. Using this

threshold, studies suggest that 60–80% of adults with

cystic fibrosis may have inadequate serum 25-OHD

levels, even when receiving standard vitamin D supple-

mentation of 800 IU of cholecalciferol per day [28,29��].

What is also clear is that when individuals with

cystic fibrosis are identified as deficient, standard

doses used for vitamin D supplementation are often

inadequate. The consensus committee therefore recom-

mended a stepped approach using high-dose ergocalci-

ferol (vitamin D2) to replete individuals with inadequate

25-OHD levels. Based on data in non-cystic fibrosis

populations, they recommended beginning by supple-

menting with 50 000 IU of ergocalciferol once a week for

8 weeks, followed by twice a week for 8 weeks if needed.

A recent study by Boyle and co-workers [29��] found that

even this high-dose regimen may be inadequate to cor-

rect deficiency in many adults with cystic fibrosis, with
orized reproduction of this article is prohibited.
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only five of 38 patients treated with the full regimen

correcting their 25-OHD to above 30 ng/ml. A sub-

sequent study in the same patient group, not yet pub-

lished, has suggested that for those who do not respond to

the initial course, 50 000 IU of ergocalciferol a day for

30 days is much more successful in correcting serum

25-OHD levels to greater than 30 ng/ml. Other potential

methods of successfully providing vitamin D supple-

mentation in cystic fibrosis include more polar analogs

such as cholecalciferol and sun exposure/phototherapy.

Calcium supplementation

Given that much of the attention given to maintaining

adequate vitamin D levels aims to optimize calcium

absorption, the consensus conference committee also ac-

knowledged the importance of adequate calcium supple-

mentation in cystic fibrosis. It has been demonstrated by

Schulze and co-workers [14] that increased calcium absorp-

tion in young women with cystic fibrosis is associated with

increased rates of bone calcium deposition. There are no

cystic fibrosis-specific studies evaluating optimal dosing

for calcium supplements, so the current recommendation

is to follow the non-cystic fibrosis guideline of 1300–

1500 mg of elemental calcium per day [4��].

Vitamin K supplementation

The role of vitamin K in cystic fibrosis-related disease has

begun to receive more research attention in recent years.

Although no cause-and-effect relationship between

vitamin K deficiency and low BMD has been established,

vitamin K is a necessary co-factor in the posttranslational

activation of osteocalcin, a bone protein which plays a role

in bone formation and mineralization. Conway and co-

workers [30�] studied 93 children with cystic fibrosis

and found that 70% showed evidence of suboptimal

vitamin K status. In a small study of 20 children with

cystic fibrosis, Nicolaidou and co-workers [31�] found that

administration of 10 mg of oral vitamin K each week

resulted in a decrease in markers of bone turnover.

Further cystic fibrosis-specific research will be needed

before altering the current recommendation that individ-

uals with cystic fibrosis follow general intake guidelines

of 0.3–0.5 mg of vitamin K per day.

Sex hormone-replacement therapy

Delayed puberty and low serum estradiol and testoster-

one levels are thought to occur more frequently in

individuals with cystic fibrosis than in non-cystic

fibrosis populations, although study results have varied

[17,32,33�]. Delayed puberty may retard bone growth and

prevent attainment of peak bone mass, but a direct rela-

tionship between low sex hormones and cystic fibrosis-

related bone disease has not been established. Current

recommendations are to ensure that individuals with low

BMD do not have early gonadal failure, but there are

currently inadequate data to suggest the use of sex
opyright © Lippincott Williams & Wilkins. Unautho
steroids for treatment of osteoporosis unless a deficiency

is present [4��].

Bisphosphonates

The effectiveness of bisphosphonates in the treatment of

cystic fibrosis-related bone disease is now well established.

The recommendations of the Cystic Fibrosis Foundation

Bone Health Consensus Committee are to strongly con-

sider the use of bisphosphonates in all adults with cystic

fibrosis who have BMD T-scores of �2.0 or less. Individ-

uals with BMD scores between �1.0 and �2.0 should be

considered for treatment if they have a history of fragility

fractures, are awaiting lung transplant, or experience BMD

loss of > 3–5% per year [4��]. In 2004 Aris and co-workers

[34] published a randomized, placebo-controlled, double-

blinded trial of 48 individuals with cystic fibrosis and

T-scores of less than �1.0 which conclusively demon-

strated the benefit of 10 mg of oral alendronate a day.

They found that 1 year of treatment with oral alendronate

increased spinal BMD by 4.9� 3.0% and femur BMD by

2.8� 3.2%. This was significantly more than the placebo

controls, which lost 1.8� 4.0% of their BMD at the lumbar

spine (P< 0.001) and 0.7� 4.7% at the femur (P¼ 0.003).

Urine N-telopeptide levels, a marker of bone resorption,

also declined in the treatment group (P¼ 0.002), consist-

ent with the known antiresorptive effects of bisphospho-

nates. Other smaller studies have also confirmed the

benefit of oral bisphosphonates in treating cystic fibro-

sis-related BMD loss [35�].

Whereas oral bisphosphonates are now considered to be

the standard of care in individuals with cystic fibrosis-

related osteoporosis, concerns still exist about the use of

intravenous bisphosphonates in cystic fibrosis. A study of

the intravenous bisphosphonate pamidronate in cystic

fibrosis patients after lung transplantation found that it

significantly improved BMD without causing side effects

[36]. However, the use of intravenous bisphosphonates in

individuals with cystic fibrosis who are not post-transplant

has been complicated by a high rate of severe infusion-

related bone pain. Haworth and co-workers [37,38]

reported that while pamidronate did improve BMD in

the lumbar spine by an average of 4.1% at 6 months, 11 of

the 15 individuals receiving pamidronate in their study

experienced significant bone pain in the 48 h after infusion.

Recently, a randomized trial in adults with cystic fibrosis of

the potent intravenous bisphosphonate zoledronate had to

be stopped after three of the first five participants experi-

enced bone pain with infusion severe enough to require

emergency-room visits [39]. It has been noted by inves-

tigators that the infusion-related pain seen with intrave-

nous bisphosphonates tends to be less severe with

subsequent doses [38]. However, given that oral bispho-

sphonates have been demonstrated to be effective in cystic

fibrosis and are much better tolerated, they should be

considered as first-line therapy.
rized reproduction of this article is prohibited.
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Recombinant human growth hormone

There is growing interest in the use of recombinant human

growth hormone to improve bone mineral content in

children and adolescents with cystic fibrosis. Recent stu-

dies have focused on children and adolescents who have

experienced impaired longitudinal growth and poor

weight gain. Hardin and co-workers [40��] studied

32 poorly growing prepubertal children with cystic fibrosis

between the ages of 7 and 12. Sixteen were randomized to

treatment with a daily subcutaneous injection of growth

hormone at a dose leading to a total of 0.3 mg/kg per week.

The growth hormone treatment group demonstrated

significantly greater increase in height, weight, and bone-

mineral content than the nontreatment group (bone-

mineral content gain: 281� 34 g compared with 58� 23 g

for the treatment and control groups, respectively;

P¼ 0.03) [40��]. The same research group also demon-

strated the benefit of growth hormone treatment in pre-

pubertal children with cystic fibrosis receiving enteral

nutritional supplementation [41�]. The 18 children in the

study were divided into two groups: one received

no growth hormone for 1 year, followed by treatment

for 1 year; the other received a consecutive 2 years of

treatment. At the end of the first year the growth hormone

treatment group again demonstrated a significantly

greater increase in height, weight, and bone-mineral

content than the nontreatment group [41�]. The one

study not in young children was a retrospective evalu-

ation of 25 pubertal adolescents with cystic fibrosis

between the ages of 13 and 16 who had been referred

to endocrinology for evaluation of poor growth [42�]. It

demonstrated that 1 year of treatment with a daily sub-

cutaneous injection of growth hormone for a total of 0.3–

0.35 mg/kg per week resulted in a significantly greater

increase in height, weight, and bone-mineral content

than a nonrandomized control group (bone-mineral con-

tent gain: 650 g compared with 75 g for the treatment and

control groups, respectively; P< 0.05) [42�]. The control

group was 12 adolescents with cystic fibrosis with poor

growth who were not treated with growth hormone.

All of these studies suggest that the use of growth

hormone in cystic fibrosis in prepubertal children and

pubertal adolescents with poor growth and weight gain

results in improvement in height, weight, and bone

mineral content. To date there have been no studies

of growth hormone as a treatment for decreased BMD in

adults with cystic fibrosis, nor have there been conclusive

data for the use of growth hormone for treatment of

osteoporosis in adult populations without cystic fibrosis.

Teriparatide (1–34 human parathyroid hormone)

Teriparatide is a synthetic polypeptide that consists of

the 34 amino acids from the N-terminal region of human

parathyroid hormone, which account for much of its

biologic activity. It is given as a daily subcutaneous
opyright © Lippincott Williams & Wilkins. Unauth
injection and has been demonstrated to increase BMD

and decrease the risk of fracture in men and postmeno-

pausal women with osteoporosis [43,44]. Although con-

tinuous exposure to parathyroid hormone results in

increased bone resorption, intermittent exposure like

that experienced with a daily injection results in

increased osteoblast formation and bone growth. There

have not been any published studies of teriparatide use in

cystic fibrosis yet, but it has potential to be a promising

therapy in the future, particularly for individuals with

severe osteoporosis or previous fractures.

Conclusion
Whereas low BMD, kyphosis and vertebral fractures are

most often recognized in the adult cystic fibrosis popu-

lation, it is now becoming increasingly clear that cystic

fibrosis-related bone disease is a process that starts in

childhood and adolescence. Decreased calcium accretion

during puberty, poor nutrition, and recurrent infections

are among the multiple factors which cause an imbalance

between bone formation and resorption that leads to

decreased BMD. Guidelines for screening and treatment

of cystic fibrosis-related bone disease are now available,

and they suggest that close attention to nutrition, vitamin

and mineral supplementation, aggressive treatment of

infection, and use of antiresorptive agents may help

prevent the development of cystic fibrosis-related osteo-

porosis. Newer therapies, including recombinant human

growth hormone in children and teriparatide in adults,

provide the promise of even better treatment in

the future.
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