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COMMENTARY

As advancements in care continue to evolve, patients with cystic fibrosis (CF) are living
well into adulthood. As patients live longer, however, comorbidities such as bone disease
are emerging as significant problems among the CF population. CF-related bone disease
involves many entities, but the hallmark is decreased bone mineralization (characterized
by osteopenia), which leads to pathologic fractures or kyphosis. Multiple factors contribute
to bone disease in patients with CF, including malabsorption of vitamin D, poor nutritional
status, decreased physical activity, use of glucocorticoids, and delayed puberty. The
increasing prevalence of bone disease prompted the CF Foundation to convene a
Consensus Conference in 2002 to establish treatment guidelines, which were published
in 2005.1 These guidelines have played a critical role in the care of patients with CF, as
they identified bone disease as an entity that could be modified to improve the lives of this
patient population. 

One prominent, and theoretically easily adjusted, cofactor that contributes to bone
disease is vitamin D malabsorption. Vitamin D malabsorption can lead to vitamin D
insufficiency, which is defined as a 25-hydroxyvitamin D (25-OHD) level <30 ng/mL 
(75 nmol/L). The Guidelines Committee recommended that a minimum of 400 IU and 800
IU of vitamin D be provided on a daily basis to infants and to children >1 year of age,
respectively. The recommended treatment of vitamin D insufficiency (25-OHD 
<30 ng/mL) was an 8-week course of 12,000 IU ergocalciferol (vitamin D2) once weekly
for children <5 years of age and 50,000 IU once weekly for patients ≥5 years of age. The
guidelines suggested that biweekly regimens may be needed in some patient to attain the
goal 25-OHD level. More recently, it has become clear that vitamin D insufficiency is not
limited to the CF population.2,3 Therefore, more diligence with respect to the recognition
and early treatment of vitamin D insufficiency and subsequent bone disease may be
necessary. Our goal in this issue is to review current evidence to help clinicians identify
patients who are at risk for bone disease, as the guidelines clearly state the following:
“Prevention, early recognition, and treatment are the most effective strategies for
sustaining bone health to help maintain the quality of life of many individuals with CF.”1

We therefore hope to shed some light on the following issues:

How early in the course of CF treatment do we need to check for bone disease and
vitamin D insufficiency? 
As the exact onset of CF-related bone disease is not known, determining when to screen
patients for bone disease is a difficult question to answer. Only a few studies of bone
mineral density (BMD) have been conducted in prepubertal patients with CF. Normative
data are now available for healthy children 6 to 16 years of age.4 In 2008, Grey and
colleagues (reviewed in this issue) used these data to show that Canadian prepubertal
CF children had mean z scores lower than those in the reference population. The authors
further showed, as have many others, that insufficiencies of vitamin D and vitamin K were
extremely common, and that deficiencies of vitamin D could be linked to low BMD. Prior
recommendations that screening for vitamin D insufficiency be performed only in high-risk
CF populations—that is, those with pancreatic insufficiency or those with deficiencies of
vitamin A and vitamin E5—are no longer adequate. The paper by Neville and
Ranganathan demonstrates that vitamin D insufficiency is very common in the newborn
period, with no relationship found between vitamin D status and vitamin A levels, vitamin
E levels, or pancreatic status. Therefore, screening for vitamin D insufficiency during the
newborn period may be the only way in which to adequately identify this problem.

What is the optimal treatment for vitamin D insufficiency?
Shortly after the CF Foundation guidelines were published, Boyle and associates found
that the recommended dose of ergocalciferol (50,000 IU once weekly for 8 weeks) did not
provide adequate correction of vitamin D insufficiency in adult patients with CF.6 Studies
of children with CF by Green et al, reviewed in this issue, also demonstrate similar
results. In addition, these studies show that other, more aggressive ergocalciferol
repletion regimens do not correct low vitamin D levels in a majority of patients. Because
oral repletion strategies have proven ineffective in many cases, alternatives to
ergocalciferol for the treatment of vitamin D insufficiency have been sought. These
alternative treatments include the use of ultraviolet (UV) light and other vitamin D
compounds. Khazai and collaborators showed that cholecalciferol may be the optimal
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choice for an oral agent to treat vitamin D insufficiency. These investigators also found
that UV light may not be an adequate therapy because of noncompliance in the CF
population. Ultimately, the majority of studies demonstrate that the current guideline
recommendations are inadequate to treat vitamin D insufficiency and that further
modifications of these guidelines may be necessary to adequately treat patients with CF. 

Are other treatments available that may help improve CF-related bone disease?
Clearly, vitamin D insufficiency is not the only factor that leads to CF-related bone
disease. Therefore, the use of other therapies for the treatment of CF-related bone
disease has been suggested by several investigators. One therapy recommended in the
CF Foundation guidelines is the use of bisphosphonates—a class of agents that inhibit
osteoclasts. Early randomized, controlled trials showed that although intravenous (IV)
formulations of bisphosphonates were effective in improving BMD, their use was
hampered by significant side effects.7 Evidence from the study of Canadian adult patient
with CF (CFOS trial), reviewed in this issue, shows that an oral bisphosphonate
administered once weekly can increase BMD, with limited side effects. This therapy may
provide another way in which to combat this escalating disease. 

Taken together, the findings discussed in this issue of eCystic Fibrosis Review suggest
the following: (1) CF-related bone disease and vitamin D insufficiency are very common;
(2) increased diligence in screening for both of these conditions may be the only way to
adequately prevent future bone disease; (3) current guidelines for the treatment of vitamin
D insufficiency are inadequate; and (4) the use of other therapies may be needed to
adequately treat bone disease in patients with CF. Additional research is clearly
warranted to further explore the level of vitamin D that may prevent bone demineralization
and the optimal dose of vitamin D supplementation needed to achieve that goal.
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Although the onset of bone disease in the CF population is believed to begin in childhood,
this observation has never been fully established. Additionally, the theory that vitamin D
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insufficiency may lead to bone disease has also not been fully elucidated in the pediatric
population. To address both of these issues, Grey and associates conducted a cross-
sectional observational study of 81 pancreatic-insufficient pediatric patients with CF from
Canada to assess vitamin D, vitamin K, and bone disease status. The main objective of
the study was to determine the extent to which vitamin D and vitamin K status could
determine bone mineral status. This study took the novel approach of assessing vitamin K
levels directly, rather than using the more common technique of indirect assessment of
international normalized ratio (INR) levels. The authors further evaluated multiple
cofactors, such as lung function, nutritional status, and physical activity, which could alter
the relationship between vitamin status and bone disease. This study was enhanced by
the use of multiple markers of bone disease status, including; dual-energy radiograph
absorptiometry (DEXA) scans to assess whole-body bone mineral content (WBBMC) and
lumbar spine bone mineral density (LSBMD), and multiple blood markers of bone
resorption.  

Grey and coworkers focused not only on pubescent children, but also on prepubertal
children (21 of 81 subjects). A total of 77 (95%) children had vitamin D insufficiency (25-
OHD levels <30 ng/mL at the start of the study, despite a vitamin D intake higher than
guideline recommendations (subjects were provided with >1000 IU/day). Additionally,
65% of the patients had vitamin K deficiency (defined as a level <0.29 nmol/L), despite
only 9 patients having abnormal INR values. Based on DEXA scans, the mean WBBMC
and LSBMD z scores in this population were less than those in the normative population
(z score means were <0 across all pubertal groups). In fact, 38% of children had a
WBBMC z score <-1.0, and 28% of children had an LSBMD z score <-1.0 (consistent
with low bone mass). Age, height z score, and body mass index were all shown to be
independent predictors of both WBBMC and LSBMD z scores. Tanner stage and 25-OHD
level were also found to be predictors of WBBMC z score. Although vitamin K levels were
not predictive of bone mass, a biomarker of vitamin K deficiency (undercarboxylated
osteocalcin [GLU-OC]) was directly proportional to carboxy-terminal propeptide type 1
procollagen (PICP) and osteocalcin (2 biomarkers of bone formation that are suggestive
of reduced bone formation when low), and inversely proportional to
deoxypyridoline/creatinine ratio (a biomarker of bone resorption that is indicative of
increased bone turnover when high). 

This study shows that WBBMC and LSBMD are low in about one-third of pediatric
patients with CF and that, on average, the bone density of pediatric CF patients is well
below that of healthy control populations. Moreover, not only did the authors assess bone
disease using DEXA, but they also demonstrated that bone turnover (as measured using
osteocalcin, PICP, and urinary deoxypyridinoline/creatinine ratio) was greatly altered in
pediatric patients with CF. This study is one of the first to establish that vitamin D levels
can predict bone mineral status within the CF population, thus helping to determine
whether vitamin D insufficiency is, in fact, a causative factor in bone disease. 

back to top
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Vitamin D insufficiency is widespread in the CF population. The exact age of onset of
vitamin D insufficiency is unknown, although recent data show that otherwise healthy
children in the United States are at significant risk for vitamin D insufficiency early in life.1
Neville and Ranganathan investigated a newborn CF population to determine whether
vitamin deficiencies were present at diagnosis of the disease prior to any
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supplementation. The authors conducted a retrospective, cross-sectional study of infants
from Melbourne, Australia, diagnosed with CF between 2001 and 2006. Subjects had
vitamins A, E, D, and K levels (assessed by INR) measured within 3 weeks of CF
diagnosis. The majority of infants (n=58) were diagnosed with CF secondary to newborn
screening, 12 were identified at birth by the presence of meconium ileus, and 3 presented
clinically shortly after the newborn period. After initial vitamin levels were obtained,
vitamin supplementation was begun.

Median age at CF diagnosis was 1 month; vitamin levels were assessed at a median age
of 1.2 months. Vitamin D levels were assessed at diagnosis in 30 of the 73 infants. In
these infants, the mean 25-OHD level was 37.1 nmol/L (well below the insufficiency cutoff
of 30 ng/mL), with only 3 having a value >30 ng/mL. Of the 73 infants studied, 45 had
vitamin A and vitamin E levels obtained, with 60% and 16% of these infants deficient in
vitamin A and vitamin E, respectively. All infants had normal INR levels, suggesting that
they were vitamin K–sufficient. For those infants in whom vitamin A, vitamin D, and
vitamin E levels were assessed, no correlation was found between vitamin D levels and
levels of vitamins A or vitamin E. In fact, all  11 infants severely deficient in vitamin D (<10
ng/mL) had normal levels of vitamin E. Additionally, no associations between pancreatic
status and vitamin levels were reported. Finally, the birth month of the infant was also not
associated with vitamin D status, implying that sunlight in the summer months did not
affect vitamin D levels in this population. The authors monitored vitamin D levels in these
children and found that after 2 years of vitamin supplementation, no infants whose 25-
OHD level was <10 ng/mL were still deficient; however, even after monitoring some
patients for up to 60 months, few were found to have vitamin D levels >30 ng/mL. 

This study demonstrates that vitamin D insufficiency begins shortly after (if not at) birth
within the CF population. Perhaps more importantly, the authors did not find a predictive
factor that can be used to determine if an infant is vitamin D–insufficient. In the recent
past, certain strategies have been suggested for the assessment of vitamin D
insufficiency within the newborn period, including evaluating only those subjects found to
be pancreatic-insufficient or first assessing vitamin E levels and, if low, then assessing
vitamin D levels.2 Based on this study, these strategies would not be effective in
identifying subjects with vitamin D insufficiency. Thus, the only effective strategy for
identifying vitamin D insufficiency and preventing further deficiency is to test all infants for
vitamin status at CF diagnosis, regardless of other clinical factors, and then implement
repletion accordingly. Additionally, this study found that with recommended daily
supplements of vitamin D 440 IU, few subjects reached the current goal of 
>30 ng/mL at the first follow-up, implying that higher doses may be necessary for infants
to achieve adequate vitamin D levels.
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The CF Foundation Consensus Statement encouraged treatment of vitamin D
insufficiency, with the hope that this would lead to improvement in BMD. Unfortunately,
prior to the publication of these recommendations, few data were available on the
appropriate dose of vitamin D needed to achieve adequate levels. The consensus group
recommended that ergocalciferol 50,000 IU be used once weekly for 8 weeks to treat
vitamin D insufficiency. Green and colleagues initially set out to determine whether this
dose was appropriate for the treatment of vitamin D insufficiency in their pediatric
population. Using a retrospective analysis, the authors assessed the prevalence of vitamin
D insufficiency in their population and discovered multiple cofactors that predisposed an
individual to vitamin D insufficiency. They then evaluated the guideline-recommended
dose for the treatment of vitamin D insufficiency. Other, more aggressive strategies for
the treatment of vitamin D insufficiency had also been in use at Johns Hopkins University.

In the initial year of their study (2003), Green and collaborators found that the prevalence
of vitamin D insufficiency was quite high, with 86.5% of their population having vitamin D
levels <30 ng/mL. In each subsequent year, the patients studied had a lower prevalence
of vitamin D insufficiency; however, even in 2006, almost half of the subjects (46.2%)
were still vitamin D–insufficient. Age and the season in which 25-OHD levels were
assessed were both shown to be predictive of low vitamin D levels. The success of the
various treatment strategies evaluated in the pediatric vitamin D–insufficient patients was
compared to also assessed in a cohort of subjects with 25-OHD levels <30 ng/mL who
had never been treated with an ergocalciferol regimen (152 patients). Of these 152
untreated patients, 55 (36.4%) had a 25-OHD level >30 ng/mL at follow-up. A total of 21
patients received ergocalciferol 50,000 IU once weekly for 8 weeks, with follow-up levels
obtained at the next clinic visit. Only 33% (7 of 21) of the patients had a follow-up level
higher than the goal of 30 ng/mL. Ergocalciferol twice weekly for 8 weeks was the next
treatment used, which was also shown to be suboptimal, with only 26% (6 of 23) of the
subjects responding. The next treatment utilized—ergocalciferol 3 times weekly for 8
weeks—was associated with a greater level of success, with 43% of the population (61 of
141 patients) showing improvement. When each of the different treatments were
compared in treated patients vs untreated subjects, none of the treatment regimens was
significantly better than the use of no treatment.

As none of the above treatment regimens adequately treated vitamin D insufficiency, in
their second paper, Green and colleagues evaluated a new regimen of ergocalciferol
50,000 IU once daily for 4 weeks. The likelihood of successful treatment improved to 54%
of those treated (80 of 147 patients). However, this improvement was not sustained,
because 13 of the 27 successfully treated individuals had 25-OHD levels <30 ng/mL at
the next follow-up and required additional vitamin D supplementation. This implies that
once therapy is discontinued, stores of vitamin D quickly become deficient in many cases.

These studies, along with a prior adult study,1 demonstrate that the recommendations by
the CF Foundation Consensus Committee are inadequate for correcting vitamin D
insufficiency in the CF population. The recommended regimen of ergocalciferol 50,000 IU
once weekly for 8 weeks seems to work in only one-third of patients. Additionally,
treatment strategies using very high doses of ergocalciferol were also not successful in
maintaining adequate vitamin D levels. This implies that once high-dose therapies are
halted, the currently recommended daily supplementation is also inadequate for
maintaining 25-OHD levels >30 ng/mL. These studies suggest that increasing daily
vitamin D supplementation may be the best was to ensure adequate vitamin D stores. In
addition, more frequent monitoring of vitamin D levels may be appropriate if the goal is to
have 25-OHD levels >30 ng/mL at all times of the year.
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As mentioned in the Commentary section of this issue, the optimal treatment for vitamin D
insufficiency is unclear. The CF Foundation guidelines recommend ergocalciferol in part
because it is readily available in prescription form in the United States. Therefore, Khazai
and associates sought to compare the efficacy of vitamin D2 (ergocalciferol), vitamin D3
(cholecalciferol), and UV light to determine which would be the most beneficial in raising
and maintaining the 25-OHD levels above the recommended goal of 30 ng/mL. The
authors enrolled 30 individuals with CF, 16 to 70 years of age, in a randomized fashion to
receive ergocalciferol 50,000 IU once weekly for 12 weeks, cholecalciferol 50,000 IU once
weekly for 12 weeks, or UV light on the subject’s back for 3 to 10 minutes 5 times per
week. Participants were enrolled only in the winter, in order to minimize sunlight
exposure; the randomization was unblinded and not placebo-controlled. Vitamin D levels
were assessed using 25-OHD at baseline and within 4 weeks of completion of therapy. 

Baseline characteristics were similar in the 3 groups, including initial 25-OHD level. Two-
thirds (68%) of the study population were vitamin D–insufficient at the time of enrollment.
Treatment with both vitamin D3 and vitamin D2 was shown to increase 25-OHD levels
significantly, whereas treatment with UV light therapy did not increase 25-OHD levels.
The authors examined the mean rate of change and found that those receiving vitamin
D3 had the largest increase. Vitamin D3 therapy increased 25-OHD levels from a mean of
21.2 ng/mL to 47.1 ng/mL. The response to vitamin D2 therapy was less dramatic,
increasing the mean 25-OHD level from 24.4 ng/mL to 32.7 ng/mL. Parathyroid hormone
(PTH) levels were also assessed in this study. After controlling for the baseline value,
PTH levels were shown to decrease the most in those treated with the oral vitamin D
regimens. Of further note, 45% of the subjects treated with UV therapy were
noncompliant with the therapy, using the provided UV light source <80% of the
recommended time.

This study is the first of its kind to directly compare the use of ergocalciferol with
cholecalciferol and UV light. Based on the findings of the study, it appears that
cholecalciferol is at least as effective as ergocalciferol and may, in fact, be a better
treatment option for vitamin D insufficiency in patients with CF. Several prior studies have
demonstrated that cholecalciferol may remain active slightly longer than ergocalciferol, 1,2

thereby providing more stable levels of vitamin D for patients. Moreover, it appears that
UV light is not a viable option for the treatment of vitamin D insufficiency in persons with
CF. Although participants were asked to use the UV light for 10 minutes 5 times weekly,
only 55% of the subjects were able to comply with this treatment >80% of the time. As
the care of patients with CF is already quite complex, treatment with UV light seems to be
inadequate. 
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Although the recommendations on vitamin D supplementation were an important topic in
the consensus statement on bone disease, this was not the only therapy suggested.
Another proposed treatment option was the use of bisphosphonates—a class of drugs
that exert inhibitory effects on osteoclasts. These medications can reduce bone turnover
and increase BMD. Papaioannou and coworkers conducted a double-blind, placebo-
controlled, randomized study of alendronate, an oral bisphosphonate, once weekly in
patients with CF who had low BMD (T-score of <-1.0, as measured by DEXA). The
authors enrolled 56 adults with CF from 6 centers in Canada. Participants received
vitamin D 800 IU and calcium 1000 mg daily, plus either alendronate 70 mg or placebo
once weekly, for 12 months. BMD was rechecked by DEXA at completion of therapy. 

The 56 individuals enrolled in this study were all young adults (mean age, 29 years) with
moderate pulmonary disease (mean forced expiratory volume in 1 second [FEV1] 57%
predicted). Baseline lumbar T-score was -1.65. A multivariable regression was performed
to control for various differences among the enrollees, including calcium levels, lung
function, age, and baseline BMD. Using this model, treatment with alendronate was
associated with a 4% greater increase in LSBMD and a 3% greater increase in hip BMD
vs placebo. In fact, the absolute percent change in LSBMD was approximately 5% in the
alendronate group, compared with a decrease of -0.08% in LSBMD in the control group.
Two new vertebral fractures were reported in the control group and none were observed
in the alendronate group. Alendronate seemed to be well tolerated, with no reports of
severe bone pain, as has been observed with the administration of IV bisphosphonates.1
The most common adverse events were pulmonary exacerbations (3 in the alendronate
group and 3 in the control group), followed by gastrointestinal complaints (10 with
alendronate vs 7 with placebo), which included 1 intestinal obstruction in the alendronate
group and 1 in the placebo group.

This study is the first to assess the use of an oral weekly bisphosphonate regimen for the
treatment of low BMD in patients with CF. Since CF treatment regimens are already quite
complex, a once-weekly regimen that does not involve IV therapy is quite appealing.
Based on the results of this study, it appears that alendronate does improve BMD by
approximately 4% over 1 year. Clinically relevant improvements in BMD ranged from 2%
to 6%, suggesting that this regimen provided worthwhile improvement. This study also
demonstrated that since a decline in BMD can occur in just 1 year, frequent DEXA scans
may be needed in the CF population to better monitor the onset of bone disease.
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