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Abstract

Background: the improved general therapy has led to reduced morbidity and mortality from
Cystic Fibrosis (CF), and bone status may have a potentially greater clinical impact.

We investigated the correlation between the severity of the clinical condition, bone status and
body composition parameters, in a group of children and young adults with CF.

Methods: we measured lumbar spine bone density and total body composition by dual energy x-
ray absorptiometry (DXA) in 82 consecutive CF patients (42 males; median age: |3 years - range:
5-30). Eighty-two healthy subjects, matched for age, gender, height and pubertal stage were
recruited as a control group.

Results: 37 patients (45.1%) had a normal bone mineral density (BMD). A BMD reduction were
observed in 45 (54.8%) patients. Lumbar spine Z score was positively related to Body Mass Index
(BMI) and a higher Shwachman-Kulczycki score, and negatively related to Crispin-Norman score.
A positive and significant correlation was also observed between lumbar spine Z score and total
body composition.

Conclusion: a significant BMD reduction can be present early in CF children and adolescents. A
careful follow up of bone status is required starting in childhood.

Background

With the dramatic improvement in life expectancy for
cystic fibrosis (CF) patients over the past 25 years, atten-
tion has turned towards the complications of this disease.
In particular, research has been directed towards factors
which may maximize both survival and quality of life in
the longer term [1,2]. Osteopenia, which is commonly

found in adult CF patients exacts a considerable toll
through fragility fractures; back pain and kyphosis can
cause a further deterioration in respiratory status [3-5].
Many reasons have been suggested for the observed reduc-
tion in bone mineral density (BMD): small bone size,
poor nutritional intake, pancreatic insufficiency, calcium
and vitamin D malabsorption, reduced levels of physical
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activity, corticosteroid usage, pubertal delay, chronic res-
piratory infection and elevated levels of osteoclast activat-
ing cytokines [6]. Failure to accrete a bone mass at an
appropriate rate, rather than bone loss, has been hypoth-
esized to play the major role [7].

Until the late 1990s, over 30% of CF subjects were
reported to have a very low BMD, with lower values in
men than in women [8]. The reduction in BMD seems to
evolve during adolescence, and becomes more evident in
adulthood. More recently, some studies [9,10] have
reported overall normal BMD in well-nourished CF sub-
jects. A few authors have described that AF508 mutation
in the homo- or heterozygous state could represent an
independent risk factor for reduced bone density in CF
[11].

The purpose of this study was to analyze BMD and body
composition by DXA in a large heterogeneous group of
children and young adults with CF.

We investigated the correlation between various indica-
tors of clinical condition (especially nutrition and lung
function) and bone status.

Methods

Subjects

The study was a cross-sectional, observational evaluation
of children and young adults with CF. All the patients,
aged between 5 and 30 years, attending the Cystic Fibrosis
Unit at the Bambino Gestu Children's Hospital of Rome,
were invited to participate in the study, without obliga-
tion and without specific selection criteria. The study
period extended from July 2007 to July 2008. Eighty-two
(42 males, 40 females) consecutive patients underwent
the evaluation described below. Median age was 13 years
(range 5-30). Twenty-seven patients (32.9%) were chil-
dren (aged 5 years to puberty), 45 (54.9%) were adoles-
cents (from the onset of puberty to 18 years), and 10

Table I: Clinical and genetic features of CF group
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(12.2%) were young adults (older than 18 years). The
diagnosis of CF had been confirmed by the sweat test and
by CF gene mutation analysis in all patients. All patients
were on unrestricted high caloric diet (120% of the daily
caloric intake), in accordance with standard recommen-
dations for CF care. No patient used supplemental noctur-
nal enteral feeding. All patients took an oral multivitamin
preparation, including 400 Ul/day of vitamin D; no oral
calcium supplement was used. In our Unit, oral glucocor-
ticoids are used only in cases of allergic bronchopulmo-
nary aspergillosis (ABPA), severe asthma, and in seriously
ill patients. During the previous 2 years, no patient had
been treated with oral steroids for more than 15 days. All
patients were receiving inhaled steroids; cumulative dose
was calculated in mg as the product of mean daily dose x
365 x duration in years. Medical history for bone fractures
was negative in all patients. All subjects underwent plain
chest X-rays (lateral projection) to exclude unknown ver-
tebral fractures. No patient was taking bone sparing drugs.
Clinical and genetic features of CF subjects are summa-
rized in Table 1.

The areal BMD (g/cm?) measured by DXA is particularly
misleading when measured in growing patients, as it
underestimates the true density value for smaller bones
and overestimates it for larger bones [12]. Furthermore, it
is well known that patients with CF might present growth
retardation and pubertal delay, and consequently skeletal
size and mineralization may be decreased. In order to
minimize the influence of bone size on DXA measured
bone mineral content (BMC) and BMD, we intentionally
recruited 82 control subjects (42 males) matched for age,
gender, pubertal stage and height. For every patient we
selected one control subject, matching criteria were: age +
12 months, height + 10 cm, and the same pubertal stage.
Control subjects were recruited from amongst the healthy
children attending the outpatient clinic of our Hospital.
Young adult control subjects were students or members of
the staff. The study was approved by the Bambino Gesii

Number (%) males females
Homozygous for AF508 mutation 16 (19.5) 9 7
Heterozygous for AF508 mutation 39 (47.6) 22 17
No allele for AF508 mutation 27 (32.9) 12 15
Pancreatic insufficiency 80 (97.6) 38 42
CF-Related Diabetes 14 (17.1) 6 8
CF-Related Liver Disease* 11 (13.4) 6 5
*According to Colombo et al [35]
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Institutional Research Committee and written informed
consent was obtained prior to participation from patients
and/or parents.

Methods

Weight was assessed by a digital scale, height by a
Harpenden stadiometer. Body mass index (BMI) was cal-
culated from the ratio of weight/height? (kg/m2). Due to
the presence of pediatric subjects, BMI was also expressed
as BMI-Z score, using the Italian reference data [13].
Pubertal status was determined using breast and pubic
hair stages in girls, testicular and pubic hair stages in boys,
according to the Tanner criteria [14]. Bone status and
body composition were analyzed by DXA (DXA Hologic
QDR, Waltham, Mass.) equipped with standard density
software. Total body fat mass (excluding head) and lean
mass were analyzed by DXA and expressed in grams. BMD
(g/cm?) was assessed at the lumbar spine (L1-L4); the
results were expressed as Z score for age, sex and ethnicity
according to the reference data given by the Hologic soft-
ware. Z scores were calculated by subtracting the sex- and
age-specific population mean BMD from the CF subject's
BMD; this value was then divided by the SD of the sex-
and age-specific mean. The areal BMD measurements do
not take into account that the actual bone volume is
strictly related to body size, a particularly important
aspect when evaluating a growing skeleton. A reduced
BMD can be the result of a real reduction in BMD and/or
the result of a small bone size [12]. To reduce these dis-
crepancies, we also calculated lumbar spine bone mineral
apparent density (BMAD), by dividing the vertebral BMC
(expressed in grams) by the estimated volume, assuming
that vertebral bodies are cubical [15]. The BMAD repre-
sents the estimated cortical and trabecular volumetric (g/
cm3) bone density within the estimated envelope of the
vertebral body.

The definition criteria of osteoporosis in pediatric age is
not completely established, due to the lack of the linear
correlation, seen in adults, between the severity of bone
demineralization and the risk of fractures. Even if our
study population also comprises a few young adult sub-
jects, we arbitrarily used the standards recently proposed
for pediatric subjects to define bone density reduction
[12]. We considered normal BMD a lumbar spine Z score
>-1, mild BMD reduction a lumbar spine Z score lower
than -1.0 but higher than -2, severe BMD reduction a
lumbar spine Z score lower than -2.0. Pulmonary function
was assessed by forced expiratory volume in one second
and expressed as percentage of expected for height
(FEV%). Disease severity was globally evaluated by the
Shwachman-Kulczycki score, in which four separate
aspects are assessed: activity, physical examination, nutri-
tion and chest roentgenogram. Each category was given an
equal value of 25 points, each item being rated on a 5-
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point scale, giving a total score of 100 points, where a
higher score indicated better health [16]. Crispin-Norman
radiological scoring system was used to evaluate the
degree of lung damage. It describes radiological lung
lesions: air trapping, linear markings, nodular-cystic
lesions, large lesions, general severity, attributing from 1
to 4 or 5 points to describe the increasing severity. Higher
scores are associated with increased severity with a total of
25 demerit points [17].

Statistical analysis

The statistical analyses were performed using the SPSS
software, version 6.1 for Windows (SPSS Inc., Chicago,
llinois, USA). The symmetrically distributed data are
expressed as mean + 1SD. Those variables that showed
evidence of being asymmetric are presented as median.
Linear regression analysis was used to study the relation
between lumbar spine Z score and body composition
parameters, and to analyze the correlation between bone
status and the indexes of disease severity. T-test and One-
way Anova were used to calculate differences between
means. The Mann-Whitney test was used to compare
notably asymmetric variables. P < 0.05 was considered
statistically significant.

Results

Mean FEV1% predicted in our population was 84.7 +
20.5%, four patients (4.8%) had a severe lung disease
with a FEV1% < 40%. Mean Shwachman-Kulczycki score
was 87.64 + 14.07, mean Crispin-Norman score was 8.32
+ 4.5. Mean cumulative dosage of inhaled steroids was
721 mg+ 185. Mean lumbar spine BMD Z score and mean
lumbar spine BMAD were significantly different in CF
subjects and control group; auxological characteristics
and bone status of the two groups are shown in Table 2.
Thirty-seven subjects had a normal BMD, with a Z score
higher than -1 (45.1% - 20 males and 17 females). A mild
BMD reduction (with lumbar spine Z score lower than -
1.0, but higher than -2.0) was documented in 33 subjects
(40.2% - 17 males, 16 females). A condition of severe
BMD reduction, with a lumbar spine Z score less than -2,
was evident in 12 patients (14.6% - 6 males, 6 females).
Median age was not statistically different in the two
groups: 13 years (range: 5-30) in normal bone density
group, 12 years (range: 5-28) in the group with BMD
reduction (Mann-Whitney test). Table 3 shows the differ-
ent distribution of BMD Z score in prepubertal and puber-
tal subjects. No subject had a history of fractures and
unknown vertebral fractures were excluded by plain chest
X-rays in all of them. The cumulative dosage of inhaled
steroids in the patient group with severe BMD reduction
(BMD <-2) was higher than in the other patients, but the
difference did not reach the statistical significance (p =
0.06). There were no statistically significant differences in
bone density among patients homozygous for AF508
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Table 2: Auxological evaluation and bone status in CF, compared to the control group

CF patients Control subjects P
N° 82 82
Age (mean * SD) 13.5+5.6 129 £ 5.9 0.59
Height Z score -0.42 £ 0.96 -0.46 £ 0.95 0.09
BMI Z score -0.004 + 1.28 0.11 = 1.0l 0.1
Lumbar spine BMD (Z score * SD) -1.18 £ 1.16 -0.67 £ 0.92 < 0.0001
Lumbar spine BMAD (mean + SD) 0.17 £0.03 0.19 £ 0.02 0.002

mutation, heterozygous for the same mutation, or carry-
ing different mutations (p: 0.8844). Lumbar spine BMD Z
score was negatively and significantly related to FEV1%
(p: 0.0104 - figure 1). The severity of BMD reduction
seemed to be directly correlated to the clinical severity of
the chronic illness (figures 2 &3): lumbar spine BMD Z
score was positively related to higher Shwachman-Kulczy-
cki score (p: < 0.0001); to further confirm these data lum-
bar spine BMD Z score was also negatively related to
Crispin-Norman score (p: 0.0004).

Analyzing the indicators of nutrition and the body com-
position parameters, we found that BMD Z score was sig-
nificantly reduced in the group of subjects (n = 12) with
BMI SDS <-1 in comparison with the group of subjects
with BMI SDS >-1 (-2.00 + 1.59 vs -1.04 + 1.02, p =
0.0076). A positive significant correlation was evident
between lumbar spine BMD Z score and BMI (p: 0.0001).
A similar but not significant positive correlation was
found with BMI-Z score (p: 0.09). The analysis of body
composition parameters showed that lumbar spine BMD
Z score was positively and significantly related both to
total lean mass (p: 0.0047 - figure 4) and to total fat mass
(p: 0.007 - figure 5) expressed in grams. Table 4 shows
clinical characteristics and bone status of the 12 patients
with severe BMD reduction.

Discussion

Several studies have described low bone density in CF
adults, which might represent a potential consistent risk
of fractures [18-21]. Data in pediatric age have been con-

flicting and, until recently, unconvincing. Bhudhikanok et
al [22] reported a significant reduction in total body and
areal BMD for both male and female CF patients.
Gronowitz [23] reported a normal annual increase of
bone mineral density during two years in patients with
CF. More recently, Conway et al [24] showed a low BMD
in 17% of their study population, which was reduced to
9% after correction for body size by BMAD calculation.
None of these studies used an adequate control group of
healthy subjects. However, the Conway group results are
similar to those reported by Kelly et al [25] in a controlled
study evaluating 82 patients (aged 8-18 years) with mild-
moderate CF and pancreatic insufficiency. The Kelly study
showed that BMD deficits in children are largely depend-
ent on the effect of growth and body composition on
bone health, as BMD values normalized after adjustment
for height and lean body mass standard deviation scores.
Conversely, marked differences have been observed by
Bianchi et al in the Milan pediatric CF centre [26]. Longi-
tudinal evaluation over 12-24 months of a sample of 136
young patients (aged 3-24 years) showed that a lumbar
spine Z score less than -1 was present in 66%, independ-
ently of sex, age and correction for body size (BMAD).
Compared to control group, CF patients manifested also a
reduction of fat mass and muscle mass (expressed as fat
free mass). The severity of bone mass reduction was
related to pulmonary function, steroid dose, and the pres-
ence of advanced liver disease with portal hypertension.
Similarly, Buntain et al [27] analyzed bone mass accrual
over 2 years in 85 CF subjects, aged 5-18 years, and
showed that BMD gains over time were significantly less

Table 3: Different distribution of BMD Z score in prepubertal and pubertal subjects

Mild BMD reduction Severe BMD reduction Normal BMD
Prepubertal subjects (%) 14 (50%) 3 (10.7%) I'1(39.3%)
Pubertal subjects (%) 19 (35.2%) 9 (16.7%) 26 (48.1%)
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Figure |
Correlation between lumbar spine Z score and
FEVI%.

than in controls and positively associated with total lean
tissue mass. Lung function parameters were significantly
associated with BMD gains during adolescence.

Our study confirms the correlation between BMD, clinical
scores, lung function and body composition seen in liter-
ature [24,26,27]; our results are similar to those of Bianchi
et al [26], but we found a lower percentage of patients
with BMD reduction (54.8% versus 66%). In particular in
our study group, the percentage of patients with severely
reduced BMD was significantly lower (14.6% versus
34%). The difference is probably due to the lower percent-
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Figure 2
Correlation between lumbar spine Z score and
Shwachman score.
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Figure 3
Correlation between lumbar spine Z score and
Crispin-Norman score.

age of patients with severe lung disease in our study group
(4.8% versus 11.7%) and to the different control group
used, as the healthy subjects were matched for height only
in our study. In contrast with our results, normal BMD
values have been reported in CF patients compared with
healthy height matched subjects [10,28]. Overall, these
discrepancies among studies are probably due to differ-
ences in sample size and composition of the study popu-
lation, and influenced by the severity of lung disease and/
or the presence of CF-related complications, the use of
steroids, comparison with a control group and data cor-
rection for body size.

In our study group anthropometric measures were not
dramatically reduced (mean BMI Z-score: -0.004 + 1.28;
mean height Z score: -0.42 + 0.96). The mean FEV1 in our
population was 84.7 + 20.5% predicted, indicating that
our CF patients had on the whole a relatively mild disease.
Lumbar spine BMD Z score showed a significant positive
correlation with fat and lean mass, confirming that bone
status is strictly related to nutrition. Furthermore, BMD Z
score was significantly reduced in the group of subjects (n
= 12) with BMI SDS <-1 in comparison with the group of
subjects with BMI SDS >-1 (-2.00 + 1.59 vs -1.04 + 1.02, p
= 0.0076). Due to the small size of the group of patients
we could not analyze the independent effect of reduced
weight and low lean mass on BMD. In our study, lumbar
spine BMD Z score is significantly reduced in CF patients,
also in prepubertal subjects (see table 3). This finding is
strongly supported by BMAD calculation and the compar-
ison of our population with a height matched control
group. These results contrast with a few studies which sug-
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Table 4: Clinical characteristics and bone status of the 12 patients with severe BMD reduction.

Patient gender age Height BMI FEVI1% Lumbar spine Lumbar spine BMAD Additional causes
Z score Z score BMD (glem?3) of BMD reduction
Z score
| female 18 -2.95 -2.30 29 -4.8 0.14 Severe bilial cirrhosis, CFRD
2 male 13 -2.42 -1.22 80.5 -4 0.12 Patient living in a developing country,
liver disease, CFRD
3 female |5 -1.75 -2.01 934 -4 0.12 Late CF diagnosis (14 yrs), celiac
disease, CFRD
4 male 10 -1.22 1.35 18 -39 0.11 Right lung exeresis at age 4
5 female I5 -2.7 0,25 84,8 -3.2 0.13 Short bowel syndrome
6 male 13 -1.1 0,11 99,3 -2,7 0,12 Poor compliance
7 male 13 0.03 -0.48 102,9 -2.5 0.12 Poor compliance
8 female Il -1.52 1.26 100 -2.3 0.12 Cow milk allergy
9 male 11 -0.24 -0.80 105.2 -2.3 0,12 Low social condition
10 female 9 +0.2 0.84 98 -2.2 0.11 No identified cause
I female 7 -1 -0.26 98.1 2.1 0. 11 No identified cause
12 male Il -0.98 -0.89 56.3 2.1 0.12 Prolonged steroid therapy for ABPA,

CFRD

CFRD = Cystic Fibrosis Related Diabetes; ABPA = Allergic BronchoPulmonary Aspergillosis

lean mass (g)

60,000

p: 0.0047 ..

Z score

Figure 4
Correlation between lumbar spine Z score and lean
mass.

fat mass(g)

p: 0.0007 30000,

20000

Figure 5
Correlation between lumbar spine Z score and fat
mass.
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gested that BMD is normal in prepubertal subjects [27]
and that bones are smaller but normally mineralized,
mostly in well nourished children [28-30]. However, we
have to take into consideration the small size of our con-
trol group, caused by the difficulty in identifying appro-
priated control subjects, especially for CF patients with
significant short stature an pubertal delay.

The mean age of our patients with normal BMD is not sta-
tistically different from the age of patients with BMD
reduction, indicating that bone mass reduction can be
present early, during childhood and adolescence, the
bone status being conditioned by nutrition and lung func-
tion in all ages. The cross-sectional structure of our study
did not permit to evaluate, over the years, whether disease
severity progressively affects bone mineral status, as
observed by others [8].

In our study group no subject had a history of fractures or
a detection of unknown vertebral fractures at plain chest
X-rays. These data confirm that the linear correlation, seen
in adults, between the severity of bone demineralization
and the risk of fractures is not evident in pediatric age.
Consequently, it should be possible to improve poor
bone status in CF children and adolescents with an appro-
priate treatment of the disease. In our study no patient
had been treated with oral steroids for more than 15 days
during the previous 2 years; however, all patients used
inhaled corticosteroids. Some authors reported a negative
association between inhaled corticosteroids and bone
mass accrual in children and adolescents with asthma [31]
but such an association is still uncertain in CF patients
[24-26]. We found no significant difference in cumulative
dosage of inhaled steroids comparing patients with severe
BMD reduction (BMD <-2) with those with BMD >-2;
however, we cannot exclude an influence of continued
inhaled steroids on bone mass reduction of our CF
patients.

The work of King et al [11] raised the possibility that
mutations in CFTR gene may be responsible, at least in
part, for low bone density in CF cohorts. The study
reported for the first time a direct link between osteoporo-
sis in CF patients and the presence of AF508 mutation. No
association was found in our population, in accordance
with other authors [24,32]; however, our data are not con-
clusive due to the small size of our series.

We did not study the vitamin D serum levels in our pop-
ulation; vitamin D deficiency is common in CF patients
but its role in bone disease is still debatable [24,33,34].

Conclusion
Our results confirm that the degree of CF severity is corre-
lated with an increased risk of low bone mineral density.

http://www.biomedcentral.com/1471-2431/9/61

A bone mass reduction can be evident early in CF. CF
patients with mild and severe BMD reduction had worse
pulmonary function, body composition and nutritional
status. In CF patients, nutritional evaluation should be
complemented by the analysis of bone status and body
composition by DXA. At this point in our understanding
of CF, maximizing patients' nutritional status, encourag-
ing and maintaining an active lifestyle, and minimizing
the progression of chronic suppurative lung disease are
essential steps to optimize an individual's potential to
attain maximal peak bone mass and thereby reduce the
risk of future fractures.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

VL and MC had primary responsibility for protocol devel-
opment, patient screening, enrollment, and contributed
to the writing of the manuscript. CB contributed to
patient screening and assessment, and to the writing of
the manuscript. FA contributed to the writing of the man-
uscript. SB, BR and GMU contributed to patient screening
and assessment. All authors read and approved the final
manuscript.

References

. Fitz Simmons SC: The changing epidemiology of cystic fibrosis.
J Pediatr 1993, 122:1-9.

2.  Dodge JA, Morison S, Lewis PA, Coles EC, Geddes D, Russell G, Lit-
tlewood |M, Scott MT: Incidence, population and survival of
cystic fibrosis in the UK, 1968-1995. Arch Dis Child 1997,
77:493-6.

3. Haworth CS, Freemont A, Webb AK, Dodd ME, Selby PL, Mawer EB,
Adams JE: Hip fracture and bone histo-morphometry in a
young adult with cystic fibrosis. Eur Respir | 1999, 14:478-9.

4. Aris RM, Merkel PA, Bachrach LK, Borowitz DS, Boyle MP, Elkin SL,
Guise TA, Hardin DS, Haworth CS, Holick ME, Joseph PM, O'Brien
K, Tullis E, Watts NB, White TB: Guide to bone health and dis-
ease in cystic fibrosis. | Clin Endocrinol Metab 2005, 90:1888-96.

5. Henderson RC, Specter BB: Kyphosis and fractures in children
and young adults with cystic fibrosis. | Pediatr 1994, 125:208-12.

6. Street ME, Spaggiari C, Ziveri MA, Volta C, Federico G, Baroncelli Gl,
Bernasconi S, Saggese G: Analysis of bone mineral density and
turnover in patients with cystic fibrosis: associations
between the IGF system and inflammatory cytokines. Horm
Res 2006, 66:162-168.

7.  Aris RM, Ontjes DA, Buell HE, Blackwood AD, Lark RK, Caminiti M,
Brown SA, Renner |B, Chalermskulrat W, Lester GE: Abnormal
bone turn over in cystic fibrosis adults. Osteoporos Int 2002,
13:151-7.

8.  Baroncelli GI, De Luca F, Magazzu G, Arrigo T, Sferlazzas C, Catena
C, Bertelloni S, Saggese G: Bone demineralisation in cystic fibro-
sis: evidence of imbalance between bone formation and deg-
radation. Pediatr Res 1997, 41:397-403.

9.  Haslam RH, Borovnicar D], Stroud DB, Strauss BJ, Bines JE: Corre-
lates of prepubertal bone mineral density in cystic fibrosis.
Arch Dis Child 2001, 85:166-71.

10. Hardin DS, Arumugam R, Seilheimer DK, LeBlanc A, Ellis K]: Normal
bone mineral density in cystic fibrosis. Arch Dis Child 2001,
84:363-8.

1. KingS), Topliss D), Kotsimbos T, Nyulasi IB, Bailey M, Ebeling PR, Wil-
son JW: Reduced bone density in cystic fibrosis: DeltaF508
mutation is an independent risk factor. Eur Respir | 2005,
25:54-61.

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8419592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9496181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9496181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10515433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10515433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15613415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15613415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8040763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8040763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11905525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11905525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9078542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9078542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9078542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11466195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11466195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15640323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15640323

BMC Pediatrics 2009, 9:61

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Bianchi ML: Osteoporosis in children and adolescents. Bone
2007, 41:486-95.

Cacciari E, Milani S, Balsamo A, Spada E, Bona G, Cavallo L, Cerutti F,
Gargantini L, Greggio N, Tonini G, Cicognani A: Italian cross-sec-
tional growth charts for height, weight and BMI (2 to 20 yr).
J Endocrinol Invest 2006, 29:581-93.

Tanner |M: Physical growth and development. In Textbook of
pediatrics Second edition. Edited by: Forfar JO, Arnell CC. Edinburgh,
Scotland: Churchill Livingstone; 1978:249-303.

Arabi A, Nabulsi M, Maalouf J, Choucair M, Khalifé H, Vieth R, El-Hajj
Fuleihan G: Bone mineral density by age, gender, pubertal
stage, and socioeconomic status in healthy Lebanese chil-
dren and adolescents. Bone 2004, 35:1169-79.

Shwachman H, Kulczycki LL: Long-term study of one hundred
five patients with cystic fibrosis; studies made over a five- to
fourteen-year period. Am J Dis Child 1958, 96:6-15.

Crispin AR, Norman AP: The systematic evaluation of the chest
radiograph in cystic fibrosis. Pediatr Radiol 1974, 2:101-5.
Conway SP, Morton AM, Oldroyd B, Truscott JG, White H, Smith
AH, Haigh I: Osteoporosis and osteopenia in adults and ado-
lescents with cystic fibrosis: prevalence and associated fac-
tors. Thorax 2000, 55:798-804.

Elkin SL, Fairney A, Burnett S, Kemp M, Kyd P, Burgess ), Compston
JE, Hodson ME: Vertebral deformities and low bone mineral
density in adults with cystic fibrosis: a cross-sectional study.
Osteoporos Int 2001, 12:366-72.

Haworth CS, Selby PL, Horrocks AW, Mawer EB, Adams JE, Webb
AK: A prospective study of change in bone mineral density
over one year in adults with cystic fibrosis. Thorax 2002,
57:719-23.

Stephenson A, Jamal S, Dowdell T, Pearce D, Corey M, Tullis E: Prev-
alence of vertebral fractures in adults with cystic fibrosis and
their relationship to bone mineral density. Chest 2006,
130:539-544.

Bhudhikanok GS, Wang MC, Marcus R, Harkins A, Moss RB, Bachrach
LK: Bone acquisition and loss in children and adults with
cystic fibrosis: a longitudinal study. | Pediatr 1998, 133:18-27.
Gronowitz E, Mellstrom D, Strandvik B: Normal annual increase
of bone mineral density during two years in patients with
cystic fibrosis. Pediatrics 2004, 114:435-42.

Conway SP, Oldroyd B, Brownlee KG, Wolfe SP, Truscott JG: A
cross-sectional study of bone mineral density in children and
adolescents attending a Cystic Fibrosis Centre. | Cystic Fibrosis
2008, 7:469-76.

Kelly A, Schall JI, Stallings VA, Zemel BS: Deficits in bone mineral
content in children and adolescents with cystic fibrosis are
related to height deficits. | Clin Densitom 2008, 11(4):581-9.
Bianchi ML, Romano G, Saraifoger S, Costantini D, Limonta C,
Colombo C: BMD and Body composition in children and
young patients affected by cystic fibrosis. | Bone Miner Res 2006,
21:388-96.

Buntain HM, Schluter PJ, Bell SC, Greer RM, Wong JC, Batch J, Lewin-
don P, Wainwright CE: Controlled longitudinal study of bone
mass accrual in children and adolescents with cystic fibrosis.
Thorax 2006, 61:146-154.

Sood M, Hambleton G, Super M, Fraser WD, Adams JE, Mughal MZ:
Bone status in cystic fibrosis. Arch Dis Child 2001, 84:516-20.
Salamoni F, Roulet M, Gudinchet F, Pilet M, Thiébaud D, Burckhardt
P: Bone mineral content in cystic fibrosis patients: correla-
tion with fat free mass. Arch Dis Child 1996, 74:314-18.

Laursen EM, Molgaard C, Michaelsen KF, Koch C, Muller J: Bone
mineral status in 134 patients with cystic fibrosis. Arch Dis
Child 1999, 81:235-40.

The Childhood Asthma Management Program Research Group:
Long-term effects of budesonide or nedocromil in children
with asthma. N Engl | Med 2000, 343:1054-63.

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

Douros K, Loukou |, Nicolaidou P, Tzonou A, Doudounakis S: Bone
mass density and associated factors in cystic fibrosis patients
of young age. | Paediatr Child Health 2008, 44(12):681-5.

Grey V, Atkinson S, Drury D, Casey L, Ferland G, Gundberg C, Lands
LC: Prevalence of low bone mass and deficiencies of vitamin

http://www.biomedcentral.com/1471-2431/9/61

D and K in pediatric patients with cystic fibrosis from 3 Cana-
dian Centers. Pediatrics 2008, 122:1014-20.

35. Colombo C, Battezzati PM, Crosignani A, Morabito A, Costantini D,
Padoan R, Giunta A: Liver disease in cystic fibrosis: a prospec-
tive study on incidence, risk factors, and outcome. Hepatology
2002, 36:1374-82.

Pre-publication history
The pre-publication history for this paper can be accessed

here:

http://www.biomedcentral.com/1471-2431/9/61/prepub

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 8 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17706477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16957405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16957405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15542043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15542043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15542043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15822331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15822331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10950902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10950902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10950902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11444084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11444084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12149534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12149534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16899856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16899856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16899856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9672505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9672505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15286227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15286227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15286227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18757221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18757221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18757221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16491286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16491286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16384878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16384878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11369574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11369574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8669931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8669931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10451397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10451397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11027739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11027739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11027739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14760157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14760157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14760157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19077069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19077069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19077069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18977981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18977981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18977981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12447862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12447862
http://www.biomedcentral.com/1471-2431/9/61/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects

	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	References
	Pre-publication history

