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Abstract
Background—Patients with cystic fibrosis
(CF) have many risk factors for reduced
bone mineral density (BMD). The aim of
this study was to determine the prevalence
of osteoporosis and osteopenia in a large
cross section of patients and to identify
risk factors.
Methods—All patients attending the re-
gional centre were invited to participate in
the study. Bone mineral density was
measured at the lumbar spine, femoral
neck, and for total body with a Lunar
DPX-L densitometer. Multiple indices of
disease severity were investigated, and
liver and thyroid function, blood calcium,
phosphate, 25-OH vitamin D, follicle
stimulating and luteinising hormone,
oestradiol, and testosterone levels were
measured. Patients completed a four day
prospective dietary diary. Exercise was
assessed by a seven day activity recall
questionnaire. Sexual development and
treatment histories were obtained. The
relationship between all these variables
and BMD measurements was analysed.
Results—Sixty six percent of 114 patients
assessed had osteopenia or osteoporosis.
The Shwachman-Kulczycki (SK) clinical
score (higher score = less severe disease)
correlated significantly with BMD at the
lumbar spine and femoral neck, and with
total body BMD (p<0.001). There was a
predicted increase of 0.0032 g/cm2 in lum-
bar spine BMD for every unit increase in
the SK score. Oral steroid use was signifi-
cantly associated with reduced BMD at
the lumbar spine (p = 0.017) and femoral
neck (p = 0.027).
Conclusions—Osteopenia and osteoporo-
sis are common findings in a heterogene-
ous population of adults with CF. Patients
at most risk are those with severe disease
and those who have used corticosteroids.
(Thorax 2000;55:798–804)
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Mean survival for patients with cystic fibrosis
(CF) in the UK has increased from approxi-
mately 18 years for those born between 1968
and 1970 to a current survival of just over 30
years of age.1 Better survival has resulted in
adult patients with lung function compatible
with lengthy survival but at risk of medical
complications that threaten longevity and

quality of life. Patients with CF have multiple
risk factors for inadequate bone
mineralisation—for example, poor nutrition,
pancreatic insuYciency and malabsorption,
calcium and vitamin D deficiency, reduced
weight bearing activity, delayed puberty, hy-
pogonadism, diabetes mellitus, and chronic
infection. Osteoporosis increases the risk of
fracture 2–3-fold for each standard deviation
fall in the bone mineral density (BMD) below
the mean for a healthy population of the same
age.2 Fractures in patients with CF result in
pain and disability. Structural chest wall
changes following vertebral and rib fractures
may result in an accelerated decline in lung
function.

In 1979 Mischler documented the first
evidence for reduced BMD in patients with CF
using direct photon absorptiometry.3 Twelve
(44%) of 27 patients aged 5–24 years showed
significant deficiency. Other studies have con-
firmed osteopenia and osteoporosis to be
common,4–10 especially in adults with severe
disease.11–14 Only one other paper has addressed
the problem of inadequate bone mineralisation
in a large unselected group of adult patients
with CF,15 documenting a significant reduction
in BMD in 34% of patients. Inadequate bone
mineralisation was related to markers of
disease severity and less physical activity. The
aim of this study was to assess the prevalence of
osteoporosis and osteopenia in a large hetero-
geneous population of adults and adolescents
with CF and to assess the aetiological
importance of possible risk factors. Our study,
temporally overlapping with that of Haworth et
al15 and comprising a similar group of patients
in the north of England, expands our under-
standing of osteoporosis and osteopenia in
adults with CF.

Methods
SUBJECTS

Patients at the regional adult CF centre were
invited to participate in the study. There were
no special selection criteria. CF had been con-
firmed by identification of two CF gene muta-
tions or by two diagnostic sweat tests. Patients
were asked if they had ever sustained a fracture
and, if so, details of these were recorded. Ado-
lescents were defined as those aged 16–19.9
years and adults as 20 years of age or over.

One hundred and fourteen patients (53
male) were assessed (table 1). Height, weight,
and body mass index (BMI) for the adolescents
were compared with the 1990 British reference
values16 17 and expressed as standard deviation
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scores. Sixty six patients (58%) were homo-
zygous and 36 (31%) heterozygous for the
delta F508 mutation. Forty (35%) had
diabetes mellitus and 61 (54%) had CF associ-
ated liver disease as shown by abnormal liver
ultrasound findings and/or persistently raised
alkaline phosphatase or alanine transaminase
values. One hundred and two patients (89%)
were chronically infected with Pseudomonas
aeruginosa and 11 (10%) with Burkholderia
cepacia.

Patients were described in terms of their
clinical status, BMI, percentage predicted
value of the forced expiratory volume in one
second (FEV1), forced vital capacity (FVC),
and the average forced expiratory flow rate over
the middle 50% of the FVC (FEF25–75%), mean
number of intravenous antibiotic treatments
per year over the previous five years, the
Shwachman-Kulczycki (SK) clinical score,18

and the Northern chest radiography score.19

The maximum SK score is 100, with a higher
score indicating better health. Median values
were 70 (range 40–100) for the SK score, 12
(range 0–19) for the Northern score, 20.2
(range 15.5–26.9) for BMI, 47% predicted
normal (range 13–101%) for FEV1, 66%
predicted normal (range 10–109%) for FVC,
and 18% predicted normal (range 1–115%) for
FEF25–75%.

STUDY DESIGN

BMD (g/cm2) measurements were made at the
following sites: lumbar spine (L2–L4), right
femoral neck, and total body using a Lunar
DPX-L densitometer (Lunar Corporation,
Madison, WI, USA). All scan files were
analysed using software version 1.34. To
estimate the influence of bone size, bone min-
eral apparent density (BMAD, g/cm3)20 was
measured in the adolescents at the lumbar
spine.

Lateral chest radiographs were requested on
a sample of patients and the degree of thoracic
vertebral wedging calculated by expressing the
diVerence in the anterior and posterior verte-
bral heights as a percentage of the latter.5

Blood was sampled for measurement of liver
function tests, calcium, phosphate, 25-OH
vitamin D, follicle stimulating hormone
(FSH), luteinising hormone (LH), oestradiol
(women), testosterone (men), and thyroid
function. Sexual maturation on examination
was described as stage 1 to stage 5, pre-
adolescent to maturity. Women were asked
about their age at menarche, their menstrual

cycle, and if they had any history of secondary
amenorrhoea. Details of treatment with oral or
inhaled corticosteroids and the oral contracep-
tive pill were noted.

All patients were asked to complete a four
day prospective unweighed diet and enzyme
diary with one day during the weekend.
Patients received verbal instructions before
completing the diary. A standardised booklet
was used. Mean daily intake of energy, protein,
fibre, phosphorus, and calcium was calculated
from completed records on computer using the
Microdiet Program (University of Salford,
UK). Results were expressed as a percentage of
the estimated average requirement (EAR) or
reference nutrient intake (RNI) standardised
for age and sex. Daily lipase intake per kg of
body weight was calculated.

Exercise was assessed by a seven day activity
recall questionnaire.21 All patients were inter-
viewed by one of the researchers (SPC) and
activities classified by MET values. One MET
is the energy expended by a person at rest
(3.5 ml O2/kg/min).

ANALYSIS OF BMD

The WHO diagnostic classifications for oste-
oporosis and osteopenia established in women
were used. Normal BMD is within 1SD of the
young adult reference mean value. Osteopenia
has BMD values between 1SD and 2.5SD and
osteoporosis values are 2.5SD or more below
the young normal adult mean.

Comparison of patient BMD values were
made with a normal reference population by
conversion to a T score: the sex specific mean
BMD of the young normal reference popula-
tion was subtracted from the patients BMD
value and this figure was divided by the stand-
ard deviation of the mean BMD of the young
normal reference population. In this study a
local reference population was used for the
adult female lumbar spine and femoral neck,22

the manufacturer’s UK reference range was
used for total body. For adult men the
manufacturer’s reference ranges for UK men
were used. For the adolescents, in the absence
of a UK adolescent reference range derived on
a Lunar densitometer, the manufacturer’s USA
Caucasian adolescent reference range was used
and for BMAD of the lumbar spine a Dutch
reference population was used.23 T scores
based on mean data from 20–40 year old sub-
jects rather than age matched Z scores were
used for comparison since the WHO defini-
tions for osteopenia and osteoporosis are based
on these values. The mean age of the
adolescent group was over 18 years and young
normal data start at 20 years.

STATISTICAL ANALYSIS

The univariate relationships between bone
density measurements (lumbar spine and
femoral neck BMD, total body bone mineral
density (TBBMD), and total body bone
mineral content (TBBMC)) and the dichoto-
mous variables were assessed using the Mann-
Whitney U test. Relationships between the
bone density measurements and the continu-
ous variables were assessed by testing the

Table 1 Patient characteristics of study groups

Adolescents Adults

Females (n=21) Males (n=16) Females (n=40) Males (n=37)

Age (years) 18.4 (1.0) 18.7 (0.8) 28.2 (5.7) 26.6 (5.6)
Height (cm) 159.8 (6.4) 164.4 (7.9) 161.1 (6.3) 172.3 (6.8)
Weight (kg) 47.8 (6.4) 56.6 (7.3) 52.3 (8.0) 61.4 (9.3)
BMI (kg/m2) 18.7 (2.1) 19.5 (2.9) 20.0 (2.1) 20.6 (2.4)
SDS—height –0.6(1.1)* –1.0(0.7)**
SDS—weight –1.5(1.1)** –1.5(1.1)**
SDS—BMI –1.25(1.1)** –1.1(1.6)*

BMI = body mass index; SDS = standard deviation score.
Values are mean (SD).
*p = 0.01, **p<0.001 significantly diVerent from zero.
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significance of the Spearman rank correlation
coeYcient. A significant association was de-
fined by a value of p<0.05. The bone measure-
ments were then modelled using multiple
linear regression to determine which of the sig-
nificantly associated variables predicted bone
mineral measurements whilst allowing for the
eVects of the others. In particular, age category
(above or below 20 years of age) and sex were
included in all of the models. For the main
analysis backward elimination was used, mod-
elling the largest possible patient group at each
step and then rejecting the least significant pre-

dictors. Interactions between significant main
eVects and each of sex and age group were also
assessed.

Results
The distribution of the sex specific T scores at
the three measurement sites are shown in figs 1
and 2. The T scores at all sites were
significantly reduced (p = 0.01–0.001). The
greatest deficits were observed with the BMD
derived T scores at the lumbar spine independ-
ent of sex. The mean (SE) femoral neck BMD
of male adolescents was 1.023 (0.1) with a T
score of –1.13 (1.2) while the corresponding
values for adult males were 0.99 (0.17) and
–0.56 (1.3). This anomaly may reflect low sub-
ject numbers in the male femoral neck adoles-
cent reference age range used in this study.
BMAD T scores in the adolescent lumbar
spine were reduced for both men (–0.79 (1.0))
and women (–0.69 (0.8)). BMD T scores at the
same site in these patients were –1.57 (1.1) and
–1.31 (1.3), respectively. Male adolescent and
adult TBBMC values were 2422 (251) g and
2545 (463) g, respectively; the corresponding
values for women were 1909 (357) g and 2052
(300) g.

Twenty nine men (55%) and 26 women
(43%) had osteopenia. Thirteen men (25%)
and eight women (13%) had osteoporosis at
one or more sites, with men having a slightly
higher prevalence of osteoporosis at all sites.
The prevalence at all three sites in adolescents
and adults was similar for both females (57%,
38%, 50% compared with 54%, 38%, 29%)
and males (71%, 56%, 47% compared with
62%, 40%, 46%). A comparison of the
prevalence of osteopenia and osteoporosis
derived from BMD and BMAD for the adoles-
cent lumbar spine site indicated a higher
prevalence for BMD (67% versus 44%).

Univariate analysis allowing for age and sex
showed no significant association between
BMD measurements and genotype, presence
or absence of diabetes mellitus or liver disease,
age at menarche or use of the oral contracep-
tive pill, length of treatment with inhaled
corticosteroids, 25-OH vitamin D level, cal-
cium, phosphate, energy or protein intake. A
significant relationship (p<0.05) was found
between all BMD measurements and indices of
disease severity: SK and Northern chest radio-
graphic scores, BMI, % predicted FEV1, FVC,
and FEF25–75%, and the number of intravenous
antibiotic treatments in the last five years (table
2). Reduced BMD was associated with more
severe disease. Greater daily physical activity as
estimated by the METS score was significantly
associated with greater femoral neck BMD,
TBBMD, and TBBMC.

Eighteen (16%) and 50 (44%) patients had
received oral or inhaled corticosteroids, respec-
tively, at some time. Median lengths of
treatment were 17 months (oral) and 24
months (inhaled). Oral corticosteroid use and
length of treatment were associated with
reduced BMD in the lumbar spine and femoral
neck, and use of inhaled corticosteroids was
associated with decreased lumbar spine BMD,
TBBMD, and TBBMC. When the steroid user

Figure 1 Distribution of mean (SE) sex specific CF adolescent T scores at the three
measurement sites.
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Figure 2 Distribution of mean (SE) sex specific CF adult T scores at the three
measurement sites.
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Table 2 Spearman correlation coeYcients between BMD at various sites with percentage
predicted indices of disease severity

SK score BMI FEV1 FVC FEF CXR IV

Lumbar spine 0.37 0.37 0.29* 0.32 0.28* –0.27** –0.42
Femoral neck 0.51 0.28* 0.29* 0.35 0.35 –0.38 –0.34
Total body 0.53 0.48 0.40 0.38 0.41 –0.41 –0.50

All p<0.001 except *p<0.005, **p<0.01.
SK score = Shwachman-Kulczycki clinical score; BMI = body mass index; FEV1 = forced expira-
tory volume in one second; FVC = forced vital capacity; FEF = forced expiratory flow rate; CXR
= Northern chest radiography score; IV = number of intravenous antibiotic treatments in the pre-
vious five years.
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groups (inhaled and oral) were combined and
compared with the non-steroid groups, the
prevalence of osteopenia at the lumbar spine
site was identical (45%). However, there was a
greater prevalence of osteoporosis in the
steroid group (26% versus 7%). There was a
significant diVerence (p<0.0004) between the
T scores at the lumbar spine of the steroid
groups compared with the non-steroid groups
(fig 3).

Multiple regression analysis showed that dis-
ease severity and corticosteroid use were good
predictors of BMD (tables 3–6). All clinical
indices of the former were good predictors in
their own right but were highly correlated. The
SK score explained most of the variation
resulting from these indices. As expected from
the diVerences in body size, female sex was sig-
nificantly associated with lower TBBMD and
TBBMC, but nonetheless predicted higher
BMD at the lumbar spine. There was no
significant eVect of sex on BMD at the femoral
neck. The model for TBBMC showed a
positive association with a higher dietary fibre
intake.

Age group was not significant for any of the
final models. No interactions were found to be
significant for lumbar spine BMD, femoral
neck BMD, or TBBMC. The interaction
between sex and inhaled corticosteroid was
significant for TBBMD (table 5). Men on
inhaled corticosteroid treatment tended to
have lower levels of TBBMD, whereas for
women there was little eVect of inhaled
corticosteroids.

The percentage of thoracic vertebral wedg-
ing was assessed in 66 patients. Seventeen
(26%) had 20% or more wedging of at least
one thoracic vertebrae. Six of these had osteo-
penia and five had osteoporosis.

All patients were fully sexually mature on
examination and there were no abnormalities
in FSH, LH, or oestradiol levels. Four men,
two with osteopenia and one with osteoporosis,
had low testosterone levels with normal levels
of gonadotrophic stimulating hormones. Me-
dian age at menarche was 14 years (range
9–18). Nine women (15%) reported episodes
of secondary amenorrhoea of two months or
more. Twenty one women had taken an oral
contraceptive pill for a median of four years
(range 3 months to 9 years).

Analysis of the four day dietary intake
showed the following median, minimum and
maximum values: energy 123% EAR (56–
252%), protein 214% RNI (101–464%), fibre
10.5 g/day (1.3–47.3 g), phosphate 284% RNI
(101–609%), calcium 175% RNI (54–369%),
percentage total energy from protein 15.3%
(9.2–24.9%). Mean lipase intake was 6500
units/kg body weight/day. None of 98 patients
in whom vitamin D was measured had levels
below the lower limit of the normal range. The
mean vitamin D level was 18 ng/ml (range
3–41). However, 39.8% had vitamin D insuY-
ciency with levels of <15 ng/ml.24 Three
patients had low blood calcium levels, one with
osteoporosis and two with osteopenia. Four
other patients, two with osteopenia, had low
blood phosphate levels. Seventeen patients
(15%), 14 of whom had osteopenia or
osteoporosis, had a history of traumatic
fracture.

Discussion
Reduced BMD is common in adult patients
with CF; 79% of 53 men and 56% of 61
women in this study had osteopenia or
osteoporosis at one or more sites. Previous

Figure 3 Distribution of mean (SE) sex specific CF adult/adolescent T scores at the
lumbar spine (L2–L4) grouped by corticosteroid use.
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Table 3 Multiple regression analysis for lumbar spine BMD

Variable CoeYcient b
Standard error
(SE(b)) p value

Lower
95% CL

Upper
95% CL

Intercept 0.587 0.114 <0.0001 0.360 0.814
Sex (F vs M) 0.074 0.026 0.005 0.023 0.126
Age 20+ 0.020 0.026 0.439 –0.032 0.072
SK score 0.0032 0.00095 0.001 0.0013 0.005
BMI 0.012 0.006 0.036 0.001 0.024
No. IV antibiotic treatments –0.014 0.007 0.045 –0.027 0.000
Oral steroids –0.082 0.034 0.017 –0.149 –0.015

SK score = Shwachman-Kulczycki clinical score; BMI = body mass index; CL = confidence limit.
96 patients had complete data on these variables.
Adjusted R2 = 0.33; residual standard error = 0.113.

Table 4 Multiple regression analysis for femoral neck BMD

Variable CoeYcient b
Standard error
(SE(b)) p value

Lower
95% CL

Upper
95% CL

Intercept 0.611 0.072 <0.0001 0.469 0.754
Sex (F vs M) –0.012 0.026 0.647 –0.064 0.040
Age 20+ –0.012 0.026 0.650 –0.064 0.040
SK score 0.0055 0.009 <0.0001 0.0038 0.0073
Oral steroids –0.078 0.035 0.027 –0.147 –0.009

SK score = Shwachman-Kulczycki clinical score; CL = confidence limit.
100 patients had complete data on these variables.
Adjusted R2 = 0.32; residual standard error = 0.123.

Table 5 Multiple regression analysis for total body bone mineral density (TBBMD)

Variable CoeYcient b
Standard error
(SE(b)) p value

Lower
95% CL

Upper
95% CL

Intercept 0.783 0.0066 <0.0001 0.651 0.914
Sex (F vs M) –0.050 0.021 0.018 –0.092 –0.009
Age 20+ 0.030 0.016 0.071 –0.003 0.062
SK score 0.0025 0.0006 0.0002 0.0012 0.0037
BMI 0.0084 0.0037 0.024 0.0011 0.0157
Inhaled steroids (men) –0.070 0.021 0.002 –0.112 –0.027
Inhaled steroids (women) –0.010 0.021 0.643 –0.051 –0.032

SK score = Shwachman-Kulczycki clinical score; BMI = body mass index; CL = confidence limit.
97 patients had complete data on these variables.
Adjusted R2 = 0.47; residual standard error = 0.0703.
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studies have also reported more osteoporosis in
men than in women.4 7

Haworth et al15 found BMD significantly
lower in men in a large unselected population
of adults with CF despite the men and women
having comparable lung disease and nutritional
indices and there being no evidence of male
hypogonadism. Mean (SD) SK clinical scores
in our patients showed the men to be
significantly healthier (adolescent scores of 78
(13) and 68 (15) in men and women,
respectively (p<0.05) and adult scores of 75
(15) and 66 (14), respectively (p<0.001)).
Only four men had low testosterone levels. The
sex diVerence in BMD is not understood but
may be partly explained by the higher early
mortality rate in women1 which removes the
most severely aVected female patients from the
study population.

The BMD measurement is an areal derived
density and does not correct for the anterior-
posterior dimension of the bone and may lead
in subjects with reduced body size, such as
patients with CF, to a falsely low interpretation
of BMD.25 BMAD measurements take account
of bone size. However, the BMAD derived T
score for the lumbar spine in the adolescents
was also significantly reduced (–0.79 in men
and –0.69 in women) and 44% had osteopenia
or osteoporosis according to WHO criteria for
BMD measurements. Currently no such crite-
ria exist for the interpretation of BMAD calcu-
lations. Haworth et al15 documented similar
BMD changes when patients were scanned by
DXA or quantitative computed tomography, a
volumetric measure of BMD. The smaller body
size of patients with CF does not appear to
exert a significant eVect.

Univariate and multiple regression analysis
showed increased disease severity and cortico-
steroid treatment as significant risk factors for
inadequate BMD. Variable indices of nutri-
tional and respiratory well being, as well as the
overall SK score, all correlated significantly
with BMD measurements. TBBMD showed
the best correlation with all measures of clinical
severity (table 2). This may be the best
measurement to consider when investigating
the eVects of disease severity on bone mineral
status.

Although a few studies have found no
relationship between BMD status and respira-
tory function tests,6 13–14 SK score,6 26 or chest
radiographic score,26 the papers by Aris and
Donovan13 14 were restricted to severely com-
promised patients with a narrow range of

respiratory function. Disease severity has
shown important associations with reduced
BMD when the former was assessed by
respiratory function,9 10 SK score,4 7 8 27 chest
radiographic scores,7 9 demand for antibiotic
treatment, or BMI status.5 6 8 10 14 27

Baroncelli et al showed a marked reduction
in TBBMC in young adults compared with
prepubertal patients, suggesting that disease
severity progressively aVects bone mineral
status.7 The only other study in a large
heterogenous adult CF population15 impor-
tantly found a clear relationship between BMD
and disease severity. Our data highlight this
close association. Eradication protocols for
early Pseudomonas aeruginosa infection,28 inten-
sive treatment of respiratory infection, mainte-
nance of lung function, and achievement of
normal growth through frequent contact with
specialist dietetic services from the time of
diagnosis are all essential if we are to avoid
early osteoporosis in these patients.

The prevalence of osteoporosis in the
corticosteroid user group was 26% compared
with 7% in the non-user group. Oral cortico-
steroid use was independently associated with
decreased BMD in the lumbar spine and
femoral neck, and inhaled corticosteroids with
low TBBMD. Previous studies have shown
inconsistencies in their conclusions about the
aetiological importance of corticosteroid use in
CF associated osteopenia and osteoporosis. No
association6 9 13 and significant corticosteroid
eVects8 27 have been reported. Patients receiv-
ing corticosteroids have shown less annual gain
in BMD,27 less bone formation, and an
increased vertebral fracture rate.12 Our study
on data from a large number of adult patients
emphasises the danger of widespread cortico-
steroid use in the care of patients with CF.
Although possibly relieving immediate respira-
tory discomfort, such treatment significantly
increases the risk of later osteoporosis and its
attendant problems. It should only be pre-
scribed long term if of proven benefit to the
individual.

Multiple risk factors put patients with CF at
risk of developing osteopenia and osteoporosis.
Children with CF may fail to reach their peak
bone mass,3 4 8 9 and the recognition that osteo-
penia is common at all ages suggests that both
inadequate bone mineral accretion as well as
increased bone loss are important aetiological
factors. Our results support this. We found no
significant diVerences in sex specific TBBMD
between adult and adolescent patients, suggest-
ing that the latter group had already almost
achieved their peak TBBMC. There was a
similar prevalence of low BMD in both age
groups.

Delayed puberty may interfere with peak
bone mineral accretion,8 14 and hypogonadism
in adult patients may cause accelerated bone
loss.6 8 All patients in this study were sexually
mature on clinical examination. No significant
correlation was found between BMD and age
at menarche. Only 15% of women reported
amenorrhoea of two months or more, and there
was no biochemical evidence of primary or
secondary hypogonadism except for four men

Table 6 Multiple regression analysis for total body bone mineral content (TBBMC)

Variable CoeYcient b
Standard error
(SE(b)) p value

Lower
95% CL

Upper
95% CL

Intercept 53 477 0.912 –899 1005
Sex (F vs M) –369 71 <0.0001 –511 –227
Age 20+ 65.6 78.2 0.405 –90.6 221.7
Diabetes mellitus –277 77 0.001 –431 –122
SK score 10.7 3.8 0.006 3.2 18.3
BMI 51.7 17.7 0.005 16.5 87.0
Northern score 41.2 14.5 0.006 12.3 70.2
Fibre intake 12.5 5.5 0.027 1.4 23.5

SK score = Shwachman-Kulczycki clinical score; BMI = body mass index; CL = confidence limit.
76 patients had complete data on these variables.
Adjusted R2 = 0.61; residual standard error = 279.
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with low testosterone but normal FSH and LH
levels. Low testosterone levels have been
reported by others6 8 14 and should be measured
in all patients with reduced BMD.

Physical activity has been reported both as
having little predictive value for bone mineral
status5 8 and as being of some importance.15 27

We found a significant association between
physical activity calculated according to the
previous week’s level and femoral neck BMD,
TBBMD, and TBBMC on univariate analysis,
but no significant association on further multi-
ple regression analysis after allowing for disease
severity and corticosteroid treatment. Accurate
assessment is, however, diYcult. Activity will
vary considerably according to how the patient
feels at any particular time. Recall, even over
one week, can be diYcult and any single week
is likely to be unrepresentative of true overall
activity levels. Children with CF should none-
theless be encouraged to take regular weight
bearing exercise where their bone health
permits, as osteoporosis in the general popula-
tion has been associated with reduced activity
levels.

Patients attending a CF centre will have
regular and frequent contact with the specialist
dietitian and it is not surprising that median
dietary intake was in excess of the EAR and
RNI. Multiple regression analysis showed a
higher fibre intake independently associated
with greater TBBMC. We believe the fibre
intake (which showed a positive correlation
with phosphate, calcium, energy and protein
intake, and with BMI) is a marker of better
overall nutrition. Calcium and phosphate levels
were normal in all but seven patients. Although
no patient had frank vitamin D deficiency, 40%
had insuYcient blood levels, a figure very simi-
lar to the 38% found by Haworth et al.15 In both
groups of patients standard vitamin D supple-
mentation is practised, approximately 800 IU
daily adjusted according to serum levels. Inad-
equate sunlight exposure may be a significant
factor.15 Patients with levels within the normal
range but still recognised as insuYcient24

should be considered for increased supple-
ments and receive advice about exposure to
sunlight. Neither dietary intake of protein, cal-
cium, or phosphate, nor vitamin D levels had
any association with BMD status. Even where
low vitamin D levels have been found, they
have not correlated significantly with
BMD.8 14 15

With the average age of death for patients
now at just over 30 years of age1 and life
expectancy for today’s children with CF
predicted to be over 45 years,28 the impact of a
widespread reduction in BMD is likely to be
realised in adult patients suVering osteoporotic
fractures and exaggerated respiratory diYcul-
ties from the pain, debilitation, and chest wall
deformities consequent upon thoracic verte-
bral body collapse. Seventeen (26%) of the 66
patients in whom vertebral body wedging was
assessed had pronounced anterior collapse.
Eleven of these 17 patients had significantly
reduced BMD. Grey reported a similar inci-
dence in 31% of 16 New Zealand patients.5

Fourteen of 17 study patients who reported
a history of fracture had osteopenia or
osteoporosis. Although some studies report a
low fracture rate,6 29 patients with CF are at an
increased risk.7–9 14 15 The heightened incidence
of fracture is particularly seen in patients with
severe CF awaiting lung transplantation.13 The
varying histories may reflect diVerent composi-
tions of the populations studied (more or less
severely aVected patients), the eVects of diVer-
ent lifestyles (more or less physical activity),
chance, or accuracy of recall. Overall, the data
suggest that, with a growing number of middle
aged patients with CF, we are likely to see more
osteoporosis dependent clinical problems.

In conclusion, most patients attending an
adult CF centre showed a significant deficiency
in bone mineralisation. These patients are at
risk of fracture from minimal trauma. We have
shown pronounced anterior vertebral collapse
in 26% of 66 patients investigated for this
potential complication. Rib and thoracic verte-
bral compression fractures are likely to impair
cough eYciency and the ability to perform
chest physiotherapy, potentially accelerating
respiratory decline.

We have documented a clear relationship
between reduced BMD and corticosteroid use
and recommend judicious use of corticosteroid
therapy. We have emphasised the relationship
between low BMD and disease severity. In the
absence of proven treatment for osteopenia in
CF, early, continued, and intensive treatments
to eradicate or minimise respiratory tract
infection appear to be the optimal means avail-
able to reduce bone mineral losses. Our results
show TBBMD to correlate best with markers
of disease severity and we recommend that fur-
ther studies examining the eVects of CF
pathology on bone status should include this
measurement.

Adult patients with CF show a high preva-
lence of vitamin D insuYciency. Approaches to
reverse this inadequacy should be further
explored. Almost all bone mineral is accrued by
the end of adolescence.30 31 The bone studies in
our adolescent population showed insuYcient
bone mineral accretion. Research should also
be directed at developing treatment protocols
that allow children with CF to achieve normal
bone mineral deposition.
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