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Table 2 Mean (SD) calcium and calcium related biochemical results in patients with cystic

fibrosis
Patients with Normal range
cystic fibrosis
Serum
Total calcium (mmol/1) 2:33 (0-07) 2:10-2-55
Ionised calcium (mmol/l) 1:24 (0-03) 1-17-1-28
Parathyroid hormone (pmol/l) 2:5(1-1) 1-5
25-hydroxyvitamin D (ug/l) 18:0 (7-4) 14-76
1,25-dihydroxyvitamin D (ng/l) 43-3 (12) 18-62
Urine
24 hour calcium (mmol/day) 366 (2-2) 2:5-7-5
Hydroxyproline/creatinine (umol/mmol) 36 (19) <30

Figure 3 Total body
BMD of patients with
cystic fibrosis expressed as a
percentage of the normal
young adult mean value
plotted against body mass
index (BMI).

Figure 4 Femoral neck
BMD of patients with
cystic fibrosis expressed as a
percentage of the normal
young adult mean value
plotted against disease
severity.

lower in the patients with cystic fibrosis than
in normal subjects (mean reduction 14%,
p < 0-001).

Table 2 details results of calcium and cal-
citropic hormone measurements performed in
the patients with cystic fibrosis. Five had lev-
els of 25-hydroxyvitamin D below the normal
adult range; none had serum calcium or
parathyroid hormone levels outside the nor-
mal range. Urinary hydroxyproline excretion
(range 36—60 umol/mmol creatinine) was
raised in 50% of the patients. Vitamin A and
E levels were normal in 15 of the 16 subjects
with cystic fibrosis.

Correlation coefficients were calculated
between percentage normal BMD at each site
and a number of lifestyle, anthropometric,
and biochemical variables. BMI correlated
positively with total body BMD (r = 0-64,
p < 0-02; fig 3) and with BMD at the three
femoral sites (femoral neck r=0-56,
p < 0:05; trochanter r = 0-64, p < 0-02; and
Ward’s triangle r = 0-51, p < 0-05). Disease
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severity correlated inversely with BMD at the
femoral neck (r = -0-52, p < 0-05; fig 4) and
trochanter (r=-0-57, p <0-05). Multple
regression analyses were performed with BMI
and disease severity as the independent vari-
ables, and either trochanteric or femoral neck
BMD as the dependent variable. At each site
the regression was significant (p < 0-01 and
p <0:05 for trochanter and femoral neck,
respectively) and the two independent vari-
ables had a similar influence on BMD.

Other postulated influences on BMD such
as dietary calcium intake and physical activity
were not correlated with BMD. Adjustment
of BMD for body weight resulted in serum
albumin being significantly correlated with
BMD at the Ilumbar spine (r=0-54,
p<0-05) and Ward’s triangle (r=0-52,
p < 0-05), but did not reveal any other signif-
icant associations.

Review of lateral chest radiographs of the
subjects with cystic fibrosis revealed that 31%
(five of 16) exhibited greater than 20% wedg-
ing of at least one thoracic vertebra. Four of
these five subjects had a spinal BMD value
more than one standard deviation below the
mean for normal young adults.

Discussion

This study has shown that adult patients with
cystic fibrosis have reduced bone density at
all the sites assessed, 69% and 44% of the
subjects having reductions of greater than one
standard deviation in spinal and femoral neck
BMD, respectively. Individual site reduction
of BMD of one standard deviation confers a
relative risk of fracture of 2-2 at the lumbar
spine,!? and an estimated 30% lifetime risk of
femoral neck fracture.!> Reduction of spinal
and femoral neck BMD of greater than two
standard deviations was seen in 38% and
19% of the patients respectively, placing these
individuals at substantially greater risk of
fracture.

BMI correlated positively, and disease
severity correlated negatively, with BMD.
The positive relationship with BMI is consis-
tent with the findings of Gibbens ez al who
reported that skinfold thickness and forearm
circumference were predictive of spinal BMD
in children with cystic fibrosis.* Body weight
has previously been shown to be closely relat-
ed to BMD in normal men'* and women.!®
The negative effect of disease severity may in
part be mediated by its effects on body
weight, as chronic severe pulmonary and pan-
creatic disease leads to greater degrees of
malnutrition. Multiple regression analysis,
however, suggested that disease severity and
BMI had independent influences on BMD. It
is possible that cytokines produced in
response to persisting sepsis may account for
the influence of disease severity. Levels of
tumour necrosis factor a, which increases
bone resorption,'® are persistently raised in
patients with cystic fibrosis, perhaps generat-
ed in response to pulmonary colonisation by
Pseudomonas aeruginosa.'’

Several other potential mechanisms for the
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osteopenia in these patients were not support-
ed by the correlation analyses reported here-
in. Delayed attainment of adult levels of sex
hormones has been reported in cystic
fibrosis,'’® and sex hormone deficiency is
known to be associated with reduced trabecu-
lar and cortical bone mass in both young
women'® and young men.? We found no rela-
tionship between sex hormone levels and
BMD in the patients with cystic fibrosis. The
reduction in spinal BMD in children with
cystic fibrosis also suggests that factors other
than sex hormones are important.* We found
lowered 25-hydroxyvitamin D levels in these
patients, as have others,'* but there was no
correlation between levels of this vitamin D
metabolite and BMD. Serum calcium levels
have been noted to be lower, and immuno-
reactive parathyroid hormone levels higher, in
patients with cystic fibrosis than in normal
subjects,’ leading to speculation that such
abnormalities may contribute to the reduced
bone mass of patients with cystic fibrosis.
These indices were, however, normal in our
subjects.

The clinical significance of these findings
remains to be determined. Osteopenia and
the resulting vertebral deformities are likely to
contribute to the back pain which has been
reported in 94% of patients with cystic fibro-
sis and which interferes with their work, exer-
cise, coughing, and chest physiotherapy.?
Limitations of physiotherapy techniques are
known potentially to compromise respiratory
function.?? Osteoporosis is also a common
complication of organ transplantation?>? and
pre-existing bone disease may render patients
with cystic fibrosis undergoing lung trans-
plantation at a significantly higher risk of frac-
tures.

At present therapeutic modalities for young
adults with osteoporosis are limited, but new
agents, particularly the expanding bisphos-
phonate class of drugs, show promise in its
treatment.”’” As more patients with cystic
fibrosis live into the third decade and beyond,
with or without organ transplantation, the
assessment and treatment of osteoporosis
may need to become an integral part of the
management of this multisystem disease.
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