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Abstract
Summary Patients with cystic fibrosis awaiting lung transplantation for end-stage respiratory failure have high prevalence of
reduced bone mineral density and fragility fracture. Suboptimal 25-hydroxyvitamin D levels could significantly contribute to the
development of cystic fibrosis-related bone disease.
Introduction The assessment of the prevalence of cystic fibrosis-related bone disease (CFBD) and its associated risk factors in
young adults with cystic fibrosis (CF) awaiting lung transplantation for end-stage respiratory failure.
Methods Clinical characteristics, bone mineral density (BMD), the parameters of calcium metabolism, including vitamin D
(25OHVitD) levels, and the presence of fragility fractures were evaluated in 42 CF patients (24 females, age 34.0 ± 8.4 years)
consecutively referred as lung transplant candidates.
Results Mean 25OHVitD levels (54.9 ± 26.2 nmol/L) were below the reference range and hypovitaminosis D (25OHVitD <
75 nmol/L) was found in 34 patients (81%) and daily calcium intakes (median 550 mg/day) were lower than recommended. A
BMD below the expected range for age (Z-score of − 2.0 or lower) and at least one prevalent fragility fracture were found in 22
patients (52.4%) and 18 patients (45.2%), respectively. The coexistence of lowBMD and the presence of fracture was observed in
13 patients (31.0%). In these patients, the prevalence of nephrolithiasis was higher than in the remaining ones (p = 0.046). The
presence of kidney stones was associated with a worse bone status and with severe vitamin D deficiency. In the whole sample,
femoral BMD Z-scores were directly correlated with albumin-adjusted calcium (p < 0.05) and 25OHVitD levels (p < 0.01).
Conclusions Despite the improvement of CF care, CFBD is still highly prevalent in young adults awaiting lung transplantation
for end-stage CF. Suboptimal 25OHVitD levels could significantly contribute to the development of CFBD. The presence of
nephrolithiasis could be an additional warning about the need for a careful evaluation of bone health in CF patients.
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Introduction

Cystic fibrosis (CF) is an autosomal recessive genetic disease
caused by a mutation of the gene encoding the cystic fibrosis
transmembrane conductance regulator (CFTR), a chloride-
conducting transmembrane channel which regulates anion
transport and mucociliary clearance in the airways [1]. The
CFTR dysfunction results in comorbidities involving the pan-
creas (malabsorption due to exocrine pancreatic insufficiency
and CF-related diabetes, CFRD), liver (biliary cirrhosis), gut
(distal intestinal obstruction syndrome), reproductive system
(male infertility), and, finally, lung (bronchiectasis, small air-
ways obstruction, and progressive respiratory failure) [1]. In
particular, nowadays, end-stage respiratory insufficiency is
the most frequent cause of death in CF patients. However,
the early diagnosis through newborn screening and the
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improvement of multidisciplinary CF care, included the refer-
ral to lung transplantation, have led to a progressive increase
of themedian age of survival of CF patients [2]. This improve-
ment of life expectancy, which reached 45 years of age in
2016 [3], has dramatically brought out new complications of
the disorder, like the CF-related bone disease (CFBD) [4].
Indeed, it is now widely acknowledged that adult CF patients
are at increased risk of low bone mineral density (BMD) and
of fragility fractures, particularly at the spine [5]. This bone
damage is due to the combination of a low peak bone mass in
adolescence and a subsequent premature bone loss during
adulthood. The CFBD pathogenesis is multifactorial, includ-
ing malnutrition and malabsorption, poor growth, sex steroid
deficiency and delayed puberty, vitamin D and K insufficien-
cy, lack of weight-bearing exercise, CFRD, glucocorticoid
(GC) treatment, and recurrent respiratory infections [4]. With
specific regard to lung involvement, the prevalence of CFBD
appears to increase with the severity of pulmonary disease [6].
Thus, it is not surprising that CFBD is becoming a more and
more significant matter of concern in end-stage CF patients, in
whom the worsening of kyphosis and the chest pain caused by
vertebral and rib fractures can accelerate the decline of respi-
ratory function. This, in turn, may compromise in some pa-
tients the outcome of lung transplantation [7].

The available studies investigating bone mass in patients
awaiting lung transplantation for end-stage respiratory failure
showed a normal BMD in not more than 20% [8–14].
Conversely, a diagnosis of osteoporosis according to the
WHO definition (i.e., T-score ≤ − 2.5 in any site) [15] and/or
of a BMD below the expected range for age (Z-score ≤ − 2.0
in any site) [16] have been reported in up to 61% of patients
[7, 9–14, 17–20]. Overall, these studies showed a great vari-
ability due to differences in the criteria used for both enrol-
ment and the bone involvement evaluation. Indeed, the previ-
ous studies included patients with CF and/or with other chron-
ic respiratory diseases and of different ages. However, when
provided, a subgroup analysis limited to CF patients consis-
tently suggested that the BMD of end-stage CF patients is
lower than that of other lung transplant candidates, despite
the younger age [12, 17, 18].

Even the prevalence of fragility fractures in lung transplant
candidates varies highly across studies, ranging between 5 and
15% in studies which considered only the clinical fractures
[17, 19, 21] and rising up to 38% if also morphometric verte-
bral and incidentally discovered rib fractures were evaluated
[13, 18, 22]. Moreover, a dramatic fracture rate was found two
decades ago in a sample of late-stage CF patients who were
referred for lung transplantation [7]. Overall, data on bone
involvement in CF patients awaiting lung transplantation are
mostly dated or inferred from larger samples of transplant
candidates for end-stage respiratory failure of any origin.
Since the interest on CFBD is growing and the multidisciplin-
ary CF care is constantly improving, the aim of our study was

the assessment of BMD, morphometric fragility fractures, and
vitamin D levels in a recent homogenous cohort of young
adults with CF awaiting lung transplantation for end-stage
respiratory failure in order to give an updated picture of bone
involvement and to look for associations between the clinical
or biochemical characteristics and the presence of bone com-
plications in this population.

Methods

In this cross-sectional study, we evaluated for enrollment all
consecutive CF patients aged 20 years or more with end-stage
lung disease, who were referred as lung transplant candidates
to the Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico in Milan (Italy) from January 2009 to June 2016.
Exclusion criteria included a prior transplant, a menopausal
status for women, and an age ≥ 50 years old for both sexes.
According to these criteria, during the study period, 49 CF
patients were considered eligible for the study, of whom 7
(14%) were excluded because they did not give their informed
consent or they did not complete the assessments provided by
our protocol. Eventually, 42 CF patients were evaluated. The
diagnosis of CF and the admission to lung transplant waiting
list were made according to current international guidelines
[23, 24]. Informed consent was obtained from all individual
participants included in the study.

From all the enrolled patients, we collected information on
daily calcium and vitamin D intake, current and past exposure
to glucocorticoids, ongoing pharmacologic therapies, preva-
lent fragility fractures, respiratory function parameters, and
presence of CF-related comorbidities (CFRD, exocrine pan-
creatic insufficiency, hepatic disease, hypogonadism, and
nephrolithiasis). These data were confirmed by reviewing
the medical records. The dietary calcium intake of our patients
was assessed using a validated 7-day food frequency question-
naire [25]. A fracture was considered prevalent and due to
bone fragility if occurred before our evaluation and without
any evident trauma or after a low-energy trauma (e.g., a fall
from a standing height), respectively. Traumatic fractures
were not considered in the analysis. The presence of signs
and symptoms of hypogonadism and the regularity of menses
were ascertained in males and females, respectively. All pa-
tients underwent an abdominal ultrasound before the admis-
sion to lung transplant waiting list, and nephrolithiasis was
considered to be present in both symptomatic (the previous
occurrence of a renal colic followed by the identification of
kidney stones) and asymptomatic cases (the ultrasound find-
ing of kidney stones in the absence any previous painful
event). Weight and height at the time of admission to lung
transplant waiting list were recorded, and, accordingly, body
mass index (BMI) was calculated.
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In all patients, prior to transplantation serum calcium, albu-
min, phosphorus, creatinine, 25-hydroxyvitamin D
(25OHVitD), and testosterone (only in males) were assessed.
Serum samples were collected at the time of referral to lung
transplantation, regardless of the season, and stored at − 20 °C
until assayed. Serum calcium, albumin, phosphorus, and cre-
atinine were measured by standard colorimetric techniques.
Total calcium was corrected for serum albumin (Caalb adj)
according to the formula Caalb adj (mg/dL) = total calcium +
[(4.4 − albumin mg/dL) × 0.8] (reference interval = 8.4–
10.2 mg/dL, 2.1–2.6 nmol/L). Glomerular filtration rate
(GFR) was estimated according to the CKD-EPI Creatinine
Equation [26]. Serum 25OHVitD and serum testosterone con-
centrations were measured by chemiluminescent (reference
in t e rva l = 75–250 nmol /L , 30–100 ng /mL) and
electrochemiluminescent immunoassay (reference interval =
males 80–242 nmol/L, 2.8–8.4 ng/mL), respectively.
Hypovitaminosis D was defined as a 25OHVitD below the
reference range (75 nmol/L, 30 ng/mL) and in this context
severe vitamin D deficiency as a 25OHVitD below
25 nmol/L (10 ng/mL) [27]. Untreated hypogonadism was
defined by the presence of low testosterone levels associated
with signs and symptoms of hypogonadism in males and of
secondary amenorrhea of at least 3-month duration in females
without hormonal replacement therapy.

Moreover, at the time of referral to lung transplantation, a
dual-energy X-ray absorptiometry (DXA) scan was carried
out to measure BMD (Hologic Discovery, Software version
13.3:3, Bedford MA, USA) at lumbar spine (LS; in vivo pre-
cision 1.0%), total femur (FT; in vivo precision 1.7%), and
femoral neck (FN; in vivo precision 1.8%) and BMD data
were expressed as Z-scores. Fractured vertebrae were exclud-
ed from BMD measurement and data from LS scans were
used only if at least three vertebrae were visualized without
interfering artifacts. According to the Official Positions of the
International Society for Clinical Densitometry (ISCD), a
BMD Z-score of − 2.0 or lower was defined as below the
expected range for age [16].

In addition to DXA, at the same time, conventional radio-
graphs of the thoracic and lumbar spine in lateral and
anteroposterior projection (T4–L4) were obtained in all sub-
jects with standardized technique. Two trained physicians,
who were blinded to BMD and biochemical data, indepen-
dently reviewed the radiographs, and they discussed question-
able cases to agree on a diagnosis. The inter-rate reliability
between the two physicians was good (k = 0.8). Vertebral frac-
tures were diagnosed on visual inspection using the semiquan-
titative visual assessment previously described by Genant and
colleagues [28] and fractures assessed on lateral
thoracolumbar spine radiographs were defined in the presence
of a > 20% reduction in anterior, middle, or posterior vertebral
height. Accordingly, 13 vertebrae from T4 to L4 were
assessed visually as intact or as having approximately mild

(20 to 25% compression), moderate (25 to 40% compression),
or severe (> 40% compression) deformity. According to the
European CF bone mineralization guidelines, CFBD was di-
agnosed in the presence of a BMD Z-score of − 2.0 or lower
associated with a fragility fracture history (a lower limb long
bone fracture or two or more upper limb long bone fractures or
a vertebral fracture) [29].

Statistical analysis

Statistical analysis was performed by SPSS version 21.0 sta-
tistical package (SPSS Inc., Chicago, IL). The normality of
distribution was checked by the Kolmogorov–Smirnov test.
The comparison of continuous variables was performed using
one-way Student t test or Mann–Whitney U test, as appropri-
ate. Categorical variables were compared by χ2 test or Fisher
exact test, as appropriate. The logistic regression analysis
assessed the association between the presence of CFBD and
potential risk factors. Bivariate associations between variables
were tested by either Pearson’s product moment correlation or
Spearman’s rank order correlation, as appropriate. p values of
less than 0.05 were considered significant.

Results

The characteristics of the 42 enrolled patients are reported in
Table 1. No patients were current or former smokers. About a
quarter of patients were previously exposed to oral GC thera-
py, whereas the current use of inhaled GC treatment was much
more frequent. Although the majority of patients received a
vitamin D supplementation, mean 25OHVitD levels were be-
low the reference range and hypovitaminosis D was found in
34 out of 42 patients (80%). Among these patients, 16 subjects
(38.1% of the whole sample) did not even reach a more pru-
dent threshold of 50 nmol/L and 6 (14.3% of the whole sam-
ple) were found to be severely deficient (25OHVitD <
25 nmol/L). No patients were treated with bone-active drugs
before the admission to lung transplant waiting list. A BMD
below the expected range for age (Z-score ≤ −2.0) and preva-
lent fragility fractures were found in 22 (52.4%) and 19
(45.2%) patients, respectively. Overall, 19 patients reported
34 prevalent fragility fractures: 31 vertebral (24 mild and 7
moderate) and 3 nonvertebral fractures (tibia, radius, and ribs).
In 10 out of 19 fractured patients, more than one prevalent
fragility fracture was observed.

CFBD was found in 13 patients (31.0%). The comparison
between patients with and without CFBD is shown in Table 1.
The two groups were comparable as far as age, gender, BMI,
previous oral GC exposure, daily calcium intake and vitamin
D supplementation, prevalence of untreated hypogonadism
and of CF-related comorbidities, estimated GFR, and
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parameters of calcium metabolism, including 25OHVitD
levels. Even the prevalence of hypovitaminosis D was com-
parable between the two groups, whereas a severe vitamin D
deficiencywas fourfold more prevalent in patients with CFBD
than in those without it, even without reaching the statistical
significance, probably because of the low sample size. As
expected, CFBD patients showed lower BMD Z-scores both
at the lumbar spine and at the femoral site and a higher prev-
alence of fragility fractures (clinical and morphometric verte-
bral fractures taken as a whole), than patients without CFBD.
It is remarkable that in the group of patients without CFBD,
therefore with a relatively preserved bone health, 6 patients
out of 29 (20.7%) showed at least one prevalent fragility frac-
ture anyway. In addition, patients with CFBD tended to have a
lower use of inhaled GC and had a significantly higher prev-
alence of nephrolithiasis.

We also compared CF patients in our sample according to
further criteria defining bone involvement.

According to the suggestion that in CF adults, a signif-
icant fracture history can be considered per se an indicator
of increased bone fragility, independent of BMD levels
[29], we compared CF patients with and without prevalent
fragility fractures. The two groups were comparable as far
as age, gender, BMI, previous oral GC exposure and cur-
rent use of inhaled GC, daily calcium intake and vitamin
D supp l emen t a t i o n , p r e v a l e n c e o f u n t r e a t e d
h y p o g o n a d i s m , C F - r e l a t e d c om o r b i d i t i e s ,
hypovitaminosis D and severe vitamin D deficiency, esti-
mated GFR, and parameters of calcium metabolism (data
not shown). Despite comparable BMD Z-scores, fractured
patients showed a higher prevalence of BMD below the
expected range for age (68.4%) and tended to experience

Table 1 Clinical and biochemical characteristics of CF patients awaiting lung transplantation and comparison between patients with and without CF-
related bone disease (CFBD)

All patients (n = 42) Patients with CFBD (n = 13) Patients without CFBD (n = 29) p

Age (years) 34.0 ± 8.4 (20–50) 35.3 ± 7.5 (24–47) 33.4 ± 8.8 (20–50) 0.505

Sex (females) 24 (57.1) 7 (53.8) 17 (58.6) 0.517

BMI (kg/m2) 20.0 ± 2.0 (16.8–25.0) 20.0 ± 2.1 (16.8–24.6) 20.0 ± 2.1 (17.4–25.0) 0.998

Patients previously treated with oral GC 10 (23.8) 3 (23.1) 7 (24.1) 0.633

Prednisone cumulative exposure (g)a 3.5 (1.0–7.3) 3.7 (1.8–7.3) 3.4 (1.0–6.8) 0.491

Patients with current use of inhaled GC 28 (66.7) 6 (46.2) 22 (75.9) 0.059

Calcium intake (mg/day) 550 (100–1500) 600 (300–1100) 500 (100–1500) 0.510

Patients on vitamin D supplementation 34 (81.0) 10 (76.9) 24 (82.8) 0.700

Vitamin D (U/day)a 2000 (658–5688) 2000 (1000–5688) 2000 (658–5288) 0.607

Prevalence of untreated hypogonadism 9 (21.4) 1 (7.7) 8 (27.6) 0.232

Prevalence of CF-related diabetes 32 (76.2) 11 (84.6) 21 (72.4) 0.466

Prevalence of CF-related exocrine pancreatic
insufficiency

38 (90.5) 12 (92.3) 26 (89.7) 0.637

Prevalence of CF-related hepatic disease 22 (52.4) 5 (38.5) 17 (58.6) 0.227

Prevalence of nephrolitiasis 8 (19.0) 5 (38.5) 3 (10.3) 0.046

BMD LS Z-score − 1.93 ± 1.16 (− 4.60 to 0.20) − 2.76 ± 1.10 (− 4.60 to − 0.70) − 1.56 ± 0.99 (− 3.30 to 0.20) 0.001

BMD FN Z-score − 1.68 ± 1.00 (− 3.60 to 0.90) − 2.28 ± 0.89 (− 3.60 to − 0.80) − 1.39 ± 0.93 (− 3.30 to 0.90) 0.006

BMD FT Z-score − 1.48 ± 1.04 (−4.00 to 0.90) − 2.02 ± 1.07 (− 4.00 to − 0.60) − 1.22 ± 0.95 (− 3.00 to 0.90) 0.022

Patients with prevalent fragility fractures 19 (45.2) 13 (100) 6 (20.7) <0.001

eGFR (mL/min/1.73 m2) 123.5 ± 14.7 (78.6–153.6) 124.5 ± 12.5 (105.9–145.8) 123.0 ± 15.8 (78.6–153.6) 0.767

Albumin-adjusted calcium (mmol/L) 2.40 ± 0.10 (2.15–2.65) 2.38 ± 0.10 (2.23–2.53) 2.43 ± 0.13 (2.15–2.65) 0.493

Phosphorus (mmol/L) 1.20 ± 0.13 (0.90–1.52) 1.20 ± 0.15 (0.97–1.45) 1.23 ± 0.13 (0.90–1.52) 0.579

25-hydroxyvitamin D (nmol/L) 54.9 ± 26.2 (18.2–130.5) 53.9 ± 31.3 (18.2–130.5) 55.2 ± 24.0 (20.5–111.8) 0.895

Prevalence of hypovitaminosis D 34 (81.0) 11 (84.6) 23 (79.3) 0.522

Prevalence of severe vitamin D deficiency 6 (14.3) 4 (30.8) 2 (6.9) 0.063

CFBDwas diagnosed in the presence of a BMDZ-score ≤ − 2 associatedwith a fragility fracture history. Data are expressed as mean ± standard deviation
or median with range in parentheses and absolute number with percentage in parentheses, as appropriate

CF, cystic fibrosis;BMI, bodymass index; GC, glucocorticoids;BMD, bonemineral density; LS, lumbar spine; FN, femoral neck;FT, femur total; eGFR,
estimated Glomerular Filtration Rate according to the CKD-EPI Creatinine Equation
a Only among patients previously treated with oral GC therapy and vitamin D supplementation, respectively
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a higher prevalence of kidney stones (31.6%) than CF
patients without any fracture (39.1%, p = 0.05 and 8.7%,
p = 0.069, respectively).

According to the ISCD criterion [16], patients with a BMD
below the expected range for age (Z-score ≤ − 2.0) and those
with a BMD Z-score > − 2.0 were comparable as far as age,
gender, BMI, previous oral GC exposure and current use of
inhaled GC, daily calcium intake and vitamin D supplemen-
tation, prevalence of untreated hypogonadism, CF-related co-
morbidities, hypovitaminosis D and severe vitamin D defi-
ciency, estimated GFR, and parameters of calcium metabo-
lism was concerned (data not shown). CF patients with a
BMD below the expected range for age tended to have a
higher prevalence of fragility fractures (59.1% versus 30.0%,
p = 0.059). Nephrolithiasis was more prevalent in CF patients
with low BMD than in patients with a BMD within the ex-
pected range for age (31.8% versus 5.0%, p = 0.047).

Finally, we compared CF patients with a BMD below the
expected range for age and/or a prevalent fragility fracture
(n = 28, 66.7%) with those without any of these criteria (n =
14) and we obtained very similar results (data not shown). In
particular, we confirmed a significantly higher prevalence of
kidney stones in CF patients with a skeletal damage indepen-
dently from the criterion used to define this involvement
(28.6% versus 0%, p < 0.05).

As nephrolithiasis was found to be a possible hallmark of
bone involvement in these patients, we compared the clinical
and biochemical characteristics of CF patients with and with-
out nephrolithiasis (Table 2). The two groups were compara-
ble as far as age, gender, BMI, GC exposure, daily calcium
intake, prevalence of untreated hypogonadism, CF-related co-
morbidities and hypovitaminosis D, estimated GFR, albumin-
adjusted calcium, and 25OHVitD levels. CF patients with
nephrolithiasis had a twofold higher prevalence of fragility

Table 2 Comparison of the clinical and biochemical characteristics in CF patients awaiting lung transplantation with and without nephrolithiasis

Patients with nephrolithiasis (n = 8) Patients without nephrolithiasis (n = 34) p

Age (years) 33.0 ± 10.9 (20–46) 34.2 ± 7.9 (20–50) 0.713

Sex (females) 5 (62.5) 19 (55.9) 0.527

BMI (kg/m2) 20.0 ± 1.2 (18.0–21.6) 20.0 ± 2.2 (16.8–25.0) 0.994

Patients previously treated with oral GC 2 (25.0) 8 (23.5) 0.626

Prednisone cumulative exposure (g)a 4.2 (1.0–7.3) 3.5 (1.1–6.8) 1.000

Patients with current use of inhaled GC 3 (27.5) 25 (73.5) 0.092

Calcium intake (mg/day) 450 (300–1100) 600 (100–1500) 0.582

Patients on vitamin D supplementation 4 (50.0) 30 (88.2) 0.030

Vitamin D (U/day)a 2000 (1000–5688) 2000 (658–5288) 0.911

Prevalence of untreated hypogonadism 2 (25.0) 7 (20.6) 0.557

Prevalence of CF-related diabetes 6 (75.0) 26 (76.5) 0.626

Prevalence of CF-related exocrine pancreatic insufficiency 6 (75.0) 32 (94.1) 0.158

Prevalence of CF-related hepatic disease 4 (50.0) 18 (52.9) 0.594

BMD LS Z-score − 2.78 ± 1.40 (−4.60 to –0.70) − 1.74 ± 1.02 (−3.30 to 0.20) 0.021

BMD FN Z-score − 2.44 ± 0.66 (− 3.00 to –0.90) − 1.49 ± 1.00 (−3.60 to 0.90) 0.014

BMD FT Z-score − 2.13 ± 0.90 (−3.00 to –0.20) − 1.32 ± 1.0 (−4.00 to 0.90) 0.050

Patients with Z-score ≤ − 2 7 (87.5) 15 (44.1) 0.047

Patients with prevalent fragility fractures 6 (75.0) 13 (38.2) 0.069

Patients with BMD Z-score ≤ − 2 and/or
prevalent fragility fractures

8 (100.0) 20 (58.8) 0.037

eGFR (mL/min/1.73 m2) 118.2 ± 20.8 (78.6–143.8) 124.7 ± 13.0 (96.4–153.6) 0.265

Albumin-adjusted calcium (mmol/L) 2.33 ± 0.10 (2.23–2.53) 2.43 ± 0.10 (2.15–2.65) 0.067

Phosphorus (mmol/L) 1.23 ± 0.06 (1.16–1.29) 1.20 ± 0.16 (0.90–1.52) 0.632

25-hydroxy vitamin D (nmol/L) 45.9 ± 32.2 (18.2–111.3) 56.9 ± 24.7 (19.5–130.5) 0.290

Prevalence of hypovitaminosis D 7 (87.5) 27 (79.4) 0.518

Prevalence of severe vitamin D deficiency 4 (50.0) 2 (5.9) 0.008

Data are expressed as mean ± standard deviation ormedianwith range in parentheses and absolute number with percentage in parentheses, as appropriate

CF, cystic fibrosis;BMI, bodymass index; GC, glucocorticoids;BMD, bonemineral density; LS, lumbar spine; FN, femoral neck;FT, femur total; eGFR,
estimated Glomerular Filtration Rate according to the CKD-EPI Creatinine Equation
a Only among patients previously treated with oral GC therapy and vitamin D supplementation, respectively
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fractures, even without reaching the statistical significance,
probably due to the small sample size. As expected, they also
showed significantly lower BMD Z-scores both at the lumbar
spine and at the femoral site and all of them exhibited at least
one sign of bone involvement: one patient showed a fragility
fracture associated with a BMD within the normal range for
age, two patients a low BMD without any fracture and even
five patients both a reduced BMD and at least one prevalent
fragility fracture. Moreover, half of these patients did not take
vitamin D supplementation, and, despite comparable mean
25OHVitD levels and a similar prevalence of hypovitaminosis
D, the prevalence of severe vitamin D deficiency was signif-
icantly higher in the group with kidney stones than in patients
without nephrolithiasis.

The independent association between nephrolithiasis and
the presence of CFBD (both a Z-score ≤ − 2 and at least one
prevalent fragility fracture) was confirmed by the logistic re-
gression analysis. Indeed, the presence of CFBD was signifi-
cantly associated with the presence of nephrolithiasis, even
after adjusting for age, gender, BMI, and previous exposure
to oral GC (Table 3, panel a). However, this association was
no longer present after including the presence of severe vita-
min D deficiency in the multivariable logistic regression mod-
el (Table 3, panel b).

Finally, considering all CF patients as a whole, bivariate
analysis showed that BMDFN Z-scores and FT Z-scores were
directly associated with albumin-adjusted calcium and
25OHVitD levels and that BMD FT Z-scores were inversely
associated with the prednisone cumulative exposure (Table 4).
No correlations were found between BMD FN Z-scores and

FT Z-scores and the other available continuous variables (data
not shown). The correlation between 25OHVitD levels and
BMDFTZ-scores (r = 0.554, p = 0.0001) is depicted in Fig. 1.

Discussion

The present study confirms that CFBD is highly prevalent in
young adults affected with CF and awaiting lung transplanta-
tion for end-stage respiratory failure. Consistent with previous
studies, the exact prevalence of CFBD varies according to the
definition used. According to the ISCD criterion of BMD
below the expected range for age (i.e., a BMD Z-score
≤ − 2.0), more than half of our sample showed a CF-related
low BMD. [16]. These results are in line with previous studies
which showed a BMD reduction (either a Z-score ≤ − 2 or a
T-score ≤ − 2.5) in 29–61% of patients awaiting lung trans-
plantation for end-stage respiratory failure [7, 9–14, 17–20].
It must be underlined that only one of these studies was
exclusively on CF patients [7] and that sub-analysis restricted
to CF patients in larger samples including end-stage respira-
tory failure of any origin demonstrated a BMD below the

Table 3 Association between the presence of CF-related bone disease
(both a BMDZ-score ≤ − 2 and a significant fragility fracture history) and
two combinations of potential risk factors using the multivariable logistic
regression model

OR 95% CI p

a)

Age (1 year increase) 1.04 0.94–1.14 0.453

Sex (female) 1.19 0.27–5.21 0.815

BMI (1 point increase) 1.03 0.72–1.47 0.873

Nephrolithiasis (yes) 6.00 1.10–32.74 0.039

Previous exposure to oral GC (yes) 1.13 0.19–6.68 0.891

b)

Age (1 year increase) 1.05 0.95–1.17 0.303

Sex (female) 1.47 0.31–7.04 0.626

BMI (1 point increase) 1.03 0.72–1.48 0.877

Nephrolithiasis (yes) 3.19 0.46–22.10 0.240

Previous exposure to oral GC (yes) 1.43 0.24–8.70 0.698

Severe vitamin D deficiency (yes) 5.51 0.54–56.8 0.151

CF, cystic fibrosis; BMD, bone mineral density; BMI, body mass index;
GC, glucocorticoids

Table 4 Bivariate analysis of risk factors for low BMD

BMD Z-score FN BMD Z-score FT

r p r p

Prednisone cumulative exposure − 0.257 0.109 − 0.383 0.015

Albumin-adjusted calcium 0.387 0.020 0.346 0.039

25-hydroxyvitamin D 0.508 0.001 0.554 0.0001

BMD, bone mineral density; FN, femoral neck; FT, total femur

Fig. 1 The correlation between 25-hydroxyvitamin D levels and BMD
FT Z-scores in our sample of young adults with CF awaiting lung trans-
plantation for end-stage respiratory failure (r = 0.554, p = 0.0001). BMD,
bone mineral density; FT, total femur; CF, cystic fibrosis
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expected range for age in up to 75% of patients [17], suggest-
ing that in previous records, the real prevalence of BMD re-
duction in CF patients could have been underestimated.

Importantly, almost half of our patients exhibited at least
one prevalent fragility fracture. In previous records, when
considering only the clinical fractures, this prevalence resulted
significantly lower [17, 19, 21]. However, even in the studies
considering morphometric vertebral and incidentally discov-
ered rib fractures, this prevalence did not exceed 38% [8, 13,
18, 22]. The only exception is represented by a retrospective
study published in 1998 on 70 late-stage CF patients, which
documented, in addition to self-reported clinical fractures, 62
morphometric vertebral fractures, and 14 rib fractures in 33
and 10 patients, respectively [7]. This dramatic prevalence of
fragility fractures, especially considered the young age of the
subjects involved, is similar to that we found in the present
study after two decades.

Beside the homogeneity of the sample studied (only young
patients with CF), a further strength of our study was the
assessment of conventional spinal radiographs instead of sim-
ple thorax radiographs for the detection of morphometric ver-
tebral fractures. This could have allowed to a better sensitivity
for detecting vertebral fractures and, thus, a more precise pic-
ture of bone involvement in CF.

Overall, about two-thirds of our patients showed a sign of
bone involvement (either a BMD reduction or a prevalent
fragility fracture). Consistent with the assumption that a
BMD reduction can be predictive of bone fragility, in patients
with a BMD Z-score ≤ − 2.0, the prevalence of fragility frac-
tures tended to be higher (approximately twofold) than in
patients with a BMD Z-score > − 2.0. Finally, even adopting
the more conservative criterion for diagnosing osteoporosis
suggested by the European CF bone mineralization guidelines
(i.e., a BMD Z-score ≤ − 2.0 associated with a significant fra-
gility fracture history) [29], 13 out of 42 patients (31.0%) were
diagnosed to have a CF-related bone involvement anyway.

In order to optimize bone health in CF, current guidelines
recommend optimal calcium intake, which, in the age range of
our sample, is about 1000 mg/day [29]). However, in our
patients, the median values of daily calcium intakes were low-
er than suggested and these suboptimal calcium intakes could
have contributed to a reduced low peak bone mass and to a
subsequent bone loss. Some previous data reported calcium
intakes higher than the recommended dietary requirements in
CF adults [30]. It must be observed, however, that those data
have been mainly collected in CF population with a good
pulmonary status; the difference in the populations studied
could explain these discordant results.

Moreover, despite the fact that more than 80% of patients
received vitamin D supplements and that, in cholecalciferol
users, median daily doses were quite in line with the recom-
mended ones, mean 25OHVitD levels were barely greater
than 50 nmol/L, and only 8 out of 42 patients reached the

cut-off of 75 nmol/L. Our data, thus, suggest that multivitamin
supplements specifically designed for CF patients (usually
containing 1000–2000 UI of cholecalciferol, according to
the dosage used) are quite insufficient to correct
hypovitaminosis D and significantly larger doses should prob-
ably be used. Considering the oil vehicle of cholecalciferol
supplements, in order to optimize absorption, these supple-
ments should be taken together with pancreatic enzyme re-
placement therapy in those patients suffering from CF-
related exocrine pancreatic insufficiency. However, there is
no clear consensus about the optimal 25OHVitD levels in
the general population and especially in people with CF. The
cut-off of 75 nmol/L was mainly based on the evidence that
over this threshold parathyroid hormone (PTH) levels begin to
plateau and the intestinal calcium absorption get significantly
more efficient [27], but the last European CF bone minerali-
zation guidelines remained more prudent, recommending a
minimum 25OHVitD concentration of 50 nmol/L because of
the lack of data about the long-term consequences of
25OHVitD levels above 75 nmol/L in a large sample of young
adults with CF [29]. In our sample, we found a significant
direct correlation between 25OHVitD levels and BMD FN
Z-scores and FT Z-scores (Table 4), and, as depicted in Fig.
1, no patients with 25OHVitD levels higher than 75 nmol/L
showed FT Z-scores < − 1.0. This finding suggests that this
threshold could be safely assumed as the target to achieve in
the context of cholecalciferol supplementation. The less
strong direct correlation between BMD FN Z-scores and FT
Z-scores and albumin-adjusted calcium levels could be
interpreted as a consequence of the abovementioned correla-
tion with 25OHVitD levels. Finally, although only a minority
of patients was previously exposed to systemic oral GC treat-
ment, we found an inverse correlation between BMD FT Z-
scores and prednisone cumulative exposure, as already ob-
served by other authors [7, 20].

A further worthy of attention result in our analysis is that
the prevalence of nephrolithiasis was higher in CF patients
with bone damage, regardless of the criteria used to discrim-
inate bone involvement. There is now awide agreement on the
association between nephrolithiasis and CF. Previous studies
found that 3–13% of CF patients suffer from kidney stones
compared with 1–2% of healthy controls [31, 32], while the
prevalence of nephrolithiasis in our sample seems to be higher
(19%) than in previous reports. However, so far, an evaluation
of this renal complication in our specific setting (CF patients
awaiting lung transplantation for end-stage respiratory failure)
was lacking. In CF, calcium oxalate is the usual stone compo-
sition and many mechanisms promoting stone formation are
probably involved: low urinary volume, hyperuricosuria,
hyperoxaluria, hypocitraturia, primary defects in calcium han-
dling caused by mutation of the CFTR, and lack of coloniza-
tion with an enteric oxalate-degrading bacterium [31].
However, the relative contributions of these factors are still
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uncertain. It can be postulated that in our sample the
reduced median calcium intake, especially in combina-
tion with a severe vitamin D deficiency, could have
furtherly worsen the intestinal oxalate absorption, which
is already increased in CF, therefore increasing the risk
of nephrolithiasis.

The comparison between patients with and without this
renal complication (Table 2) showed that the presence of kid-
ney stones was clearly associated with a worse bone pheno-
type. Indeed, CF patients with nephrolithiasis displayed a sig-
nificantly lower BMD both at the lumbar spine and at the
femoral site, and the prevalence of fragility fractures in this
subgroup was about twofold higher than in patients without
nephrolithiasis, even if without reaching the statistical signif-
icance (probably because of the small number of subjects
involved). Overall, we found at least one sign of bone involve-
ment in eight out of eight patients. Interestingly, despite com-
parable mean 25OHVitD levels between the two groups, a
higher fraction of patients with nephrolithiasis was not on
vitamin D treatment at the time of evaluation and resulted
severely deficient in terms of vitamin D levels. Of utmost
importance, the logistic regression analysis showed that a
young adult with CF awaiting lung transplantation with a his-
tory of kidney stones had a sixfold risk of CFBD than a subject
who had never suffered from nephrolithiasis, regardless of
potential risk factors like age, gender, BMI, and previous ex-
posure to oral GC (Table 3, panel a). This association, how-
ever, is not independent of the presence of severe vitamin D
deficiency (Table 3, panel b), which, therefore, may repre-
sent a crucial factor for the compromised bone health in
CF patients. Anyway, this finding deserves a clinical
interest, since the presence of nephrolithiasis could be
interpreted as a warning about the need for a careful
evaluation of the skeletal involvement and the prescrip-
tion of appropriate treatment strategies.

The current study has several limitations. First of all, the
cross-sectional design does not consent to draw conclusions
about causality, but only to establish associations. Secondly,
the small sample size could have reduced the statistical power
of the study. However, our sample, even if small, has the value
of being a homogeneous cohort of young adults with CF and
awaiting lung transplantation for end-stage respiratory failure.
Thirdly, the sample collection in different periods of the year
and the lack of information about sunlight exposure of our
patients do not allow to account for season-related vitamin D
variations. However, although such an influence in our sample
cannot be excluded, we could suppose that, as compared with
healthy population, in CF patients the vitamin D fluctuations
should be minimal, due to the poor general conditions and the
limited outdoor life of end-stage CF patients approaching lung
transplantation. Finally, a limitation of the study is the lack of
data on other serum parameters of calcium metabolism (such
as PTH levels) and on urinary samples. Indeed, these

parameters could have been useful for elucidating the associ-
ation between nephrolithiasis and severe vitamin D
deficiency.

In conclusion, despite the improvement of CF multidisci-
plinary care, in our recent population of young adults with CF
awaiting lung transplantation for end-stage respiratory failure
a condition of CFBD is still highly prevalent and despite the
young age, only one-third of patients did not show any signs
of bone fragility. Furthermore, our data show that suboptimal
25OHVitD levels could significantly contribute to the devel-
opment of CFBD and that the presence of nephrolithiasis is
clearly associated with a worse bone health. Although severe
bone disease is not an absolute contraindication to the admis-
sion to lung transplant waiting list [24], the occurrence after
surgery of fragility fractures, especially rib and vertebral ones,
can accelerate the decline of respiratory function and compro-
mise the outcome of lung transplantation [7]. Therefore, the
optimization of bone health should be a target to be pursued
starting from the pediatric age in CF people. Further studies
are needed to define the optimal prevention strategies in this
population.
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