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ABSTRACT

Objective: Bone disease is a common comorbidity in patients with cystic fibrosis (CF).
We sought to determine risk factors and identify potential biochemical markers for CF-
related bone disease (CFBD) in a unique cohort of CF patients with end-stage lung
disease undergoing lung transplantation (LTx) evaluation. Methods: All of the CF patients
who were evaluated for LTx at our center between November of 1992 and December of
2010 were included in the study. Clinical data and biochemical markers of bone turnover,
as well as bone mineral density (BMD) at the lumbar spine and femoral neck, were
evaluated. Spearman’s rho and multivariate logistic regression analysis were used.
Results: A total of 102 adult CF patients were evaluated. The mean age was 28.1 years
(95% CI: 26.7-29.5), and the mean body mass index was 17.5 kg/m? (95% Cl: 17.2-18.2).
Mean T-scores were —2.3 and —1.9 at the lumbar spine and femoral neck, respectively,
being lower in males than in females (-2.7 vs. —=2.0 at the lumbar spine and -2.2 vs. -1.7
at the femoral neck). Overall, 52% had a T-score of < —-2.5 at either skeletal site. The
homozygous Phe508del genotype was found in 57% of patients without osteoporosis
and in 60% of those with low BMD. Mean T-scores were not particularly low in patients
with severe CFTA mutations. Although the BMI correlated with T-scores at the femoral
neck and lumbar spine, serum 25-hydroxyvitamin D and parathyroid hormone levels
did not. Conclusions: CFBD is common in CF patients with end-stage lung disease,
particularly in males and patients with a low BMI. It appears that CF mutation status
does not correlate with CFBD. In addition, it appears that low BMD does not correlate
with other risk factors or biochemical parameters. The prevalence of CFBD appears to
have recently decreased, most likely reflecting increased efforts at earlier diagnosis and
treatment.
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INTRODUCTION and COX-2 metabolite prostaglandin E2, both of which

) o
Cystic fibrosis (CF) is a common life-shortening are mediators of osteogenesis.

autosomal recessive genetic disorder that affects multiple
organs and is caused by mutations in the CFTR gene,

The objective of the present study was to assess
the frequency of CFBD in a unique cohort of adult CF

which encodes primarily for a chloride ion channel.®
CF-related comorbidities reduce health-related quality
of life and pose an ongoing challenge for patients and
treating physicians. The cause of CF-related bone disease
(CFBD) is likely multifactorial; CFBD is due to both
suboptimal peak bone mass acquisition and increased
bone loss during adulthood, affecting up to 20% of
adolescent patients and 55-65% of patients 45 years of
age or older.® Known risk factors for the development
of CFBD are male sex, low body mass index (BMI),
malnutrition, advanced lung disease, and systemic
corticosteroid therapy. In fact, several factors contribute
to the etiology of CFBD: chronic inflammation/infection,
exocrine pancreatic insufficiency/malnutrition, low levels
of anabolic hormones (insulin and IGF-I), low levels of sex
hormones (estradiol and testosterone), and lack of physical
activity.>* In addition, CFTR protein dysfunction has
recently been shown to affect bone-forming osteoblasts
directly by reducing the production of osteoprotegerin

patients with end-stage lung disease evaluated for lung
transplantation (LTx) at our center over nearly two decades,
in order to gain a deeper understanding of contributing
factors to CFBD, identify potential biochemical markers
for CFBD, and assess changes in disease severity and
therapies over time.

METHODS

All adult CF patients (18 years of age or older) evaluated
for LTx at the University Hospital of Zurich between
November of 1992 and December of 2010 were included
in the study. Referral and selection of LTx candidates
at our center were done in accordance with published
International Society for Heart and Lung Transplantation
guidelines.*? Data on CFTR mutation status and patient
clinical status (including parameters such as age, sex,
height, weight, BMI, percent predicted FEV, [FEV,%],
six-minute walk distance [6MWD], infectious exacerbations
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in the previous year, and CF-related diabetes mellitus
[CFRD]) were collected and tabulated. The 5-year
survival rate was estimated in accordance with Liou et
al.*? In addition, patient medical records were reviewed
for inhaled corticosteroid therapy, systemic corticosteroid
therapy, vitamin D supplementation (at least 800 U per
day), and bisphosphonate therapy. The following serum
levels were measured: C-reactive protein, creatinine,
albumin, fasting glucose, hemoglobin Alc, calcium
(values being subsequently corrected for albumin by
the following formula: measured calcium — 0.025 x
albumin + 1), phosphate, bone alkaline phosphatase,
25-hydroxyvitamin D (25(0OH)D), parathyroid hormone
(PTH), osteocalcin, testosterone (in males), and estradiol
(in females). In a morning spot urine sample, calcium-
to-creatinine and deoxypyridinoline-to-creatinine ratios
were determined. Creatinine was also measured in
a 24-h urine collection in order to estimate skeletal
muscle mass and glomerular filtration rate (GFR).
The Cockcroft and Gault equation was used in order
to calculate GFR, as proposed by Soulsby et al.**) The
relative time to first evaluation for LTx was calculated and
used for multivariate regression analysis. In addition,
bone mineral density (BMD) was measured by dual-
energy X-ray absorptiometry (DXA) and quantitative
digital radiography (Hologic® DXA System; Hologic,
Inc., Marlborough, MA, USA) at the femoral neck and
lumbar spine, respectively, T-scores being calculated
for both sites. Osteoporosis was defined in accordance
with the World Health Organization BMD criteria as a
T-score of £ —2.5, whereas osteopenia was defined
as a T-score between —1.0 and —2.5.(4%

Clinical and biochemical data are reported as means
and 95% confidence intervals. The following groups
of patients were evaluated: 1) females and males; 2)
patients with osteoporosis (i.e., those with a T-score
of < —2.5 at either skeletal site) and patients without
osteoporosis; and 3) patients evaluated earlier in the
study period and patients evaluated later in the study
period. For group comparisons, the Mann-Whitney test
and the Kruskal-Wallis test were used, Fisher’s exact
test or the chi-square test being used for categorical
variables. Continuous variables were correlated by
using Spearman’s rho. Univariate and multivariate
logistic regression models were used in order to analyze
osteoporosis (overall osteoporosis, lumbar spine
osteoporosis, and femoral neck osteoporosis) and sex,
as well as the relative time to evaluation for LTx and
clinical parameters (BMI, FEV,%, 6MWD, CFRD, 25(0H)
D levels, phosphate levels, calcium levels, and protein
levels). All statistical analyses were performed with the
IBM SPSS Statistics software package, version 23.0 (IBM
Corporation, Armonk, NY, USA). For all analyses, values
of p < 0.05 were considered significant. The Research
Ethics Committee of the Canton of Zurich approved this
retrospective study (Protocol no. EK-1593).

RESULTS

A total of 102 adult CF lung transplant candidates were
included in the present study. The clinical characteristics
of the study patients are shown in Table 1.

J Bras Pneumol. 2019;45(1):e20170280

BMD values as measured by DXA were available for
all patients. Of those, 8 (8%) showed normal bone
mass, 41 (40%) had osteopenia, and 53 (52%) had
osteoporosis at either skeletal site. Mean T-scores at
the femoral neck and lumbar spine were —1.9 (95% CI:
1.73to —2.10) and —2.3 (95% CI: —2.09 to —2.55),
respectively, being lower in males than in females (p
= 0.007 and p = 0.004, respectively; Figure 1).

There were no differences in clinical parameters
(or medication use) between males and females, the
exception being height and weight (Table 1). The mean
BMI was lower in patients with osteoporosis than in
those without (17.4 kg/m? vs. 18.1 kg/m?; p = 0.007;
Table 2). No differences were found between the
subgroups of patients with and without osteoporosis
regarding FEV, %, 6MWD, frequency of CF exacerbations
in the previous year, use of medications, presence of
exocrine pancreatic insufficiency, or CFRD (Table 2).

Table 3 shows biochemical parameters in all CF
patients included in the study, by osteoporosis status
(i.e., with or without osteoporosis). Although there
were no significant differences between the two
groups of patients, those with low T-scores (defining
osteoporosis in the elderly) were more likely to have
an increased calcium-to-creatinine ratio in a fasting
spot urine sample (p = 0.04). In particular, there was
no difference in serum levels of calcium, phosphate,
25(0H)D, or PTH. Borderline high (albumin-corrected)
calcium levels were found in 8 patients, and PTH levels
> 65 ng/L (indicating secondary hyperparathyroidism
in patients with low-normal serum calcium levels)
were found in 11 (Table 3). Correlations of PTH
levels with 25(0H)D and calcium levels are shown in
Figure 2. Although PTH levels correlated significantly
with (albumin-corrected) calcium levels (Spearman’s
rho: —0.40; p < 0.001), they did not correlate with
25(0OH)D levels, age, creatinine levels, GFR, albumin
levels, urinary calcium-to-creatinine ratio, urinary
deoxypyridinoline-to-creatinine ratio, or 24-h urinary
creatinine levels. Serum levels of PTH were not increased
in a substantial number of patients with decreased
serum levels of 25(0OH)D. In addition, serum PTH levels
were not associated with increased bone resorption
markers or low BMD.

As can be seen in Table 2, 50 patients (49%) were
receiving vitamin D supplementation (4,000 IU plus
multivitamin supplementation including vitamins A,
D, E, and K), and 11 patients (11%) were receiving
bisphosphonate therapy; 48 (47%) used inhaled
corticosteroids on a regular basis, and 33 (32%) were
on long-term systemic corticosteroid therapy. Patients
using systemic corticosteroids were more likely to
have low BMD (p = 0.023). A low BMI was found
to correlate with low BMD (p = 0.004). Of the 102
patients included in the study, 97 (95%) had exocrine
pancreatic insufficiency and were receiving pancreatic
enzyme supplementation (the dose of which varied
depending on their diet).

CF mutation status was known in 84 patients. Of
those, 51 (61%) had a severe mutation (Table 2).
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Figure 1. T-scores at the femoral neck and lumbar spine, by gender and CFTR gene mutation.

Table 1. Clinical characteristics of the cystic fibrosis patients included in the study.?

Characteristic Total sample

N = 102
(100%)

Age, years 28.1 (26.7-29.5)

Height, cm 166 (164-167)

Weight, kg 48 (47-50)

BMI, kg/m? 17.5 (17.2-18.2)

FEV,, % predicted 25 (24-27)

Relative time to first evaluation, years 9.9 (8.9-10.9)

Estimated 5-year survival, % 30 (28-33)

Osteoporosis, no/yes, n(%) 49/53 (48/52)

T-score at the lumbar spine -2.3(-2.1to

-2.6)

BMD at the lumbar spine

Normal (T-scores > -1), n (%) 11 (11)

Osteopenia (T-scores ranging from -1 to -2.4), 41 (42)

n (%)

Osteoporosis (T-scores of < -2.5), n (%) 45 (47)

T-score at the femoral neck -1.9
(-1.7 to -2.1)

BMD at the femoral neck

Normal (T-scores > -1), n (%) 16 (16)

Osteopenia (T-scores ranging from -1 to -2.4), 54 (55)

n (%)

Osteoporosis (T-scores of < -2.5), n (%) 28 (29)

Female CF
patients
n = 53 (52%)

27.5 (25.7-29.3)

161 (160-164)
47 (45-49)
18.0 (17.2-18.9)
27 (24-29)
10.4 (9.0-11.8)
31 (27-35)
30/23 (57/43)

-1.99 (-1.72 to
-2.26)

10 (20)
-1.67
(-1.45 to -1.89)

8 (16)
25 (49)

18 (35)

Male CF patients

n = 49 (48%)

28.8 (26.6-31.0)
170 (168-172)
50 (48-53)
17.4 (16.8-18.0)
24 (22-26)
9.3 (8.0-10.7)
30 (28-33)
19/30 (39/61)

-2.70 (-2.34 to
-3.05)

8 (16)
25 (49)

18 (35)

-2.19
(-1.9 to -2.48)

27 (59)

< 0.0001
0.01

0.004

0.007

CF: cystic fibrosis; BMI: body mass index; and BMD: bone mineral density. 2Values expressed as mean (95% CI),

except where otherwise indicated.
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Table 2. Clinical characteristics of the cystic fibrosis included in the study, by osteoporosis status (i.e., with or without
osteoporosis) and era of evaluation (i.e., earlier or later in the study period).?

Characteristic Era of evaluation

Osteoporosis

Without With First 51 Last 51
n = 49 (48%) n = 53 (52%) patients patients
T-score at the lumbar spine -1.52 -3.15-2.90 to -2.56 -2.11 0.02
(-1.31 to -1.72) -3.4) (-2.18 to -2.94) (-1.85 to -2.38)
T-score at the femoral neck -1.29 -2.55 -2.29 -1.58 < 0.0001
(-1.11 to -1.47) (-2.35t0 -2.75) (-2.01to-2.57) (-1.37 to-1.79)
Relative time to first evaluation, 11.7 8.2 5.7 14.1
years (10.3-13.0) (7.0-9.5) (4.8-6.5) (13.5-14.7)
Sex, F/M, n (%) 30/19 23/30 24/27 29/22
(61/39) (43/57) (47/53) (57/43)
Age, years 27.7 28.4 28.0 28.3
(25.6-29.9) (26.6-30.3) (26.1-29.8) (26.2-30.4)
BMI, kg/m? 18.1 17.4 17.0 18.5 0.001
(17.6-18.6) (16.5-18.3) (16.6-17.4) (17.6-19.4)
FEV,, % predicted 26 25 0.9 1.2
(24-28) (22-27) (0.7-0.9) (0.5-1.8)
6MWD, m 367 339 332 376 0.04
(336-398) (301-378) (300-366) (340-413)
CF exacerbation in the previous 4.4 (4.2-4.7) 4.3 (3.9-4.6) 4.3 (4.0-4.5) 4.5 (4.1-4.8)

year
Prednisone use, no/yes, n (%)
Inhaled corticosteroid use, no/

32/16° (63/37)
23/25 (45/55)

34/17 (67/33)
28/23 (55/45)

37/12 (76/23)
28/21 (57/43)

29/21° (58/42)
23/27° (46/54)

yes, n (%)

Vitamin D supplementation, no/  22/27 (45/55)  27/23" (54/46)  33/15° (65/35) 16/35 (31/69) < 0.001
yes, n (%)

Bisphosphonate therapy, no/ 46/3 (94/6) 42/8" (84/16) 46/2° (90/10) 42/9 (82/18) 0.05
yes, n (%)

CFRD, no/yes, n (%)
Exocrine pancreatic
insufficiency, no/yes, n (%)
CFTR genotype, n (%)°

12/37 (24/76)
46/3 (94/6)

22/31 (42/58)
51/2 (96/4)

23/28 (45/55)
47/4 (92/8)

11/40 (22/78)
50/1 (98/2)

Unknown 7 (14) 11 (21) 15 (29) 3(6)
Known 42 (86) 42 (79) 36 (71) 48 (94)
Severe/Severe 25 (60) 26 (62) 20 (55) 29 (60)
Severe/Mild 11 (26) 15 (36) 15 (42) 13 (27)
Mild/Mild 6 (14) 1(2) 1(3) 6 (13)
Estimated 5-year survival, %¢ 30 (27-34) 30 (27-34) 31 (27-35) 30 (26-33)

BMI: body mass index; 6MWD: six-minute walk distance; CF: cystic fibrosis; CFRD: CF-related diabetes mellitus;
and CFTR: cystic fibrosis transmembrane conductance regulator. *Values expressed as mean (95% CI), except
where otherwise indicated. °"Medication unknown in 3 patients. Severe: class I-III mutations; and mild: class IV-VI

mutations. 9In accordance with Liou et al.(*®

With regard to CFTR mutation status (severe vs. mild
mutations), no differences were found between the
two regarding BMD.

As can be seen in Table 2, comparisons were made
between CF patients evaluated for LTx in the 1992-
2003 period (n = 51) and those evaluated for LTx in
the 2004-2010 period (n = 51). Osteoporosis was
much more common in the earlier era (n = 34; 65%
vs. n = 19; 36.5%), whereas osteopenia was more
common in the later era (n = 14; 27% vs. n = 27;
52%). In addition, the 51 patients evaluated in the
later era had a higher BMI (18.5 kg/m? vs. 17 kg/m?;
p = 0.007). Furthermore, vitamin D supplementation
and bisphosphonate therapy were more common in
the later era than in the earlier era (n = 35; 67%
vs.n = 15; 29% and n = 9; 17.3% vs. n = 2; 4%,
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respectively). Moreover, CFRD was more frequently
diagnosed (and subsequently treated with insulin) in
the later era (n = 40; 77% vs. n = 28; 54%).

In the multivariate analysis, the overall prevalence
of osteoporosis was lower in the later era (OR = 0.88;
95% CI: 0.80-0.96; p = 0.005), as was the prevalence
of osteoporosis at the femoral neck (OR = 0.76; 95%
CI: 0.63-0.92; p = 0.05). A high FEV, % was found to
be a negative predictor of femoral neck osteoporosis
(OR =0.88; 95% CI: 0.79-0.98; p = 0.03). Males were
more likely to have osteoporosis at the lumbar spine
than were females (OR = 2.68; 95% CI: 1.13-6.35; p
= 0.03). A low BMI was found to be a positive predictor
of osteoporosis (OR = 0.75; 95% CI: 0.58-0.98; p
= 0.003) and lumbar spine osteoporosis (OR = 0.70;
95% CI: 0.54-0.91; p = 0.007). Mean T-scores at the
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Table 3. Biochemical parameters in the cystic fibrosis patients included in the study, by osteoporosis status (i.e., with

or without osteoporosis).?

Parameter All Without With p Normal
osteoporosis osteoporosis range

CRP, mg/L 33 (26-40) 31 (19-44) 34 (25-42) <5
Creatinine, pmol/L 67 (64-70) 65 (61-68) 69 (65-73) 62-106
GFR, mL/min/1.73 km? 92 (88-96) 95 (90-100) 90 (84-96)
Albumin, g/L 36 (35-38) 37 (35-40) 35 (34-37) 40-49
HbA1c, % 6.7 (6.5-6.9) 6.7 (6.4-6.9) 6.6 (6.3-7.0) 4.8-5.9
Fasting glucose, mmol/L 6.5 (5.8-7.2) 6.6 (5.6-6.7) 6.8 (5.6-8.0) <5.6
Calcium (albumin-corrected), mmol/L 2.36 (2.32-2.40) 2.33 (2.26-2.40) 2.39 (2.36-2.43) 2.09-2.54
Phosphate, mmol/L 1.05 (1.01-1.10) 1.02 (0.95-1.09) 1.08 (1.02-1.14) 0.87-1.45
Alkaline phosphatase, U/L 139 (119-158) 138 (11-164) 140 (11-168) 40-129
Bone alkaline phosphatase, pg/L (n = 83) 15.7 (13.7-17.7) 15.1 (12.7-17.6) 16.4 (13.1-19.6) 3.7-21.1
25(0H)D, pg/L (n = 85) 21 (18-23) 21 (18-25) 20 (16-24) 10-42
25(0OH)D < 30 pg/L, no/yes, n (%) 22/63 (26/74) 11/34 (24/76)  11/29 (28/72)
PTH, ng/L (n = 84) 50 (46-61) 50 (40-59) 51 (31-71) 15-65
PTH > 65 ng/L, no/yes, n (%) 73/11 (87/13) 40/4 (91/9) 33/7 (83/17)
Osteocalcin, ng/L (n = 30) 4.3 (3.5-5.0) 4.6 (3.3-5.9) 4.0 (3.1-5.0) 2.4-10.0
Testosterone (in males), nmol/L (n = 34) 13.6 (11.3-15.9) 15.8 (12.3-19.3) 11.7 (8.6-14.8) 7.57-31.4
Estradiol (in females), pmol/L (n = 39) 189 (129-250) 189 (95-283) 190 (110-270)
Urinary calcium/creatinine (n = 78) 0.5 (0.5-0.6)  0.50 (0.39-0.61) 0.55 (0.45-0.65) 0.1-0.5
Urinary calcium/creatinine > 0.5, no/yes, n (%)  46/32 (59/41) 20/16 (56/44) 12/29 (29/71) 0.04
Urinary deoxypyridinoline/creatinine (n = 85) 8.0 (7.0-9.0) 7.7 (6.3-9.1) 8.4 (6.8-9.9) 2.5-5.0

Urinary deoxypyridinoline/creatinine > 5.0,
no/yes, n (%)
Urinary creatinine/24 h, mmol (n = 90)

23/62 (27/73)

8.7 (8.0-9.4)

11/33 (25/75)  12/29 (29/71)

9.0 (8.1-9.9) 8.5 (7.5:9.5)

CRP: C-reactive protein; GFR: glomerular filtration rate (as calculated by the Cockcroft and Gault equation);
HbA1lc: hemoglobin Alc; 25(0OH)D: 25-hydroxyvitamin D; and PTH: parathyroid hormone. #Values expressed as

mean (95% CI), except where otherwise indicated.

femoral neck were higher in the patients with CFRD
than in those without CFRD (—-1.73; 95% CI: —1.74
to —2.10 vs. —2.30; 95% CI: —1.90 to —2.69; p =
0.003; OR = 0.13; 95% CI: 0.02-0.67; p = 0.02).

DISCUSSION

Low BMD is a common comorbidity in CF patients,*®
affecting half of our cohort. This result is consistent
with those of other studies®1%*” and shows the high
prevalence of bone disease in CF patients (and, in our
particular cohort, in CF patients with end-stage lung
disease undergoing LTx evaluation). Osteoporosis
(particularly lumbar spine osteoporosis) was found to
be more common in male CF patients than in female
CF patients, as reported elsewhere.(*®

CF patients with end-stage lung disease are at a
high risk of low BMD, and numerous cross-sectional
studies have found a number of factors associated
with low BMD, including lung function, BMI, and use
of corticosteroids.*%%19-21) With regard to age, there
are conflicting results.?3%17.1% In our cohort, the
BMI was found to have a significant impact on BMD
(particularly in patients evaluated later in the study
period and at the femoral neck). However, no correlation
was found between age and low BMD. Given that
the BMI range was rather narrow in our cohort, this
seems quite remarkable. Because we did not perform

detailed body composition analysis, we were unable to
determine whether there was a relationship between
BMD and skeletal muscle mass or between BMD and fat
mass. Decreased physical capacity*?? and recurrent
infections(*%2% are other known contributors to low
BMD. In our cohort, neither exercise testing (6MWD)
nor exacerbation frequency in the year before LTx
evaluation correlated with low BMD. In addition, no
correlation was found between low BMD and biochemical
parameters. Vitamin D deficiency reflects malnutrition,
affecting calcium homeostasis and bone turnover,®
being a common finding in patients with CF. Several
studies have shown that 25(0OH)D is low in patients
with CF, regardless of age. This is due to malabsorption,
insufficient production of vitamin D in the skin (which
is due to decreased exposure to sunlight as a result
of lower levels of outdoor physical activity), lower
amount of body fat for storage, decreased quantities
of vitamin D-binding protein with a shorter half-life,
and recurrent hospitalizations.¥ Vitamin D deficiency
can result in secondary hyperparathyroidism, and
high PTH levels can be associated with low BMD in
patients with CF. West et al.(*> suggested that PTH
is @ more sensitive predictor of CFBD in CF patients
than is 25(0OH)D. Although the majority of our patients
showed 25(OH)D levels of < 30 ug/L, there was no
correlation of 25(OH)D with BMD or low BMD. In
addition, there was no association of PTH levels with

J Bras Pneumol. 2019;45(1):e20170280
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Figure 2. Spearman’s correlation of serum parathyroid hormone (PTH) levels with serum 25-hydroxyvitamin D (25(0OH)
D) and (albumin-corrected) calcium levels. NS: not significant.

25(0OH)D levels or low BMD in our patient cohort, a
finding that is consistent with those of Flohr et al.®®
It is of note that secondary hyperparathyroidism was
found in only 13 patients in our cohort (PTH levels >
65 ng/L). Neither decreased renal function nor low
25(0H)D levels led to increased PTH levels in the
majority of our patients. In addition, PTH was found
to be an inadequate parameter to detect or monitor
CFBD; PTH levels did not reflect vitamin D deficiency
in CF patients with end-stage lung disease and a high
CFBD prevalence. However, the negative correlation
between serum levels of albumin-corrected calcium
and PTH was striking and highly significant. Almost
10% of the patients had borderline or elevated serum
levels of albumin-corrected calcium; none had primary
hyperparathyroidism. Osteocalcin, a serum marker of
osteoblast activity, has been shown to correlate with
bone loss.(?® Changes in bone turnover with increased
bone resorption and altered bone formation have
been described elsewhere.1%27.28) However, we found
no correlation of osteocalcin or deoxypyridinoline
with BMD, having found only a borderline significant
correlation with calciuria (as assessed in a fasting spot
urine sample). Male hypogonadism has been shown to
be associated with CFBD and vertebral fractures.(*=%
Although the prevalence of low BMD was higher in
males than in females in our cohort, we found no
correlation between testosterone and BMD.

Experimental studies have shown that CFTR-null
mice exhibit severe osteopenia.? In a cross-sectional
study including 88 adult patients with CF, it was
reported that BMD at the lumbar spine and femoral
neck is significantly lower in Phe508del homozygous
or heterozygous patients than in patients without the
AF508 mutation.” Aris et al.*? speculated that CFTR
mutations can provide a genetic link, directly influencing
bone cell function. In addition, the CFTR protein has
recently been shown to be expressed in human bone
cells, playing an important role in the production of
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osteoprotegerin and prostaglandin E2, both of which
are key factors in bone formation and regeneration.
(3335 Jacquot et al. tested a CFTR corrector (miglustat)
in a Phe508del mutant CF mouse model, showing
normalized bone volume and improved bone formation"
and raising the question of whether CFTR-targeted
drugs can act directly on bone cells. In the present
study, we found no correlation between the Phe508del
mutation and CFBD. Although CFTR is expressed in
bone tissue and therefore CF mutation status can
theoretically influence bone mass density, our data
clearly demonstrate that, in patients with end-stage
lung disease, the lung disease itself and pancreatic
insufficiency (leading to a catabolic metabolism) have
in general a much broader indirect impact on bone
health than does CFTR mutation status.

In the present study, the frequency of low BMD at
the time of LTx evaluation decreased over time. Low
BMD was found to be much more common in the earlier
study period than in the later study period, a finding
that is consistent with those of other studies. (173537
Although this reduction in the incidence of low BMD
was more pronounced at the femoral neck than at
the lumbar spine, the latter became more severely
affected over time than did the former. The patients
who were evaluated for LTx later in the study period
had a significantly higher BMI. In addition, vitamin
D supplementation (alone or in combination with
bisphosphonate therapy) was more common in those
patients, whereas systemic corticosteroid therapy was
less common. Accordingly, 25(0OH)D levels tended to
be higher in those patients. In addition, because CFRD
was more frequently diagnosed in the later era than in
the earlier era, insulin treatment was more common
among the patients who were evaluated for LTx later
in the study period than among those who were
evaluated for LTx earlier in the study period, a finding
that is consistent with those of another study.® It is
of note that BMD at the femoral neck was found to be



significantly higher in patients with CFRD. Our findings
are inconsistent with those of a recent study comparing
patients with moderate CF evaluated in the 1995-1999
period and those evaluated in the 2011-2013 period,
with no significant differences in BMD or BMI between
the two cohorts of patients. Overall, the current practice
for patients treated at our center has clearly led to a
remarkable improvement in bone health. Our results
indicate that awareness of CF as a “multiorgan disease”,
as well as a focus on improving nutrition and treating
bone disease, together with early detection of CFRD
and insulin treatment (systemic corticosteroid therapy
being avoided), resulted in improved health (including
bone health) and comorbidities that are less severe in
our cohort of patients with CF.

Our study has several strengths. Our cohort
consisted of CF patients with end-stage lung disease,
thoroughly evaluated for LTx by using a standardized
protocol. Therefore, our study provides detailed clinical
information on a unique and well-studied cohort of
patients, who were well-matched for lung function,
performance status (6MWD), relative time to evaluation
for LTx, and estimated 5-year survival. In comparison
with other studies with similar sample size, ours involved
a fairly homogenous cohort of patients with regard to
lung disease severity. Evaluation of patients at a single
center allows direct comparison of BMD values over
a long observation period (i.e., nearly two decades),
given that DXA machines were calibrated accordingly.

One limitation of our study is that DXA results were
reported as T-scores. Z-scores were not available for
most of the patients evaluated earlier in the study
period. For reasons of comparability, data on the
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entire cohort were reported as T-scores. Given that
the study patients were in the 25- to 30-year age
bracket, T-scores were not expected to result in major
data distortion.

CFBD is a common comorbidity in patients with CF
and can have a severe impact on health status and
health-related quality of life. The development and
progression of CF clinical manifestations such as CFBD
are mainly determined by environmental exposure,
medical treatment, and therapy adherence, as well
as CFTR mutation status. The prevalence of low BMD
in CF lung transplant candidates has decreased in
recent years, indicating a better understanding of CF
as a multiorgan disease and improved multidisciplinary
CF care, including early screening and treatment of
CF-related comorbidities. In the present study, we
found no correlation between CFTR mutation status
and CFBD. In our opinion, lung disease severity and
pancreatic insufficiency have a much broader (indirect)
impact on the development of CFBD than does CFTR
mutation status per se.

Overall, we were unable to identify a biochemical
parameter associated with CFBD in CF patients with
end-stage lung disease (with the possible exception of
fasting calciuria, reflecting net bone loss). DXA remains
the only reliable diagnostic tool to evaluate CFBD,
which is still a prevalent and challenging problem,
especially in patients with advanced lung disease,
male patients, and patients with low BMI. In the last
decade, efforts have been made to prevent and treat
CFBD accordingly. Our data show that our current
practice in managing patients with CFBD has lead to
improved bone health.
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