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Abstract

Background: Failure to maintain bone mass density is a major complication in patients with cystic
fibrosis (CF). This study was conducted to evaluate the prevalence of low bone mineral density
(BMD) and also identifying associated risk factors in CF patients.

Materials and Methods: Present study conducted on 59 CF patients aged 5-35 years referred to
respiratory clinic of Masih Daneshvari Hospital, Tehran-lIran. BMD was measured using dual energy
X-ray absorptiometry (DXA) scan. Patients were divided in two groups: cases aged 5-18 years as
group A and cases over 18 years as group B. Anthropometric variables, corticosteroid usage,
pulmonary function test, serum calcium, phosphate and 25-OH vitamin D were assessed and
correlation of them with BMD was investigated.

Results: Low BMD (Z score < -2 standard deviation) was found in 72.8% (44) of patients. There was
a positive correlation between malnutrition, Forced Expiratory Volume 1 (FEV1) and BMD (r=59 and
0.47, P<0.01, respectively). Steroid therapy and Pseudomonas aeruginosa colonization correlated
significantly inversely with BMD (r = -0.34 and -0.32, P<0.05). Vitamin D deficiency was found in
36.7% (18) CF patients. No significant correlation was found between 25-OH vitamin D levels and
BMD (r =0.17; P=0. 23).

Conclusion: In present study, the prevalence of low BMD was about 72.8% with significant
correlation with low weight, BMI (poor nutritional status), FEV1, Pseudomonas aeruginosa
colonization and the use of glucocorticoids.
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Risk Factors of Low BMD in CF Patients

1- INTRODUCTION

Cystic fibrosis (CF) is an autosomal
recessive disorder that occurs in about 1 of
3,500 white newborns (1). New therapeutic
approaches, based on the function of cystic
fibrosis  transmembrane  conductance
regulator (CFTR), lead to increase of the
patients survival with CF to more than 30
years (2). Therefore with survival
increment, the complications including
diabetes, liver disease, infertility and
impaired bone  mineralization  also
increase. Multiple studies well
documented that CF is associated with an
increased risk of fracture in patients due to
low bone mineral density (BMD) (3-5).

Malabsorption of calcium and vitamin D,
pancreatic  insufficiency, malnutrition,
corticosteroids, inactivity, male sex and
delay puberty are involved in low BMD
condition. It has been shown that several
inflammatory diseases such as rheumatoid
arthritis, inflammatory bowel disease and
cystic fibrosis are associated with bone
resorption. The negative bone mass
balance is mostly mediated by
inflammatory cytokines that activate
osteoclasts, impeding  simultaneously
osteoblast function (6, 7).

BMD is commonly measured by dual
energy X-ray absorptiometry (DXA) scans
as a gold standard (8). Low BMD using
the International Society for Clinical
Densitometry definition is considered Z-
score equal or lower than -2.0 standard
deviation (SD), determined for age, sex,
and height (9). In order to offer a new
insight into the correlation between low
BMD and CF, present study was
conducted to determine the prevalence of
low BMD in both children and adults with
cystic fibrosis.

2- PATIENTS AND METHODS
2-1. Study design and population

This cross sectional study was conducted
on Fifty-nine patients with CF aged 5-35
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years who regularly referred to the
Pediatric Respiratory Disease Research
Center (NRITLD) affiliated in Masih
Daneshvari Hospital, Tehran- Iran. The
study has started from December 2013 to
March 2015.

2-2. Methods

Convenience sampling was used for
recruitment of the patients. In all patients,
diagnosis of CF was confirmed by a
specialist, patients were divided in two
groups: cases aged 5-18 years as group A
and cases over 18 years as group B.

2-3. Laboratory measurements

All patients were investigated about CF
onset age, diabetes mellitus and current
use of glucocorticoids. The nutritional
status of CF patients was expressed by
weight, height, and body mass index
(BMI). Blood was sampled for the
measurement ~ of  serum  calcium,
phosphorus, and 25 (OH) vitamins D (10-
12). Spirometry was utilized to measure
forced expiratory volume in first second
(FEV1) at the time of bone density scan.
BMD was measured by DXA using a
Hologic 4500 bone densitometer. In group
B, BMD values were also expressed as a
Z- score and a T- score. Osteopenia is
defined according to the World Health
Organization (WHO) if the T- score was
between -1.0 and -2.5 and osteoporosis is
diagnosed if the T- score was -2.5. Sputum
culture was analyzed for the presence of
Pseudomonas aeruginosa (P. aeruginosa)
(13).

2.4-Ethical consideration

The Ethics committee of the National
Research Institute of Tuberculosis and
Lung Disease (NRITLD) approved the
study (ID number: 93/12/21/963).

2-5. Inclusion and exclusion criteria

Patients aged 5-35 years who was
diagnosed CF and have filled the informed
consent form were enrolled to study.

5238



Jafari Nodoushan et al.

Patients were excluded if they have severe
respiratory  failure or hemodynamic
instability.

2-6. Data Analyses

Results are reported as mean +SD. Pearson
test were used to determine correlation
analysis between BMD and various
clinical variables. Statistical significance
was defined as P < 0.05.

3- RESULT

Of the 59 cases were assessed in present
study, 24 cases (40.6 %) were female and
35 cases (59.4 %) were male. Table.1
summarizes baseline demographic,
anthropometric, and  other  clinical
characteristics.

In present study thirty six CF patients (61
%) were younger than 18 years and 23 (39
%) were 18 years or older. The mean age
was 18.03+5.9 years (results were shown
in Table.2). Age at diagnosis was sub-
divided into < 1 years (n: 24) and > 1 years
(n: 35). Also, six patients (10 %) were
diagnosed with diabetes mellitus.

The mean of BMI was 17.78 + 2.2 kg/m2
for group B. Thirteen patients (56.52%) in
group B had malnutrition based on BMI
measurements (BMI<18.5 kg/m?). In
group A, five patients (13.9%) showed
mild, 9 (25%) moderate and 18 (50%)
severe malnutrition based on weight-for-
age Z- score.

Malnutrition had a significant positive
correlation with BMD (r=0. 595;
P<0.001). Weight, BMI, and malnutrition
significantly  correlated with  BMD
(P<0.05).

The Z- score less than -2 was present in 27
(79.4%) patients in group A, and 16
(69.6%) patients in group B. The
prevalence of total reduced BMD in
present study was about 72.8%. The T-
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score median of total body was available
for 16 patients aged over 18 years. Six
patients (37.5 %) had a T-score <-2.5, 9
cases (56.3 %) had a T-score between —1
and —2, and 1 case (6.3 %) had a normal
T-score. Twenty three males (53.5%) and
20 females (46.5%) had Z- scores < -2.0
SD, but male gender was not correlated
with bone density Z- score (r= 0.04; P=0.
766).

No significant difference was observed
between the two groups regarding Z-scores
(-2.37+ 1.14 and -1.82+1.37) (P=0. 712).
Serum calcium and phosphorus levels
were within the normal range. There was
no significant correlation between bone
density Z- score and age, serum calcium
and phosphorus (P>0.05) (Table.2).

Thirty six patients (63.2%) had severe, 14
(24.6%) moderate, and 3 (5.3%) mild lung
diseases. FEV1 was significantly and
positively correlated with BMD Z- score
(r=0. 475, P<0.001).

25 OHD level was available in 51
individuals (86.4%) with CF. Vitamin D
deficiency (<10 ng/ml) was present in 18
(36.7%) subjects, vitamin D insufficiency
(10-29 ng/ml) occurred in 26 (53.7%)
subjects and only 7 (10.2%) subjects had
normal vitamin D levels (=30 ng/ml).

No correlation was observed between bone
parameter BMD and vitamin D levels (r=
0.171; p=0. 230). Oral corticosteroid
administration (none: 40, short time: 10,
continuous: 7) had a negative correlation
with BMD (r= -0.336; P= 0.009). Forty
two CF patients (71.2%) were colonized
with P. aeruginosa.

There was a negative correlation between
BMD and P. aeruginosa colonization (r= -
0.000 317; P=0. 015). Table.2 shows the
correlation of different factors with BMD
Z scores.
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Table 1: Demographic characteristics and clinical parameters of studied patients

Parameters Group A Group B
(age <18 years) (age > 18years)
Subjects, n (%) 36(61%) 23(39%)
BMD, Z-score -2.37 -1.82
BMD, T-score -2.11
Gender
Male, n (%) 24 (66.7%) 11(47.8%)
Female, n (%) 12(33.3%) 12(52.2%)
Age at diagnosis (<12 month), n (%) 18 (75%) 6 (25%)
BMI (kg/m2), (Mean +SD) 14.62+2.85 17.78+2.2
Weight (kg), (Mean £SD) 31.86+10.9 47.26+8.6
Height (cm), (Mean £SD) 145.64+16.9 162.48+7.9
Underweight, n (%) 32 (88.9%) 13 (56.52%)
FEV1 (Liter), (Mean £SD) 50.7+24.67 50.82+16.8
25-OH vitamin D (ng/ml), (Mean +SD) 23.9+31.2 13.18+10.9
Serum calcium (mg/dl), (Mean £SD) 9.4+0.46 9.2+0.82
Serum phosphorus (mg/dl), (Mean £SD) 4.55+0.68 3.77+0.66
Pseudomonas (positive), n (%) 24(57.1%) 18(42.9%)

BMI: body mass index; 25-OH-D: 25-hydroxy vitamin D; FEV1: Forced expiratory volume in 1second; SD:

standard deviation.

Table-2: The relationship between patient demographic and clinical parameters with bone density Z

scores

Mean = SD
Parameters n (%)

Correlation with bone density Z scores P- value

Bone density Z-scores -2.15+1.25
Age (year) 18.03+ 5.9 0.047 0.725
BMI (kg/ m?) 15.85+3 0.365 0.004
Weight (kg) 37.86+12.5 0.33 0.011
Height (cm) 152.2+16.3 0.19 0.149
FEV1(Liter) 50.76+21.7 0.475 <0.001
25-OH vitamin D (ng/ml) 19.49425.3 0.171 0.23
Serum calcium (mg/dl) 9.32+0.6 0.041 0.759
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Serum phosphorus (mg/dl) 4.95+0 8 -0.102 0.442
Pseudomonas (positive), n (%) 42 (71.2%) -0.317 0.015
Malnutrition 45 (76.2%) 0.595 <0.001
I
Use of glucocorticoids (%) 17 (29.8%) -0.336 0.009

BMI: Body mass index; FEV1: Forced expiratory volume in 1second.

4- DISCUSSION

The prevalence of decreased bone
mineralization in adolescents and adults
with CF is well documented (14).
Previous studies described the incidence of
osteopenia and osteoporosis which ranged
32% -79% (3, 4, 14-17). Few studies have
reported normal bone mineral status in
well-nourished children with mild disease
(18, 19). This difference is most likely due
to population studies. Previous studies
have involved patients with mild disease,
which might underestimate the degree of
osteopenia in a general CF population. In
addition, clinical condition, treatment
regimens and duration of measurement
could be considered as the main factors
associated with bone loss. Several risk
factors have been associated with bone
mass including BMI, malnutrition, FEV1,
decreased physical activity and use of
medication such as glucocorticoids (20).

The mean percent predicted FEV1 in our
population was 51%; although, other
studies reported between 33% and 51%
(21). In addition, our findings revealed a
positive correlation between BMD and
pulmonary function that is in agreement
with previous studies (14). Donadio et al.
(22), reported a positive correlation
between BMD and pulmonary function
and negative correlation with
chronological age and age at diagnosis. A
significant relationship between reduced
Z- score and percent of FEV1 was noted
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by Buntain et al. (23) and Sheikh et al.
(24). On the other hand, in a recent study
by Dennison and coworkers (25), no
significant correlation between BMD and
lung function was reported. The absence of
relationship in Dennison and coworkers'
study can be due to sampling method and
range of lung function. Vitamin D plays a
main role in bone health by regulating
small intestinal calcium absorption and
renal tubular calcium loss. No significant
association was found between low serum
25(0OH) D levels and low BMD in the
present study. According to present study
10.2% of our patients had 25 (OH) D
levels < 30 ng/ml.

This finding is comparable with Conway's
et al. study reported 25 (OH) D deficiency
in 7% of cases (26). Our study is in
contrast with two previous studies by
Sheikh et al. and Abdul Wahab et al. (24,
27) who reported a high prevalence of
vitamin D  deficiency and high
supplementation doses in CF patients.
Suboptimal 25 (OH) vitamin D levels were
noted in 76.9% and 78% of patients,
respectively.

Several studies evaluated the relationship
of gender with bone mass in patients with
CF, but the results are contrasting. In
present study, no significant correlation
was observed between BMD and gender.
In contrast to present study, Sheikh et al.
(24), revealed that Z scores were
significantly lower in males and concluded
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that male gender is a significant
independent variable correlating with low
Z scores. Corticosteroids reduce osteoclast
function and sex hormone secretion, and
inhibit intestinal calcium absorption. In
children and adolescent, the use of
corticosteroids has a negligible effect on
bone formation and growth rates (28).
Inconsistent results about the effects
of corticosteroid use have been reported in
previous studies (17, 26, 29). This study
showed a clear relationship between
corticosteroid use and reduced BMD.
Therefore, our findings recommended the
use of prescribed glucocorticoid with
caution. In the present study, the
assessment of malnutrition in patients with
CF revealed a significant decrease in
weight and BMI, which may be attributed
to several factors. The mean of BMI in our
population was 17.8 and related to
decreased bone mineralization. Similarly,
the BMI mean in other studies varied
between 18 and 21 (21, 30).

A strong positive correlation was found
between malnutrition and BMD. These
results were in agreement with previous
studies in which authors proved that
weight, height and BMI were significantly
lower in subjects with CF which were
related to decreased bone mineralization
(24, 26, 29, 31). P. aeruginosa is the most
common respiratory pathogen in cystic
fibrosis. According to present study
infection with P. aeruginosa was detected
in 71% of cases. Our results were in
accordance with those of Sermet et al. (5)
and Li et al. (32), reported that children
with P. aeruginosa had significantly
lower BMD Z scores. As reported by
Abdul Wahab et al. (27), significant
1. Parker-McGill K, Nugent M, Bersie R,
Hoffman G, Rock M, Baker M, et al.
Changing incidence of cystic fibrosis in
Wisconsin, USA. Pediatric pulmonology
2015;50(11):1065-72.

2. MacKenzie T, Gifford AH, Sabadosa
KA, Quinton HB, Knapp EA, Goss CH, et al .
Longevity of patients with cystic fibrosis in
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negative correlation was observed
between BMD and chronic P.aeruginosa
colonization.

4-1. Limitations of the study

The main limitation of present study was
that the effect of corticosteroid in daily and
total dose of administration didn’t evaluate
and also the body fat didn’t analyzed by
DXA. Finally, the cross-sectional design
of this study cannot capture the dynamic
changes that occur in the skeleton nor risk
of future fractures. In spite of these
limitations, our study provides useful
information on Bone density in patients
with cystic fibrosis.

5- CONCLUSION

In present study, the prevalence of low
BMD was about 72.8% with significant
correlation with low weight, BMI (poor
nutritional status), FEV1, P. aeruginosa
colonization and the use of
glucocorticoids. Small sample size was a
limitation in present study. It is nesssary to
note that if study was conducted on larger
size, it was more probability for reporting
significant cases and also more
generalizability.
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