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ABSTRACT:
Aim:  Some scientific studies show decreased bone

mineral density and increased fracture frequency in patients
with cystic fibrosis. The mechanism for early bone loss in CF
patients are multifactorial: chronic pulmonary inflammation,
malnutrition, reducer physical activity, delayed pubertal matu-
ration. The aim of this study was to assess bone metabolism
markers in patients with cystic fibrosis and compare them with
these in healthy controls.

Material and Methods: We examined 44 patients with
cystic fibrosis with average age 14,7 years. The control group
consist 43 healthy controls with average age 13,8 years. The
levels of bone markers- N Mid Osteocalcin and â Cross Laps
in the serum were examined by  electro-chemiluminescence
method- ECLIA; serum alkaline phosphatase (AP)-  kinetic
method; common and ionized calcium- atomic-absorption
method. The statistical processing of data is made with SPSS
programme- version 16.0.

Results: It was established a statistically significant and
increased levels of the markers of bone formation in patients,
probably as a compensative reaction of the organism to the
increased bone resorption (comparing the median levels of â
Cross Laps in the two groups). This difference stays constant
when only men from the two groups were compared, while
there is no such difference between women. Only in the group
of patients-men there is a significant evaluated levels of â Cross
Laps, compared with the mediate levels in patients-women
and less increased N Mid Osteocalcine and AP. Increasing the
age of patients, the levels of the investigated markers i.e. N
Mid Osteocalcine decrease. This is not found out in the group
of the controls. N Mid Osteocalcine is in positive relation with
AP in the two groups, and that confirms the fact that the growth
of AP returns for its bone fraction. The increase of â Cross
Laps is related with the increase of N Mid Osteocalcine.

Conclusion: In patients with cystic fibrosis changes in
the profile of bone metabolism were observed. The patients
should be under a comprehensive medical and nutritional care
in order to achieve their optimal peak bone mass.
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Cystic Fibrosis (CF) is the most common genetic dis-
ease within the Caucasian population. It has a frequency of
appearance from 1:2000 to 1:4000 among all newborns. For
Europe this frequency is 1:2500 [1].

During the last years scientiests succeeded to throw
light upon the sophisticated molecular mechanism of muco-
viscidosis. A mutation causes the synthesis of a pathological
protein that blocks the chloric channels of the epithelial cell

membranes and it is called Cystic Fibrosis Transmembrane
Conductance Regulator protein- CFTR. As a result, all exocrin
glands in the body are affected. The systems that are most
involved in this pathologic process are the respiratory tract,
gastrointestinal tract and pancreas with premature respiratory
failure.

The life span of these patients has increased from ap-
proximately 2 to 32 yr of age over the last three decades be-
cause of changes in the clinical management of these patients,
including nutritional supplementation, physical therapy and
medication regimes [2].

Bone disease has emerged as a common complication
in long- term surivors of CF [3]. Bone disease in individuals
with CF was first described in 1979. Low bone density and
increased fracture rates are now recognized complications of
this autosomal recessive disease. The origin of the bone dis-
ease in CF appears to be multifactorial [4, 5]. Important con-
tributing factors include: malabsorption of fat- soluble vita-
mins, poor nutritional status, physical inactivity, glucocorti-
coid therapy, delayed pubertal maturation. Additionally,
chronic pulmonary inflammation increases serum cytokine
levels, which, in turn probably stimulates increased bone
resorption and decreased bone formation.

The decreased quality and quantity of  the bone min-
eral, as a result of the above mentioned reasons, leads to patho-
logical fractures and kyphosis in patients with CF, earlier than
expected in healthy people [6, 7]. Besides pain and weakness
they cause, fractures of ribs and vertebri can be associated
with a rapid decline in lung function, either through causing a
pneumothorax or by inhibiting effective sputum clearance.
Vertebral fracture, vertebral deformity and kyphosis can lead
to a reduction in forced vital capacity and reduced ventilator
efficiency.

Early identification of reduced bone mass values would
permit early intervention to prevent the development of oste-
oporosis. Maintaining pulmonary function, guaranteeing op-
timal nutritional status, following an adequate program of
physical activity and controlling steroid intake could main-
tain bone mineral density over time [8, 9]

Aim:
The aim of the current project is to assess bone me-

tabolism markers in patients with cystic fibrosis and compare
with these in healthy controls. The realization of the goals of
this project will give a fillip to the problem for prevention and
early treatment of the bone disease. Prevention, early recog-
nition and treatment are the most effective strategies for sus-
taining bone health to help maintain the quality of life of many
individuals with CF.
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MATERIAL AND METHODS:
In this project 87 people took part- 44 clinically stable

patients with proved desease of CF and 43 age and sex matched
controls. All participants in this research were registered ex-
act age in years and gender.The distribution in accordance
with the sex in the group of the patients, is as follows: boys
N=27 or 61,4% and girls N= 17 or 38,6%. In the group of the
controls this distribution is- boys N= 25 or 58,1 % and girls
N= 18 or 41,9% (table1). The average age of patients is 14,7
years (SD= 7,4), in controls it is - 13,8 years (SD= 7,9). All of
the participants have been taken one time venous blood sam-
ple and the values of the common and ionized calcium and â
Cross Laps- as markers for the level of bone resorption; com-
mon fraction of alkaline phosphatase (AP) and N Mid
Osteocalcine- as markers for the level of bone formation were
measured.

For the examination of the markers were used some
methods as follows: the levels of  N Mid Osteocalcine and β
Cross Laps in the serum were examined by  electro-chemilu-
minescence method- ECLIA; serum alkaline phosphatase
(AP)-  kinetic method; common and ionized calcium- atomic-
absorption method. The statistical processing of data is made
with SPSS programme- version 16.0 and the main methods
are descriptive statistics, Kolmogorov- Smirnoff’s test,
Shapiro- Wilk’ s test, a coefficient of Pirson.

RESULTS:
The statistical processing of the obtained laboratory

results shows that there is a significant distinction in the lev-
els of AP (p=0,006) and N Mid Osteocalcine (p= 0,000) be-
tween the two groups- patients and controls. The values of the
above mentioned indicators are higher in the group of patients.
But there is no significant difference in the levels of the com-
mon (p= 0,587) and ionized (p= 0,256) calcium and β Cross
Laps (p= 0,621) between the two groups. There is no signifi-
cant difference in the age between patients and contols, too-
(p=0,070), (table 2). It is important to mention that in the group
of girls- patients and controls, there is no difference in none
of the indicators that are examined, but this is not the same in
the group of boys. The patients of the male gender show higher
levels of  AP (p= 0,010) and N Mid Osteocalcine (p= 0,000)
than controls. This data is shown on table 3 and table 4. A
significant difference for the two genders in the levels of AP
(p= 0,039), N Mid Osteocalcine (p= 0,045) and β Cross Laps
(p=0,004) is observed only in the group of patients. These
levels are increased in boys (table 5).

The following correlative subjections are determined
for the group of the patients (table 6):

- An inverse correlation of Ca (r=-0,44; p=0,0078), AP
(r= -0,45; p=0,0039); N Mid Osteocalcine (r= -0,34; p=0,0226)
and β Cross Laps (r= -0,48; p=0,0009) for the age;

- A positive correlation between N Mid Osteocalcine
and AP (r= +0,52; p=0,0007);

- A positive correlation between β Cross Laps and N
Mid Osteocalcine (r= +0,53; p=0,0002);

- A positive correlation between β Cross Laps and AP
(r= +0,48; p=0,0022)

The following correlative subjections are determined
for the group of the controls (table 7):

- A negative correlation between the levels of AP (r=-
0,59; p=0,0000); β Cross Laps (r=-0,38; p=0,0127) and the
age of the participants.

- A positive correlation between β Cross Laps and AP
(r= +0,41; p=0,0059).

- A positive correlation between β Cross Laps and N
Mid Osteocalcine (r= +0,50; p=0,0006).

In the group of  patients, a negative correlation between
the levels of AP (r=-0,84; p=0,0002); N Mid Osteocalcine (r=-
0,66; p=0,0041) and β Cross Laps (r=-0,63; p=0,0062) with
the age of the female patients is determined (table 8). For the
female controls the negative correlation between the levels of
AP (r=-0,67; p=0,0025); N Mid Osteocalcine (r=-0,47;
p=0,0510) and β Cross Laps (r=-0,72; p=0,0008) with the age
stays constant (table 9).

While in male patients, there is a possitive correlation
between the levels of N Mid Osteocalcine and AP (r=+0,41;
p=0,0434);  N Mid Osteocalcine and β Cross Laps (r=+0,45;
p=0,0199), but a negative dependence of Ca from the age (r=-
0,61; p=0,0025) (table 10).

The only one determined dependence in the group of
the male controls is the negative correlation between AP and
their age  (r=-0,46; p=0,0198) (table 11).

DISCUSSION:
The genetic essence of CF as a disease, its multi-

systemic character, the increased duration of patients’ life in
the last decades and many other factors that take part in the
pathogenesis of the disease, lead to the revelation of a new
problem for the patients with CF- the affection on musculo-
skeletal system.

This study proves the existence of a significant differ-
ence between the levels of markers for bone formation- N
Mid Osteocalcine and AP in two groups - controls and pa-
tients with CF. The results show that patients have higher lev-
els of bone formation markers (N Mid Osteocalcine and AP
are increased) than controls. There is no significant differ-
ence between the levels of the markers for bone resorption
(Ca and β Cross Laps) in patients and controls.

Bone disease is more typical for adolescents and adults
with CF. Mainly children take part in this study- the average
age is 14,7 years. It’s important to mention that the process of
bone metabolism and the increased levels of bone formation
are more typical for one infant organism. Bone diseases are
connected with the extend of pulmonary affection, nutritive
status of patients, gene mutation type and i.e. That’s why
younger and clinically stable patients (many of the partici-
pants in this study) may have a normal bone density and this
may be in a support of our results.

Having in mind that the difference between the marker
for bone resorption- β Cross Laps, in the two groups- patients
and controls, is not significant, we might say that patients with
CF have higher level of  it (0,847 ng/ml for patients and 0,796
ng/ml - for controls). We may conclude that patients with cystic
fibrosis suffer from increased bone resorption than controls.

In this case the increased levels of bone formation is a
consequence- as a compensatory reaction, from the increased
bone resorption, if we examine, bone as an organ. The previ-
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ously found positive correlative relation, on one hand between
β Cross Laps, N Mid Osteocalcine and AP on the other hand,
confirm that fact.

The significant difference between N Mid Osteocalcine
and AP (markers for bone formation), which is found in boys
who participate in the two groups- patients and controls, stays
unchanged. In girls, this difference is not significant. In the
group of patients with cystic fibrosis, we can say that males
are more affected than females are. That is why our conclu-
sion is that boys with CF have higher levels of bone resorption
than girls suffering of the same disease do. The low levels of
androgens in males have an important role during the period
of growing. The androgenous deficit in patients with CF is
proved by many researches and it leads to cortical and trabecu-
lar osteopenia by means of increasing in bone resorption.

The intensity of bone turnover decreases gradually with
age- found negative correlations between measured markers
and the age of the patients with CF, mentioned above. The
reduction of bone formation in patients with CF, the lack of
the same in controls and the reduced levels of marker for bone
resorption in patients and controls, shows us a tendency for
diminution of the structure of bones in patients with the age.

DEDUCTIONS:
1. Patients with CF who took part in this investigative

project show a significantly increased bone formation in com-
parison to the group of controls. This is probably a compen-
satory reaction of human body to the increased level of bone
resorption (although this is not significant for statistics);

2. Males with CF have an increased bone formation, if
we compare them to males who are controls;

3. Females from the group of patients do not show any
notable difference in all of the examined markers;

4. The males with cystic fibrosis show a statistically

considerable difference of the markers examined in the study,
compared to the women with cysic fibrosis. Patients of male
gender have increased levels of bone formation and bone
resorption than the female patients. Bone resorption is higher
than the formation of the bones;

5. The levels of all of the examined markers in patients
decrease with age. This shows us that the intensive processes
of bone metabolism in early years “calm down” gradually in
upper age groups. This fact is more typical for the process of
bone formation and it is not registered in the groups of contols;

6. N MID Osteocalcine correlates in a positive way
with AP in the two groups and this confirms the fact that the
rise of AP-levels is due to its bone fraction.

CONCLUSION:
The realization of the aims of this project- the exami-

nation of the markers of bone metabolism in children who
suffer from cystic fibrosis compared to children- healthy
contols, proves several important assertions: males are more
affected than females, there is a statistically considerable in-
crease of bone formation markers in comparison to these of
bone resorption in patients and controls, there is a decrease of
all these changes with the age of patients.

Table 1. Distribution of the participants.

participants patients controls

all 44 43

girls 17/  38,6 % 18 /  41,8%

boys 27/  61,3 % 25 /  58,1%

Table 2.

marker group N X SE SD t df p

Age patients 44 14,7 1,1 7,4 -1,84 85 0,070

controls 43 13,8 1,2 7,9    

Ca_all patients 35 2,20 0,02 0,13 0,55 76 0,587

controls 43 2,22 0,02 0,15    

Ca_i patients 40 1,25 0,01 0,08 -1,14 77 0,256

controls 39 1,23 0,01 0,08    

AP patients 39 215,3 21,4 133,3 -2,80 80 0,006

controls 43 152,4 9,1 59,4    

NMidOC patients 44 74,16 7,40 49,06 -3,97 85 0,000

controls 43 41,85 3,25 21,31    

βββββCL patients 44 0,847 0,073 0,483 -0,50 85 0,621

controls 43 0,796 0,074 0,483    

Comparison of the examined indexes between patients and controls.
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Table 3. Females

marker group N X SE SD t df p

Age patients 17 17,2 1,9 8,0 -0,72 33 0,478

controls 18 15,3 1,9 8,1    

Ca_all patients 13 2,23 0,03 0,10 -0,43 29 0,672

controls 18 2,21 0,03 0,14    

Ca_i patients 16 1,27 0,02 0,09 -0,83 31 0,415

controls 17 1,24 0,03 0,10    

AP patients 14 156,9 21,3 79,7 -0,78 30 0,442

controls 18 137,1 15,0 63,8    

NMidOC patients 17 55,63 10,33 42,60 -1,64 33 0,111

controls 18 36,47 5,87 24,92    

βββββCL patients 17 0,591 0,080 0,329 0,40 33 0,690

controls 18 0,645 0,106 0,450    

Comparison of the examined indexes between females-patients and controls.

Table 4. Males

marker group N X SE SD t df p

Age patients 27 13,1 1,3 6,7 -2,15 50 0,037

controls 25 9,0 1,4 6,8    

Ca_all patients 22 2,18 0,03 0,15 0,87 45 0,389

controls 25 2,22 0,03 0,16    

Ca_i patients 24 1,24 0,02 0,08 -0,87 44 0,387

controls 22 1,22 0,01 0,06    

AP patients 25 248,0 29,4 147,0 -2,70 48 0,010

controls 25 163,4 10,9 54,7    

NMidOC patients 27 85,83 9,62 49,98 -3,79 50 0,000

controls 25 45,73 3,57 17,83    

βββββCL patients 27 1,008 0,096 0,499 -0,76 50 0,451

controls 25 0,904 0,097 0,486    

Comparison of the examined indexes between males-patients and controls.

Table 5.

marker group N X SE SD t df p

Ca_all females 13 2,23 0,03 0,10 -1,11 33 0,274

males 22 2,18 0,03 0,15    

Ca_i females 16 1,27 0,02 0,09 -1,19 38 0,242

males 24 1,24 0,02 0,08    

AP females 14 156,9 21,3 79,7 2,14 37 0,039

males 25 248,0 29,4 147,0    

NMidOC females 17 55,63 10,33 42,60 2,06 42 0,045

males 27 85,83 9,62 49,98    

βββββCL females 17 0,591 0,080 0,329 3,05 42 0,004

males 27 1,008 0,096 0,499    

Comparison of the examined indexes between patients- males and females.
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Table 6.

Patients age Ca (all) Ca ++ AP NMidOC
r -0,44     

Ca (all) p 0,0078

N 35     

r 0,09 0,26    
Ca ++ p 0,595 0,132

N 40 35    

r -0,45 -0,04 -0,13   
AP p 0,0039 0,8143 0,4705

N 39 34 35   

r -0,34 -0,04 0,01 0,52  
NMidOC p 0,0226 0,8085 0,9747 0,0007

N 44 35 40 39  

r -0,48 0,09 -0,17 0,48 0,53

βββββCL p 0,0009 0,6225 0,3049 0,0022 0,0002

N 44 35 40 39 44

Some correlative subjections between the examined indexes in the group of patients.

Table 7.

Controls age Ca (all) Ca ++ AP NMidOC
r 0,03     

Ca (all) p 0,8606

N 43     
r 0,20 -0,24    

Ca ++ p 0,2241 0,1391

N 39 39    
r -0,59 -0,05 0,00   

AP p 0,0000 0,7467 0,9835

N 43 43 39   
r -0,26 0,17 -0,31 0,26  

NMidOC p 0,0951 0,2659 0,0519 0,0980

N 43 43 39 43  
r -0,38 0,18 -0,23 0,41 0,50

βββββCL p 0,0127 0,2532 0,1640 0,0059 0,0006

N 43 43 39 43 43

Some correlative subjections between the examined indexes in the group of controls.

Table 8.

Female Patients age Ca (all) Ca++ AP NMidOC
r -0,48     

Ca (all) p 0,0967
N 13     
r -0,04 0,61    

Ca ++ p 0,8694 0,0276
N 16 13    
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r -0,84 0,38 -0,14   
AP p 0,0002 0,2045 0,6583

N 14 13 13   
r -0,66 0,14 -0,30 0,73  

NMidOC p 0,0041 0,6511 0,2569 0,0028
N 17 13 16 14  
r -0,63 0,25 0,12 0,60 0,53

βββββCL p 0,0062 0,4011 0,6660 0,0240 0,0293
N 17 13 16 14 17

Some correlative subjections between the examined indexes for the group of female patients.

Table 9.

Female Controls age Ca (all) Ca ++ AP NMidOC
r 0,34     

Ca (all) p 0,1661
N 18     
r 0,05 -0,40    

Ca ++ p 0,8430 0,1080
N 17 17    
r -0,67 0,00 -0,04   

AP p 0,0025 0,9990 0,8923
N 18 18 17   
r -0,47 0,19 -0,43 0,39  

NMidOC p 0,0510 0,4398 0,0877 0,1085
N 18 18 17 18  
r -0,72 0,13 -0,25 0,59 0,69

βββββCL p 0,0008 0,6191 0,3243 0,0094 0,0014
N 18 18 17 18 18

Some correlative subjections between the examined indexes for the group of female controls.

Table 10.

Male- Patients age Ca (all) Ca ++ AP NMidOC
r -0,61     

Ca (all) p 0,0025
N 22     
r 0,09 0,06    

Ca ++ p 0,6678 0,8073
N 24 22    
r -0,27 0,01 -0,05   

AP p 0,1982 0,9828 0,8343
N 25 21 22   
r -0,06 0,00 0,30 0,41  

NMidOC p 0,7811 0,9825 0,1601 0,0434
N 27 22 24 25  
r -0,34 0,16 -0,22 0,36 0,45

βββββCL p 0,0805 0,4870 0,3089 0,0747 0,0199
N 27 22 24 25 27

 Some correlative subjections between the examined indexes for the group of male patients.
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