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Editorial

Dear Readers,

Facta Universitatis Series Medicine and Biology is attracting more and
more readers and authors. Number of submissions for Facta is growing, as
well as the quality of manuscripts. Editorial Team is especially proud of
managing to attract some key opinion leaders and distinguished scientists to
write for Facta in the period of past three years. This resulted in plenty of
outstanding publications for whom we have great expectation regarding
citations and improving future impact of Facta.

This time of year gives me also the opportunity to wish you Happy New
Year for your personal and professional life.

Editor-in-Chief

) ‘\/. /
& _JQCG/’JC}(/

Ljiljana Saranac
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Opinion Article

THE UNBEARABLE LIGHTNESS OF PRESCRIBING GROWTH HORMONE

Ljiljana Saranac

Faculty of Medicine, University of Ni§, Ni§, Serbia

Abstract. Short stature is the most visible and prominent physical characteristic and one of the commonest reason for
referral to pediatric endocrinologist. It is assumed as disabling condition with psychosocial consequences that seeks
treatment. Behind short stature severe pathology could be hidden, although not necessarily of endocrine origin. Even in the
new millennium, many diagnostic pitfalls and dilemmas persist in confirmation of growth hormone deficiency (GHD), the
first indication that fits in endocrine paradigm: to replace the missing hormone. In 1985 FDA approved recombinant human
GH (hGH) as the treatment of pediatric patients who have growth failure due to inadequate secretion of endogenous GH.
Availability of hGH in unlimited amounts enhanced the number of indications of GH use. Pediatric endocrinologist started
to promote and to apply use of hGH for height in short, but otherwise healthy children, with hormonal normalcy.
Reasonable criticism of such praxis arises in the light of recent safety alerts. The unbearable lightness of prescribing growth
hormone to every apparently or really short child is reaching epidemic progress in Serbia. When authorities in this low
income country (estimated as developing), approved hGH for use in SGA (small for gestational age) children, use and
misuse of hGH exploded. Socially acceptable height, the term applied by some endocrinologists actually means that society
does not accept short people. The pharmaceutical companies go even further offering, besides growth acceleration, better
and brighter future for potential patients, in whom the self-confidence is measured by centimeters of height. However,
benefits of such treatment on quality of life were never confirmed. Children with severe growth failure and documented
GHD should be treated undoubtedly, but use of hGH for height, so called cosmetic endocrinology, needs critical appraisal.

Children and their parents should be informed about height prediction and long-term consequences.
Key words: Growth Hormone Use, GHD, SGA, ISS, Short Stature, Cosmetic Endocrinology.

"Even in the most wary mariner may easily
lose his way as he seeks to steer his bark
amid the glandular temptations whose siren
voices have proved the downfall of many
who have gone before" wrote Boyd in 1943,
according to Bailey [1]

Introduction

Growth failure due to growth hormone deficiency
(GHD) is the easiest endocrine disorder to treat and the
hardest to diagnose [2]. Short stature is the most visible
and prominent physical characteristic. It is assumed as
disabling condition with psychosocial consequences that
seeks treatment. However, benefits of such treatment on
quality of life were never confirmed. Behind short stat-
ure severe pathology could be hidden, although not nec-
essarily of endocrine origin. Neglecting growth moni-
toring in primary and secondary health care centers re-
sults in delayed diagnosis of severe diseases or plenty of
inappropriate referrals. A high frequency of diagnostic
delays is reported for so-called classical target condi-
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tions, such as Turner syndrome, GHD, Crohn’s disease,
celiac disease and cystic fibrosis. On the other hand,
inadequate growth monitoring can result in unnecessary
diagnostic cumbersome investigation [3].

It was hoped that the discovery by Evans and Long
in 1921 of a mammalian pituitary gland extract capable
of producing growth in laboratory animals, would solve
the problem of short stature in children. However, it was
not until 1956, when growth hormone from human pi-
tuitary glands was extracted by Raben. In 1957, the ef-
fective treatment was available for the small percentage
of short children with growth hormone deficiency. GH
substitution therapy in hypopituitary man, published in
NEJM by Raben in 1962 was an example of the first
personalized therapy use [4]. In late 1984, a 20-year-old
man who was previously treated with cadaveric pitGH
died from Creutzfeldt-Jakob disease, which led to
abrupt withdrawal of pitGH in United States. In 1985
FDA approved recombinant human GH (hGH) as the
treatment of pediatric patients who have growth failure
due to inadequate secretion of endogenous GH, and
shortly after hGH was approved in Europe. Availability
of hGH in unlimited amounts since 1985, enhanced the
number of indications of its use (Table 1).
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Table 1 Approved Indications for hGH use in EU,
Serbia and USA

European Union and Serbia  United States of America
=GHD in children and adults =GHD™ in children and adults
=Turner Syndrome =Turner Syndrome
=Small for Gestational Age  =Small for Gestational Age
=Prader-Willi Syndrome = Prader-Willi Syndrome
=Chronic Renal Failure = Chronic Renal Failure
= |diopathic Short Stature
(1SS)
= SHOX deficiency
=Noonan Syndrome
= Short Bowel Syndrome
= AIDS wasting in Adults
* GHD — Growth Hormone Deficiency

For prescribers the availability of abundant amounts of
recombinant human growth hormone led to introduction of
hGH for height treatment, and not only for substitution of
missing hormone or restoring physiological hormonal
normalcy. The diagnosis of GHD was widen and more
inclusive by arbitrary raising cutoff diagnostic values in
provocative testing. The old diagnostic criterion,
commonly used in the past for GHD in children was peak
level during stimulation less than 3 ng/mL (very restrictive
and limited to severe or persistent and true GHD, also
called ,certain" or ,definitive GHD"). Paradoxically, as
GH assays grew more specific, criterion for failing a GH
stimulation test grew even more generously. Cutoffs rose
from 3 to 7 ng/mL to the current 10 ng/mL level [5]. MRI
findings are more cosistent with clinical characteristics of
GHD and more predictive of response to hGH therapy than
are peak GH responses in provocative testing. Structural
abnormalities of the hypothalamic-pituitary region have
been described on MRI in up to 90% of patients with
multiple pituitary hormone deficiency (MPHD), suggesting
that brain MRI may represent the first-line investigation for
diagnosing GHD, especially in infancy and early childhood
[5,6]. In 2003, the FDA expanded hGH use to the
treatment of ISS (ldiopathic short stature), also called non-
GH-deficient short stature, defined by height standard
deviation score (SDS) <-2.25 (<1.2nd percentile). The
height cutoff of —2.25 SD (1.2nd percentile) corresponds in
adults to 160 cm for men and 150 cm for women [7-9].
The concept of of ISS is controversial, artificial, arbitary
and heterogeneous, including normal and patients with
pathology, but having one thing in common: our ignorance
to obtain an etiopathogenic diagnosis [5, 8].

Short stature is one of the commonest reasons for re-
ferral to most pediatric endocrine clinics. The unbeara-
ble lightness of prescribing growth hormone to every
apparently or really short child is reaching epidemic
progress in Serbia. When authorities in this low income
country (estimated as developing), approved hGH for
use in SGA (small for gestational age) children, use and
misuse of GH exploded. Without any serious estimation
of pro and contra reasons, many times under pressure of
parents, children get GH. Even children with failure to
thrive because of gluten intolerance or caloric restriction

LJ. Saranac

due to poverty, get hGH therapy, as result of superficial
investigation or misdiagnosis. Medical doctors without
any international reference travel across the planet
sponsored by pharmaceutical industry, get a big hono-
raria promoting that bigger is better and even healthier.
But, children are not so happy with their daily injec-
tions. The height gain is variable as myriad of reasons
influencing growth are in game. The average increase in
adult height after multiple years of treatment ranged
from 3.56 to 7.56 cm. The question arises whether an
average height gain of 5cm should be considered as
satisfactory taking into account the cost of 70 000 $ for
such gain (or 10,000$-60,000$ per patient year), besides
pain of daily injections and discomfort of frequent peri-
odic clinical investigations [9-11].

Thus the arrival of recombinant hGH shifted basic
endocrine paradigm in endocrinology: to substitute defi-
cient hormone and to suppress hyperfunction or; physi-
ological hGH replacement to pharmacological hGH
therapy for height enhancement [9]. This new statement
is not free of potential severe consequences. As key
opinion leader, Allen DB emphasized that there is in-
creasing uncertainty about the real benefits and potential
risks of hGH therapy for many thousands of short, but
otherwise healthy children [9,10]. Applying hGH in
children with hormonal normalcy as in ISS is common
decision of parents and doctors. Laventhal et al. [11]
describe this complex relationship as a tango for three
(patients and their parents, doctors willing to prescribe
and regulators ready to approve and to pay for its use).
As De Vries noticed [12] they do not mention a fourth
dancer: the pharmaceutical companies. Marketing strat-
egies of these companies result in intense and close
doctor-industry relationships and could influence doc-
tors’ prescribing practices [13—15]. Prescribers of hGH
became "investigators” whose institution or even they
personally, received per-patient compensation for de-
tection, treatment and follow-up and reporting hGH-
treated patients [10, 15]. Recent articles published in
Hormone Research in Pediatrics and in The New Eng-
land Journal of Medicine summarize all important is-
sues in this area. They attracted my attention by reason-
able criticism of cosmetic endocrinology and also re-
vealed new, brilliant explanation of such phenomenon,
lurking behind the scene [9, 10,15].

GH Effects beyond Height

Many teenagers with GHD have poor bone strength,
fatigue and lack of stamina, as well as depression, lack
of concentration, poor memory and anxiety problems.
As a mother of one GH deficient child said: "GHD isn’t
just about growth, as lack of growth hormone impacts
the child in many ways, such as lack of strength and
they can find it difficult to keep up physically with their
peers. It impacts the child self-esteem as they are often
treated as being much younger, because of their size"
[16]. GH treatment allows the child to growth to their
genetic potential. Majority of short people have life-
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long problem in finding appropriate clothes and shoes,
or purchase in children’s stores, because shops do not
carry their size [17]. Severe short stature is no doubt,
physically debilitating requiring special accommoda-
tions for reaching shelves or driving [15].

Components of GH-IGF-1 axis make an important
contribution to the development, function, regeneration
and neuroprotection of the CNS. GH plays well estab-
lished roles in neurogenesis, axonal elongation and for-
mation of oligodendrocytes, astrocytes and glial cells, as
well as in angiogenesis, synaptogenesis, and synaptic
transmission and prevention of neuronal apoptosis
[18,19]. Indeed in patients with congenital classic triade
syndrome, we were informed by parents about im-
provement in maturity and positive behavioral changes.
Namely, true GHD shows not only impairment in psy-
chological well-being but also defects in attention,
memory and executive function, with evidence of im-
provement in cognitive function after GH replacement
[18-20]. This effect is more evident in "definite GHD"
and it is obtained at least partly by stimulating T4 to T3
conversion with great impact on neurodevelopment.

The discontinuation of treatment in adolescents with
GHD after completion of linear growth may be associ-
ated with adverse effects on body composition, lipid
profile, and cardiac morphology [18].

While people tend to attribute significantly less
favorable characteristic to short persons, research
repeatedly in majority of studies fails to detect an excess
of psychosocial adaptation problems among short-
statured youths [15]. Socially acceptable height, the term
used by some endocrinologists actually means that
society does not accept short people. The pharmaceutical
companies go even further and offer, not only growth
acceleration and improvement of final height as result of
GH therapy, but also better and brighter future for
potential recipients in whom the self-confidence is
measured by centimeters of height. As Allen DB noticed:
LIt is too good to be all good" [15]. Is hGH ,panacea or
Pandora's box?" he asked [21]. A trend of exaggeration of
hGH use for height, ,,heightism" [21,22] remainds me of
sociopathic virus of fear of aging (,,ageism"), also
imported in Europe from USA. Justification of hGH use
for height needs confirmation that this treatment is safe
and free of serious short term and long term adverse
events. These phantastic references also led me to
publications of Samaras concerning of logevity regarding
height. Within generally healthy conditions short people
live longer. Most centenarians tend to be short or small. It
is best to be short and lean and to restrict protein intake.
One mechanism supporting the "shorter and smaller is
better" thesis is somatic cell duplication potential. Bigger
bodies use up more cell replications during their
maturation, because they contain more cells. It takes
more cells to build and maintain a bigger body, and more
cells increase the risk in cancer in taller people. Big
people cost more [23-25]. Disruption of the GH-IGF-1
axis may result in increased longevity [26].
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Safety Issues

Occurrence of adverse events during hGH treatment as
intracranial hypertension, glucose intolerance, a slipped
capital femoral epiphysis is well known and its
incidence is low [27]. Physician’s discussions with
families must involve honest and realistic appraisal of
treatment expectations for height gain [11]._It is worri-
some that serious adverse events usually are not dis-
cussed. Post marketing studies sponsored by pharma-
ceutical companies, manufacturers of hGH so far re-
ported only short term adverse events. Short term ef-
fects are not long term effects, more precisely; long
term effects are still unknown. This statement does not
refer to GH deficient subjects on hGH substitution ther-
apy, but to hGH applied for height in healthy children.
When the announcement on increased mortality in
GH treated individuals reached the headlines a lot of
anxiety was produced in professional and scientific
community as well as in GH recipients and their fami-
lies [28]. The study on the Safety and Appropriateness
of GH treatments in Europe (SAGhE study) announced
that that the observation of long-term outcomes of chil-
dren treated with hGH between 1985 and 1996, revealed
a significant excess mortality (93 deaths vs. 70 expected
from an age-matched population in France) [29]. Addi-
tionally a follow-up of 30 000 low-risk children treated
with hGH between 1980 and 1990 in 8 European coun-
tries, who had reached 18 years of age between 2009-
2010 was performed. Patients were classified as low
mortality risk if they were diagnosed as idiopathic
GHD, SGA, or ISS without genetic syndrome or de-
fects. Patients with renal failure, short stature syndrome,
like Turner syndrome, and tumor survivors were ex-
cluded. A preliminary report from France on 6928 low-
risk children with mean follow-up of 17.3+4.1 years
from the start of therapy showed an increase in the
overall standardized mortality ratio. The increase in all-
cause mortality was associated with a higher hGH dose
of >50 pg/kg/day, but not with the severity of GHD or
the duration of total GH exposure. Increased mortality
rate was due to bone tumors, cardiovascular events and
cerebrovascular hemorrhage [28-30]. Results have not
been reproduced by reports from other countries partici-
pating in the study. Among 21 deaths identified, 12
were due to accidents, four were suicides, and one pa-
tient each died from pneumonia, endocrine dysfunction,
primary cardiomyopathy, deficiency of humoral im-
munity, and coagulation defect [31]. The question of
whether GHD per se is associated with an increased
mortality, taking into account that pituitary produces
LIF (Leukemia Inhibiting Factor) is for debate. It is
strongly recommended by health authorities that hGH
should be given to those who need it and the dose
should be kept in the range given in the clinical trials
that led to the registration of the medication [7,10,28].
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The Situation in Serbia

Pediatric endocrinologists and pediatricians in Serbia
embraced hGH use ever since its approval. We have
published in 2004, Guidelines for early detection and
treatment of children with congenital and acquired
GHD, Turner syndrome and SGA. The publication in
Serbian is result of team work, in accordance with
Growth Hormone Research Society Consensus Guide-
lines for the treatment of GHD. Although not free of
imperfections and confounders this recommendations
contributed a lot in clarifying this complex area [32,33].
A plenty of periodical lectures are given, targeting pedi-
atricians in Primary Health Care as a first line doctors,
supposed to recognize and to refer short stature patients
to Pediatric clinics with certified pediatric- endocrinolo-
gists. And this strategy works with regard to number of
GHD children on hGH therapy in Serbia. However, the
diagnosis of GHD is still made too late; in prepubertal
or pubertal age. Unfortunately some short patients are
referred after achievement of final heght. Data from the
International Outcome Study (IOS) confirmed late
referral of Serbian GHD children. The mean age at
treatment start in Serbia is 11.2+3.5 years in comparison
to 8.2+4.1 years in Czech Republic [34]. And vice versa
non GHD children are often diagnosed as deficient due
to reliance on GH provocative tests as the main
diagnostic criterion of GHD [5,7]. The auxology is used
as tool for detecting candidates for hGH treatment and
not to establish accurate and exact diagnosis. Many
clinical doctors are crossed planet due to medical
tourism sponsored by hGH manufacturers; namely it is
hardly to find any point, where some prescribers of hGH
have never been. It is worthy to say that some of us are
active in presenting Serbian results in the field all over
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Abstract. Arterial hypertension is widespread in the population of workers. Stress at work has a significant impact on the
emergence of many psychosomatic diseases including arterial hypertension. The aim of this research is to show the
influence of professional stress on the occurrence of arterial hypertension, its complications and the permanent working
ability of exposed workers in construction. The survey covered 1900 construction workers. The standardized questionnaire
has assessed the level of stress and professional stressors in their workplaces. The survey group consisted of 1350 workers
whose level of total professional stress index (OSI) was over 60, and a control group of 550 workers with an OSI level below
60. The prevalence of arterial hypertension and its complications is statistically significantly more frequent in the examined
than in the control group. In the investigated group, a statistically significant number of workers were registered, who, due
to their complete loss of working ability, were sent to the disability commission. With an increase in OSI values above 71,
the number of workers with complete loss of working capacity is significantly increased in relation to the number of workers
who are capable of working. Professional stress is a significant factor that affects the occurrence of arterial hypertension, its
complications on vital organs, which lead to a complete permanent loss of working ability of exposed workers in

construction.

Key words: professional stress, arterial hypertension, complications of arterial hypertension, work ability,

construction.

Introduction

Stress at work is expanding and it has a major impact on
the emergence of many psychosomatic diseases includ-
ing arterial hypertension [1-3]. Arterial hypertension is
widespread in the population of workers [4—6] and rep-
resents a significant medical and economic problem
[7,8]. Our previous research has shown a significant
impact of stress on the work on temporary inability to
work with workers with arterial hypertension [9]. Par-
ticularly important is the question of the impact of stress
on the long-term ability of exposed workers.

Aim

The purpose of this research is to demonstrate the im-
pact of professional stress on the occurrence of arterial
hypertension, its complications and the permanent

working ability of the exposed workers in construction
industry.
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Methodology

The survey covered 1900 construction workers. In all
respondents, the use of a standardized questionnaire
with the approval of the author was performed by an
analysis of stress factors at the workplace and the cal-
culation of the overall professional stress index (OSI).
This method is based on the application of a workplace
questionnaire containing 9 areas whose responses are
graded with a scale of 0 to 2, where 0 means "not pre-
sent”, while 2 means "very present". The application of
the computer program determined the total Occupa-
tional Stress Index (OSI score), which represents the
total stress on stressful working conditions, as well as
the burden on certain groups of professional stressors. A
standardized questionnaire was written by Dr. Karen
Belki¢ [10], who divided the stresses in the workplace
into 7 groups (high job demands, rigor, conflict, sub-
contract, exposure to hazards, time limit, and exposure
to noxiousness). The questionnaire encompasses 79
factors which are divided into a two-dimensional ma-
trix, where in the vertical axis is the level of transmis-
sion of the information represented in a human (infor-
mation reception, decision-making, operation and gen-
eral level) and on the horizontal axis are the aspects of
stress (sub-load, high requirements, time less, avoidance
of danger and conflicts). Each element has a set of co-
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ordinates so that it is possible to make a total sum of all
aspects where the sum of the sums of all elements
makes a total OSI score that quantifies the total burden
of professional stresses. Each element counts from 0 to
2 points (0 — no presence, 2 — strong presence), so the
biggest score is for the highest exposure in the
workplace. The sum of all elements of each aspect of
stress at a certain level of information transfer is
calculated, as well as the total sum of a certain aspect of
stress at all levels of information transfer. Aspect
underload implies acceptance of similar signal,
receiving rare signals, working alone without the need
to communicate with other people, making decisions
automatically based on the information received, the
execution of the same, simple tasks, fixed salary
regardless of our work, the inadequacy of wages for the
environmental needs of workers and their family, failure
to progress and lack of recognition for work,
monotonous work. The high demand aspect includes the
existence of several sources of information at the same
time, diverse information, primary visual observation,
high flow of incoming information, three sensory
stimulus at the same time, the need for communication
at work, complex and quick decisions affecting
associates, pay for performance, lack of pause, shift and
night work, and lack of holidays. The aspect of
constraints (rigor) involves detecting all incoming
signals, performing tasks according to strictly defined
standards, fixed position during work, doing work in a
cramped, skilled work space, limited influence on
decision making with whom the job is shared. External
time pressure (time limit) implies the impossibility of
delaying decisions, reduced ability to control task
execution, the need for speeding up the work, and the
existence of a time limit for performing some work.
Exposure to external noxious agents means exposure to
blinding light, flashes, noise, vibrations, temperature
extremes, gases, vapors, dust, and lifting loads. Avoid-
ance of danger (an aversion) as an element of mental
stress involves constant readiness to avoid possible seri-
ous consequences, presence visually disturbing scenes
and events, work in the presence of flammable sub-
stances, an accident, testifying in court for an accident
at work. Conflicts mean that there is an unclear differ-
ence between various incoming signals, the lack of es-
sential information for decision making, the obtaining of
contradictory information, the confrontation with unex-
pected events that require the change of the previous
work plan, creating conflict and uncertainty in decision
making, interruptions in the work of other people,
working atmosphere burdened with interpersonal con-
flicts, lack of support and assistance from colleagues,
inability to progress in the profession, work relationship
at a certain time or threat of cancellation, violation of
one's own norms and rules of conduct. The Professional
Stress Index (OSI) is the main sum of the whole model
and gives the characteristics and size of stress in the
workplace. In relation to the value of OSI, the respond-
ents in this study are divided into two groups. The ex-

amined group consisted of 1350 construction workers
from several companies who were exposed to stress at
work, with an OSI value of over 60, and were mainly
workers working at height, handling construction ma-
chinery and exposed to increased psychophysical efforts
and the effects of physical and chemical harm. The
control group consisted of 550 administrative workers
from several construction companies who worked at
workplaces and in conditions where the OSI was below
60. The average age of the group was 53.8 + 10.5 years
and control group workers 54.7 £+ 11,5 years, which
does not represent a statistically significant difference
(p> 0.05). In the examined group, 51.3% were smokers,
and 48.9% of the workers constantly consumed ciga-
rettes, which is not statistically significant (p> 0.05).
Blood pressure was measured in all workers. Chronic
elevations in blood pressure over 140/90 mm Hg were
considered as arterial hypertension. In the case of work-
ers with arterial hypertension, a detailed analysis of the
health status and assessment of the work ability for the
work that was performed at that moment was per-
formed. In addition to work, personal, family and social
history was gathered, data on problems including labor-
atory tests (sedimentation of erythrocytes, blood test
results, urine examination, glycemia, cholesterol, tri-
glycerides, electrolytes, urea, creatinine, acidum
uricum), EKG, echocardiographic examination, physical
exercise test with determination of the consumption of
oxygen during the test, ultrasound examination of the
kidney. In relation to complications of arterial hyperten-
sion, workers are classified into one of five groups:

1. Arterial hypertension without complications - in
case that no complications are found on vital organs,

2. Arterial hypertension with heart complications - in
case of heart rhythm disturbances, coronary disease,
hypertrophy, or myocardial left ventricular dilation,

3. Atrterial hypertension with complications in the eye
bottom - in case of changes in blood vessels of the
retina,

4. Arterial hypertension with complications on the
central nervous system,

5. Arterial hypertension with complications on other
organs - in the event of complications on other or-
gans (kidney, peripheral blood vessels).

Based on the analysis of working conditions, work-
ing environment, health status and estimation of the
functional capacity of the cardiovascular system, an
opinion was given on the working ability of each re-
spondent. The results are statistically processed and
shown in the table.

Results

By analyzing the demands of jobs, the presence of
noxious agents and the analysis of professional stressors
in workplaces, it has been noticed that the workers of
the investigated group were exposed to a statistically
significantly higher level of the index of total profes-
sional stress (85.89 = 4.21, min = 60.5, max = 90)
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groups (55.53 £ 3.92, min = 45.5, max = 59.5). Values
for all groups except the work stressors, stress from the
group of a time limit, a statistically significantly higher in
the experimental compared to control group (Table 1).

Arterial hypertension is statistically significantly
more frequent among the workers in examined group
(40.3%) compared to control group workers (24.1%) (p
<0.05). Arterial hypertension without complications on
vital organs was statistically significantly more common
among examined workers (30.9%) compared to control
group workers (19.1%) (p <0.05). Among the compli-
cations of this disease in both groups dominated by
changes in the heart and the eyelid (Table 2).

By monitoring the prevalence of arterial hyperten-
sion in relation to the work experience in the examined
group, an increase in prevalence with years of service is
recorded as both arterial hypertension without compli-
cations and arterial hypertension with complications.
The prevalence of arterial hypertension without compli-
cations but also with complications on vital organs sta-
tistically significantly increases in groups of workers
with a working experience over 21 years (Table 3).

J. Jovanovié, L Sarac, J. Jovanovié, D. Sokolovi¢, S. Jovanovié

The analysis of the the results of the assessment of
working capacity showed that in the tested group there
is significantly higher number of workers sent to the
disabled workers’ committee because of a total loss of
working ability in comparison to the control group. In
the control group, there was a statistically significant
increase in the number of workers who were able to
continue their work in relation to the tested group of
workers (Table 4).

By monitoring the results of the evaluation of the
work ability in relation to the value of the index of pro-
fessional stress, it is noticed that with the increase in the
OSI level, the number of workers sent to the disabled
workers’ committee due to complete loss of working
ability is increasing. The number of workers with com-
plete loss of working ability is statistically significantly
increased in the subgroups of workers who are exposed to
OSI over 71, in which statistically significantly higher
number of workers with complete loss of working ability
are registered in relation to the number of workers able to
work (Table 5).

Table 1 Values of professional stressors and the total index of professional stress at the control and examination groups.

Professional stressors Examined group  Control group P
X SD X SD

High job requirements 19.34 515 10.05 4.27 <0.001
Strictness 15.42 202 1013 3.68 <0.001
Conflict 16.57 4.74 9.38 2.58 <0.001
Underload 5.98 164 1171 3.98 <0.001
Exposure to noxiousness 1221 5.75 6.23 1.58 <0.001
Time limit 7.13 1.81 6.72 1.75 n.s
Exposure to noxious agents 9.24 1.48 1.31 1.10 <0.001
OSI total 85.89 421  55.53 3.92 <0.001

n.s.— difference is not significant

Table 2 Prevalence of arterial hypertension in the examined and control group

Examined group Control group p
N=1350 N=550

Number %  Number %
Arterial hypertension without complications 418 305 105 19.1p<0.05
Arterial hypertension with complications on the heart 55 4.1 13 24 ns.
Arterial hypertension with complications on the eyelet 50 3.7 12 2.2 ns.
Arterial hypertension with complications on the central nervous system 15 1.1 2 04 ns.
Arterial hypertension with complications on other organs 5 0.4 1 0.2 ns.
Total 543 40.2 133 24.1p<0.05

n.s.— difference is not significant

Table 3 Arterial hypertension in the examined and control group in relation to the work experience.

Working Examined group Control group pl p2
expirience N  Hypertension without ~ Hypertension N  Hypertension without Hypertension

(years) complications with complications complications with complications

n % n % n % n %

<10 340 57 16.7 13 3.82 139 25 17.9 5 3.6 n.s n.s
11-20 338 61 18.1 17 5.03 137 25 18.3 8 5.8 n.s n.s
21-30 345 145 42.0 48 139 140 27 19.3 8 5.7 <0.05 <0.05
31-40 327 155 474 47 14.4 134 28 20.9 7 5.2 <0.05 <0.05
Total 1350 418 30.9 125 9.2 550 105 19.1 28 5.1 <0.05 <0.05

pl — statistical significance of difference between test and control group in the presence of arterial hypertension without complications
p2 — statistical significance of difference between test and control group in the presence of arterial hypertension with complications
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Table 4 Results of assessment of the working ability of workers with arterial hypertension in the examined and
control group

Examined group Control group pl p2
N Capable for Referred tothe N  Capable for  Referred to the
work Disability work disabled workers’
Commission committee
n % n % n % n %
Hypertension without complications 418 245  58.6 173 414 105 103 98.1 2 1.9  <0.05 <0.05
Hypertension with complications 125 11 8.8 114 912 28 27 964 1 3.6 <0.05 <0.05
Total 543 256 47.1 287 52.8 133 130 977 3 2.2 <0.05 <0.05

Table 5 Results of the evaluation of working capacity in relation to the value of OSI

OSI Capable for work Referred to the p
Disability Commission

N number % N number %

60-70 481 203 422 181 78 43.1 n.s.
71-80 453 39 8.6 186 91 489 <0.05
81-90 416 14 34 183 118 64.5 <0.05
Discussion blood pressure [18]. According to the literature, a signifi-

In this study it was determined that construction workers
are exposed to high levels of occupational stress. Similar
results have been found by other authors who have stud-
ied the working conditions of construction workers [11].
At workplaces construction workers registered with stress
factors that could affect the occurrence, evolution and
flow of arterial hypertension, which should be taken into
account when making the final opinion of the working
ability of these workers [12]. In this study, high preva-
lence of arterial hypertension among construction work-
ers (40.3%) was established. The prevalence of arterial
hypertension registered in this study is higher than in the
results reported by other authors who have followed the
risk factors for cardiovascular disease in construction
workers in other environments. Thus, Prabhakaran [13]
states that 32% of construction workers have arterial hy-
pertension, and Sze Pui Pamela Tin states in his research
the prevalence of arterial hypertension among construc-
tion workers in 22.6% [14]. These differences in preva-
lence can be explained by differences in age among the
surveyed population groups of construction workers (in
the Sze Pui Pamela Tin survey, the average age of con-
struction workers was 43.1 + 11.5 years, and in this sur-
vey the average age of construction workers is 53.8 £
10.5 years) and different lifestyles and habits (51.3% of
smokers among construction workers in this study while
there were 39.1% smokers in Sze Pui Pamela Tin's re-
search). There is convincing evidence in the literature that
the factors of occupational exposure (stressed profes-
sional noxious agents and job requirements) can be fa-
vorable factors in the faster development of arterial hy-
pertension [15-17]. Peters found that high-demand jobs
and small controls over them, such as building workers,
lead to a rise in blood levels of catecholamines and corti-
sols, which among other things results in an increase in

cant correlation between the high demands of work, arte-
rial hypertension and cardiovascular disease [19,20] was
established. The restriction (strictness) of construction
workers is reflected in the need to carry out jobs accord-
ing to strictly defined standards and according to the re-
sults of previous research it may be a risk factor for the
cardiovascular system [21,22]. The external time pressure
that as a professional stressor in construction workers
means that the worker has no influence on the pace of
work and decision-making that cannot be postponed or
indirectly involves long hours. Long working hours in
epidemiological studies have been proven to be a stress-
ful workplace and a factor contributing to the faster de-
velopment of arterial hypertension and coronary disease
[23-26]. Conflicts in the workplace, present in the sub-
jects in this paper, arise when the work or work rhythm
breaks up, leading to the occurrence of professional
stress. There is an increase in arterial blood pressure and
less satisfaction with work [27-28]. Unpredictable
changes in the plan lead to the creation of new plans,
which requires additional effort and stress [29]. One of
the stressed noxious agents in the working environment
of the construction workers is industrial noise. Clinical
studies have shown that industrial noise is a significant
factor contributing to the faster arterial hypertension in
exposed workers [30—32], where the noise present in the
community environment highlights the harmful effects of
industrial noise on the blood pressure of exposed workers
[33]. Noise can cause an increase in blood pressure and
the occurrence of arterial hypertension by various
mechanisms. Possible pathogenetic mechanisms are the
influence of noise on the increase in circulating cate-
cholamine concentrations released from the adrenal me-
dulla as a result of activation of the adrenergic nervous
system, the effect of higher adrenal steroid concentra-
tions, the increased activity of the renin-angiotensin-al-
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dosterone system under the effect of noise, and the effect
of noise on the increase in total peripheral vascular re-
sistance [34]. Neuroanatomic relationships in the central
nervous system allow acoustic stimulus not only to affect
the auditory area of the bark of the large brain, but also
the limbic system, that is, the hypothalamus, leading to
stimulation of the sympathetic and vasoconstriction on
the periphery, resulting in an increase in peripheral re-
sistance and an increase in blood pressure. Constantly
repeated noise stimulation, in time, leads to chronic ele-
vation of sympathetic tone, which can accelerate various
structural changes on the vascular system and increase
the peripheral resistance of the blood vessels leading to
permanent arterial hypertension [35]. Over time, arteri-
oles hypertrophy, thickness of the blood vessel wall in-
creases and blood vessel sensitivity increases. Profes-
sional exposure to vibrations, the same pathogenetic
mechanisms as noise, can favor a more frequent occur-
rence of arterial hypertension and coronary disease [36].
Working in the presence of inadequate air temperature of
the working environment is a stress for the body of the
worker, which in time leads to an increase in blood pres-
sure and arterial hypertension [37—39]. This reaction of
the cardiovascular system depends on the age of the
worker, the level of workload and the genetic predisposi-
tion of the worker [40,41]. There is increasing evidence
that long-term work in conditions of reduced outdoor air
temperature can potentiate the development and occur-
rence of arterial hypertension in exposed workers [42,43].
A monotonous work involving repeatedly recurring ac-
tivities is associated with a more frequent occurrence of
arterial hypertension, coronary disease, diabetes mellitus,
and hypercholesterolemia of exposed workers [44],
which can be partly explained by a greater number of
smokers among workers who perform monotonous activ-
ities [45,46]. Working in shifts and during the night, the
happiness of the construction workers leads to the dis-
ruption of circadian rhythm and can be a significant fa-
voring factor in the faster arterial hypertension [47,48].
Workers who work in shifts due to circadian rhythm dis-
orders often suffer from arterial hypertension [49,50],
which can be explained by the frequent occurrence of the
habit of consuming cigarettes, alcohol and caloric food
among "shift workers", and a more frequent occurrence
of neuroses among workers working in shifts [51,52].
There is more and more convincing evidence that a
chronic exposure to chemical agents at the workplace
contributes to the faster arterial hypertension of exposed
workers [53,54]. Some authors found a greater preva-
lence of ischemic heart disease, arterial hypertension, and
kidney disease in residents living near lead smelters [55].
Simultaneous exposure to noise, lead, manganese and
inadequate microclimate factors contributes to the more
frequent occurrence of arterial hypertension of exposed
workers [56]. Organic solvents lead to an increased re-
lease of catecholamines from the adrenal gland and to an
acid-base disorder, which can negatively affect blood
pressure regulation and circulation [57]. In a group of or-
ganic solvents, carbon dioxide takes a special place that
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leads to lipid metabolism disorders, favors the athero-
sclerosis process, suppresses the thyroid gland (can lead
to hypothyroidism) and potentiates the development of
arterial hypertension faster [58,59]. Constant exposure to
vinyl chloride leads to an increase in the secretion of cat-
echolamine and peripheral circulation disorders [60-62].
This study analyzed separately working ability of patients
with arterial hypertension and its complications. The
most important factors determining the working ability of
workers with arterial hypertension are the biological de-
mands of the workplace (in particular the level and type
of workload, the presence of stressed nose and those
harmful effects that affect the height of blood pressure
and the occurrence of complications of arterial hyperten-
sion), the functional state of the cardiovascular system,
arterial hypertension, age, year of work experience and
employee motivation. Assessment of the working ability
of patients with arterial hypertension and complications is
done by aligning the biological functions of the organism
with the requirements, risks and characteristics of the
workplace. In assessing work ability, the psycho-physical
and psychophysiological potentials first must be defined.
Diagnostic procedures assess the health characteristics of
the organism, the functional working capacity and the
functional state of organs and organic systems. At the
same time, an analysis of biological demands, loads and
occupational risks in the workplace is carried out. In the
end, the data obtained from previous actions are harmo-
nized [63]. Opinion on working abilities is mostly based
on the exercise of physical effort in the conditions of pro-
fessional harmfulness. The results of this paper indicate
high correlation between the presence of professional
stressors and the complete loss of working ability. The
correlation of permanent total loss of working ability and
professional stressors can be explained by their impact on
increased job dissatisfaction [64,65] and more frequent
presence of risk factors for coronary disease in exposed
subjects that lead to complications of arterial hyperten-
sion of the heart [66—68], stress caused by vascular com-
plications in the central nervous system [69,70], cardio-
myopathy [71], and atherosclerotic changes due to the
action of professional stressors [72—74].

Conclusion

Professional stress is an important factor that affects the
frequent occurrence of arterial hypertension and its
complications in exposed workers. The prevalence of
arterial hypertension and its complications increases
with the duration of exposure to professional stress and
in particular statistically significantly increases in work-
ers with working experience over 21 years. Stress at
work is a factor that significantly affects the total loss of
working ability of exposed workers. The values of the
index of professional stress over 71 significantly affect
the complete loss of the permanent working capacity of
the exposed workers in construction.
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Abstract. Frequency of micronuclei (MN) in peripheral blood lymphocytes is a measure of genotoxicity and spontaneous
chromosomal instability with many modifying factors. The aim of this work was to examine the relation between results of
micronucleus test and set of socio-demographic parameters in healthy population in south-east Serbia using structure
equation approach. Cytokinesis—block (CB) technique was used for analysis of MN frequency in peripheral blood
lymphocytes on 133 healthy volunteers of various ages. Socio-demographic data was collected through a questionnaire. The
mean frequency of MN gradually rose with age from 0.56+0.71 in new-borns to 5.48 +3.65 in the 61-80 years age group
(AG), with a decrease in the 81-92 years AG. MN frequency was positively correlated with age, altitude of birth place,
altitude of place of residence, nuclear buds and nucleoplasmatic bridges, and negatively with education level and
smoking habits. Linear structural model revealed age to be related to all of the examined variables, and indicates
probable existence of another factor, independent of age, influencing all of these except nuclear buds. It can be
concluded that the frequency of micronuclei is influenced by age and factor/s resembling socioeconomic status or

lifestyle and this influence is independent of age.

Key words: micronuclei, age, gender, education level, socio-demographic factors.

Introduction

Micronuclei (MN) are chromatin particles that are cre-
ated as a result of chromosomal break or elimination of
whole chromosomes as a consequence of mitotic spin-
dle damage and a biomarker of genotoxic events [1-3]
(and chromosomal instability [4]. Frequency of MN in
peripheral blood lymphocytes of healthy subjects is en-
vironment specific [5] and increases with chronological
age [6-13]. Specific increase of MN frequency with age
was found in mice [14]. The origins of MN formation
are reviewed recently [4,15].

According to [15] factors that affect MN frequency
in healthy subjects are: type of cell line, gender, age,
genotype, smoking, species and diet. For gender, results
are conflicting: some studies report higher MN in
women than in men [8,10,12,16-19] but some studies
report no gender effect on MN frequency [13]. MN fre-
quency increases with age. Mayer et al. (1989) report
age and gender differences in DNA repairing mecha-
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nisms: “Decline in double-strand DNA break damage
induction occurs more rapidly (by a factor of ca. 2) in
women than in men” [20].

Results on the effects of smoking are also conflict-
ing with some studies reporting no effect of smoking on
MN frequency [10,13]. Kazimirova et al. (2006) did not
find significant differences in micronucleus frequency
between vegetarians and non—vegetarians across differ-
ent age groups [17]. Regarding the relation between
occupational exposure to electromagnetic fields and
incidence of micronuclei, Lakshmi et al. (2010) point
out that overall DNA damage and incidence of micro-
nuclei showed no significant differences between the
subjects with occupational exposure to electromagnetic
fields emitted from video display terminals and control
group. Only long-term users of video display terminals
(more than 10 years) showed higher induction of DNA
damage and increased frequency of micronuclei and
micro nucleated cells [21].

In studies where no correlation was found between
MN and gender, one explanation could be that although
statistics show that women live longer than men,
women’s health conditions after the age of 80 are worse
than those of men of equal age [22,23].

Many studies explore different social, biochemical,
lifestyle and genetic factors that may influence health
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status especially in people over 70 years of age
[22,24-28]. A decline in T cell function during aging is
thought to contribute to reduced response to infection
and vaccination and an increase in autoimmunity [29].

Steves et al. (2012) discussed why DNA sequence-
identical twins might age differently [27]. Discussing
epigenetic and early developmental hypotheses of age-
ing, Steves et al. (2012) suggest that longevity and
lifespan seem not to be so heritable [27]. Some envi-
ronmental factors like exercise, smoking and diet can
strongly influence aging [27]. Other authors [30] found
that long-lived parents tend to have children with longer
life than their age peers.

Different organs age at different speeds [27,31]
probably due to different antioxidant response and DNA
repair [32,33)]. Liochev (2013) suggests that reactive
oxidative species such as hydrogen peroxide and super-
oxide are not just causative agents of aging but may also
be agents that in small concentrations increase the life
span by increasing the upregulation of proteins that act
as protective factors in oxidative stress thus providing
adaptation (33].

The goal of the current study was to examine the
relation between results of micronucleus test and set of
socio-demographic parameters: personal factors such as
gender, education level and microclimate factors of the
environment a person lives in indicated by the altitude
of birthplace and of current place of residence using
structure equation approach. A working hypothesis was
that people who lived in places with higher altitude,
non-smokers and people with higher education will
have lower frequency of MN due to life style and re-
duced risk factors for increased MN frequency.

Materials and Methods
Sample

One hundred thirty three healthy volunteers of various
age (from new-borns — 0 years of age to 92 years) par-
ticipated in the study. Participants were divided into 5
groups as follows: age group 1 — new-borns (29 partici-
pants of which 13 were females (f) and 16 were males
(m); mean age was O years, second age group from 21-
40 years (30 participants- of which 16 were f and 14
were m, mean age 25.1+4.56); third age group from 41-
60 years (29 participants of which 16 were f and 13
were m, mean age 47.47+5.02); fourth age group from
61-80 years (26 participants of which 18 were f and 8
were m; mean age 71.88+4.55) and fifth age group -81
years and above (19 participants-of which 13 were f and
6 were m; mean age 85.18+3.33). Guided by the experi-
ence from previous studies (9) we have taken 5 different
age groups (for population from 0-100 years) were each
age group covers the period of 20 years.

A. Hedrih, S. Najman, V. Hedrih, O. Milosevi¢-Djordjevi¢

Sampling procedure

From each participant 2 ml of blood was taken from
elbow vein (v. cubitalis). From new-borns, blood was
taken from umbilical cord after birth at the Clinic for
Gynaecology and Obstetrics, Clinical Centre Nis, Ser-
bia. New-borns from healthy mothers that fulfilled the
above-mentioned criteria, without gestational diabetes
[34], natural conception, regular pregnancy, without
infections during pregnancy or consumption of antibi-
otics during pregnancy, term labour with regular dura-
tion, vaginal delivery, and Apgar score 9 or 10, were
included in the study. New-borns whose mothers had
prolonged labour or caesarean section were excluded
from the study. New-borns that had elevated levels of
bilirubin or C reactive protein within three days after
birth were excluded from the study.

Variables and participants

Spontaneous chromosomal aberration was assessed by
using the micronucleus test. Volunteers were recruited
during regular control examinations in: the Health Cen-
tre Nis, Student Policlinic Nis, Gerontological Centre
Nis, Clinic for Gynaecology and Obstetrics, Clinical
Centre Nis, Brestovac medical station, and Health cen-
tre Bela Palanka, Serbia.

The study was approved by the Ethical committee of
the Faculty of Medicine, University of Nis, Serbia (01-
9068-7) and the Ethical committee of Clinical Centre
Nis, Serbia (2280/11). All participants gave informed
consent.

Participants were screened for health status that was
assessed on the basis of biochemical (general blood
count, sedimentation, blood sugar) and anamnesis data
in order to exclude participants with health conditions
known to influence the frequency of micronuclei. Ex-
clusion criteria used were absence of diabetes, chemo-or
radiotherapy at the moment and in the past, tumour/s,
operations of tumour of any kind in the past, exposure
to chemical and physical mutagens, alcohol and/or
drugs abuse (absolute alcohol non-users, and occasional
alcohol use, absolute narcotics and related substances
non-users), HCV (Hepatitis C virus) and/or HBV (Hep-
atitis B virus) infection, dementia, heart attack survi-
vors. Participants who passed exclusion criteria were
considered healthy and included in the study. For col-
lecting demographic and anamnestic data of interest
(range of altitude of birthplace and place of residence,
smoking habits, education level) a short questionnaire
was used. Range of altitude of birthplace (300£184.14m
above sea level, min 77m, max 1310m above sea level)
and current place of residence (237.59+90.34m min
194m, max 574m above sea level) were used as a holis-
tic indicator of the environment a person lives in. In the
part of Serbia where the study was conducted, places of
higher altitude (above 255m above sea level) tend to
have colder climate with more snow and to be more
sparsely populated and less developed compared to
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places of lower altitude (city in the valley at 194m
above sea level). Also, a number of studies have indi-
cated that biological processes can be affected by alti-
tude [35-38] (e.g. haemoglobin affinity for oxygen).
Altitude of birthplace and of current place of residence
were derived by looking up the data for the place par-
ticipants indicated living or being born in and expressed
in meters above sea level.

Analysis of MN frequency in peripherals blood lym-
phocytes was conducted by cytokinesis-block tech-
nique-modification according to the Fenech and Morley
[4,5,9].

NDI was calculated according to the method of
Eastmond and Tucker using http://www.nature.com/
nprot/journal/v2/n5/full/nprot.2007.77.html - B107 the
formula:

NDI = M, +2M, +3M, +4M
500

where M1-M4 represents the number of cells with 1-4

nuclei.

+ [39]

Anamnestic/sociodemographic data

Smoking status was determined by asking participants if
they were smokers (3), former smokers (2) or non-
smokers (1). They were also asked to specify the num-
ber of cigarettes they smoke daily (0 for former and
non-smokers). Age was registered as number of years
since birth at the time the study was conducted (0 for
new-borns). Education level was registered as the high-
est completed level of education (education level of
mothers was registered for the new-borns).

Cytokinesis block micronucleus test (MN)
protocol

The culture of peripheral blood lymphocytes was set up
according to the modified Fenech and Morley method
[9]. After 44 h of incubation at 37°C (Celsius degree) in
fully-supplemented medium for culture of peripheral
blood lymphocytes for cytogenetic studies (PB-MAX
karyotyping medium, Life Technologies 12557), cyto-
chalasin B in final concentration of 4pg/ml was added.
After that, cell cultures were incubated for another 24
hrs. Preparation was done in 0.56% KCI hypotonic so-
lution. Fixation of material was conducted by fixative
that consisted of glacial acetic acid and methanol
(1:3v/v), according to the protocol: fixative was mixed
with prepared sample and incubated for 15 min. After
that, sample was centrifuged for 12 min on 1700r/min,
than supernatant was discarded. This fixation procedure
was repeated 3 times. Preparations were stained with
2% Giemsa solution. The analysis of MN as well as
nucleoplasmatic bridges (NPB), nuclear buds were done
on 1000 binucleated cells per each of 133 tested indi-
viduals. Nuclear division index (NDI) was calculated
for each individual. The culture of peripheral blood
lymphocytes from participants over 80 years of age was
set up in double culture.

49

Statistics

Average value and standard deviation of micronuclei
frequency per 1000 binuclear cells were calculated for
each age group as well as correlations between the re-
sults of MN test and other variables included in the
study. To further examine the nature of relationship
between the examined variables a linear regression
analysis was conducted. Finally, a linear structural model
of the examined relationships was created using
asymptotically distribution-free discrepancy estimation
method as implemented by AMOS software.

Results

Average value and SD of MN and NDI for each age
group are presented in Table 1. Distributions of NDI,
BN cells with 1, 2 and 3 MN across age groups are
shown in Figure 1. MN1 and MN2 increased signifi-
cantly with age (Spearman’s correlation r = 0.650, p <
0.0001; r = 0.289, p < 0.001 respectively). NDI did not
show significant differences across age groups. Corre-
lations between the results of micronucleus test and
other variables included in the study were calculated.
Results are shown in Table 2. To test if there are gender
differences in NDI, BN cells with 1, 2 and 3 MN in the
same age group the analysis of variance was performed.
There were no significant differences between genders
in tested variables, and this finding persisted throughout
the age groups as can be seen in Table 3. Significant
negative correlation was found between NDI and nucle-
oplasmatic bridges (NPB) (r = —-0.183, p < 0.05)

Table 1 Mean micronuclei frequencies and nuclear
division indices in studied age groups.

n MN NDI
Age range in years (mean+SD) (meanxSD)
1 0 29 056+0.71 1.52+0.30
2 2140 30 0.82+0.78 1.72+0.26
3 41-60 29 126 £1.48 1.68+0.35
4 61-80 26 548 +£3.65 1.55%0.24
5 81-92 19 448+269 162+0.34

Total mean £ S.D. 133 236+2.92 1.62+0.30
Legend: n — number of participants in a group. MN — micronuclei
frequency per 1000 binuclear cells. NDI — nuclear division index.
Means and standard deviations for each of the five age groups and
for the total sample are presented.

Correlations between gender and micronuclei fre-
quency were not statistically significant. In the current
sample 66.9% were non-smokers, 40.6% of which fe-
males, 7.5% former smokers, 25.6% smokers, 15% of
which females. Mean value of number of cigarettes/day
and time period of smoking in years rise in the third age
group (Fig. 2). New-borns were excluded from analysis
of smoking status. Distributions of smoking status
across age groups for females and males are presented
in Figure 3.


http://www.nature.com/nprot/journal/v2/n5/full/nprot.2007.77.html#B107
http://www.nature.com/nprot/journal/v2/n5/full/nprot.2007.77.html#B107
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Fig. 1 Distribution of NDI, MN1, MN2, MN3 across
age groups. Age groups (1-5) are presented on the
horizontal axis. On vertical axis are mean values
of NDI, MN1, MN2 and MN3 in each age group.

Table 2 Correlations of micronuclei frequency and
studied socio-demographic factors

tested variables Spearman  p
correlation
coefficient

Age (in years) 0.61 <0.001

Altitude of birth place 0.34 <0.001

(in meters above sea level)

Altitude of current place of residence 045 <0.001

(in meters above sea level)

Nuclear buds (number of cells with 034 <0.001

nuclear buds per 1000 binuclear cells)

Nucleoplasmatic bridges 018 <0.05

(number of cells with nucleoplasmatic

bridges per 1000 binuclear cells)

Education level -0.39 <0.001

Smoking -0.28  <0.05

(1-Non-smoker, 2-former smoker, 3-smoker)

Number of smoked cigarettes per day -0.25 <0.05

Table 3 Effect of gender and age interaction with NDI,
MN1, MN2 and MN3

Source Dependent df F Sig.
Variable
Gender X Age
NDI 4 032 0.87
MN1 4 050 0.74
MN2 4 0.37 0.83
MN3 4 1.26 0.29

Legend: NDI — nuclear division index. MN1 — number of cells
with one micronucleus per 1000 binuclear cells. MN2 — number
of cells with two micronuclei per 1000 binuclear cells. MN3 —
number of cells with three micronuclei per 1000 binuclear cells.

Older participants from the current sample tended to
be born and live at higher altitude (10.5% of participants
in the fifth age group live at 574m 36.8% at 395m and
47.4% at 194m above sea level; 53.8% of participants in
the fourth age group live at altitude of 395m, 26.9% at
altitude of 194m above sea level, 58.6% of participants
in the third age group live at altitude of 200m 82.8% of
participants in the first age group and 100% of partici-
pants in the second age group live at 194m above sea
level), to be less educated (18.9% of participants did not
finished primary school of which 6.8% and 6.1% belong
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to the fourth and fifth age group respectively; 12.9%
finished primary school of which 5.3% and 3.8% belong
to the fourth and fifth age group respectively; 23.5%
have secondary school of which 9.1% belong to the
third age group; 3.8% have college of which 1.5% be-
long to the fourth age group; 39.4% have faculty of
which 22.7% belong to the second age group; 1.5%
have PhD and they all belong to third age group), non-
smoking and had a larger percentage of nuclear buds
(NB) and nucleoplasmatic bridges, as can be seen in
Fig. 4. All these correlations were statistically sig-
nificant, and are presented in Table 2.

14 -
12 1 —o— Years of smoking
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c 61
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age groups
Fig. 2 Mean value of number of cigarettes /day and time
period of smoking in years across different age
groups. Age group 1, new-borns; Age group 2,
21-40 years; Age group 3, 41-60 years; Age group
4, 61-80 years; Age group 5, 81 years and above.

Taking into account the obtained results, further
analyses were conducted in order to examine possible
relationship between predictors that would shed addi-
tional light on nature of the obtained results. These in-
vestigations demonstrated a systematic relationship
between age and the number of other included variables.
To further examine the nature of relationship between
the examined variables a linear regression analysis was
conducted. Results show that, when age is included in
the model, direct effects of a number of other predictors
become statistically insignificant. Finally, a linear
structural model of the examined relationships was cre-
ated using asymptotically distribution-free discrepancy
estimation method as implemented by AMOS software.
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Fig. 3 Distributions of smoking status across age groups
for females and males Age group 1, new-borns;
Age group 2, 21-40 years; Age group 3, 41-60
years; Age group 4, 61-80 years; Age group 5,
81 years and above.
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Fig. 4 MN of peripheral blood lymphocytes: A. from new-born baby-boy. B. from man of 90 years of age.

NC bridges are visible on B.

This model is presented in Figure 5 and Table 4. The
model has good fit parameters: GFI=0.988, AGFI=
0.972, CFI=0.985, NFI=0.899, RMSEA= 0.034, Chi-
Square Statistic=17.129, Chi-Square p=0.311), Degrees
of freedom=15. The model depicts age influencing MN,
altitude of birth and living place, smoking habits,
nucleoplasmatic bridges, and nuclear buds. It also shows
that correlations of altitude of birthplace and of current
place of residence, smoking habits, education level,
nucleoplasmatic bridges, nuclear buds with results of
micronucleus test, are in fact due to all of them being
influenced by age. Results suggest the existence of an-
other factor, independent of age, that influences all these
variables expect nuclear buds. For the purposes of pro-
posing and testing a structural model, regression weight
of the proposed unknown factor with education level
has been constrained to 1.

Table 4 Structural model parameter estimates

To From Regression Standard Statistical
estimate  Error significance

Micronuclei Age  0.505 0.049  p<0.001

Birthplace altitude Age  0.436 0.070  p<0.001

Altitude of the place Age  0.418 0.075  p<0.001

person lives in

Education Age -0.374 0.079  p<0..001

Micronuclei X -0.845 0.283 0.003

Education X 1.000

Smoking X 1.122 0.340  p<0.001

Nucleoplasmic X -.0992  0.420 0.018

bridges

Smoking Age -0.204 0.078 0.009

Nucleoplasmic Age 0.130 0.057 0.022

bridges

Elevation of the X -1.916 0.461  p<0.001

place person lives in

Birthplace elevation X -2.028 0.474  p<0.001

Nuclear buds Age 0.249 .0066  p<0.001

Discussion

The results presented here showed that mean MN fre-
quency does not increase linearly with age; in the 5th
age group (participants over 80 years of age) it de-
creases, compared to the 4th age group. A probable ex-
planation for this finding is that 80+ year olds that also
pass the exclusion criteria to be included in the study are
a group of individuals with much better health com-
pared to an average person of this age. As the age of 80
is well above the mean life expectancy for the popula-
tion of Serbia (which is around 75), it can be argued that
80+ year olds that lived to this age have unique genetic
background that allowed them to live and stay healthy
up to the age they have. The MN frequency is just one
of the indicators of this. It is possible that in this age
group, spontaneous chromosomal instability is stabilised
at the lower level. In support of this hypothesis are re-
sults of the study [40] which reported no correlation
between telomeres shortening and age in 79 years old
subjects. Harrisa et al. (2012) found that telomeres
shortening in people of 70 years of age did not correlate
with their socio-economic status [26]. Telomere short-
ening is connected with oxidative stress and it is possi-
ble that the level of oxidative stress is lower in this age
group [40]. Beside long-life experience and adaptation
to stressful situations [41], lower level of stress in this
age group could be explained by reduced caloric intake
and gradual decrease in proliferative cell capacities
[9,43] suggesting that mechanisms leading to the for-
mation of micronuclei containing sex chromosomes
differ with age. They also report the nonlinear increase
of MN frequency with age-after 70 years of age it de-
creases [42].
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Fig. 5 Structure linear model relationship between age and unknown Factor X and altitude of birth and living place,
education level, smoking habits, nucleoplasmatic bridges, nuclear buds and micronuclei. Numbers represent

structural coefficients for each relation.

Cigarette smoking is an important and established risk
factor in many age-related diseases, and is associated
with increased cumulative and systemic oxidative stress
and inflammation like increased circulating blood leuco-
cytes [43] and have been linked to poorer health out-
comes and associated with shorter telomeres (Valdes et
al. by [26]. Negative correlations between MN frequency
and number of smoked cigarettes/day were obtained.
Some recent studies reported smoking having no effect
on MN frequency [10,13], while other reported positive
correlations between MN frequency and smoking [11,12].
Smoking more than 30 cigarettes/day increased the MN
frequency [8]. Our results showed negative correlation
between education level and MN frequency which is in
accordance with results of study in Poland (Szklarska and
Rogucka 2001), they found relation between education
level and biological age: better-educated men were bio-
logically younger than their poorer educated peers [44].
Linear structural model shows that age is the factor ex-
plaining all of the above mentioned variables, although
we know that the linear relationship does not hold with
the oldest age group (if it did, the relationship with age,
described by using linear statistics, would be even
stronger). The explanation for this could be in social
changes that occurred during the second half of the 20"
century, like migration to cities, increasing education
levels and changes in smoking habits.

Tobacco is a habit originating in cities [45,46] and
so elder participants in the current sample who live in
villages at high elevation tend to be non-smokers.
Chromosomal changes that can cause NPB and NB be-
come more frequent with age [4]. In the current sample

there were no gender differences in MN frequency
across different age groups.

In the study of 50 healthy children from urban areas
in Croatia, ages from 4-14 years, girls showed higher
mean values of the mean frequency of MN, mean fre-
quency of nucleoplasmic bridges (NPBs), nuclear buds
and the mean nuclear division index (NDI) compare to
boys, but only total number of NPBs was statistically
significant [5]. In the current study the mean frequency
of MN for all subjects was 2.32+0.28 per 1000 BN cells
which is higher value than the level obtained for the
second age group. That could be due to differences in
environmental factors in urban area [47]. As Regan et
al. reported [23], when female-specific health dimen-
sions are considered, females are found to accumulate
more deficits than males and speculate that such oppo-
site trends for males and females can result in no gender
differences. In the current sample there were no differ-
ences in MN frequency between males and females for
the same age group. Results of [23] suggest that aging
rates approximated by the rates of changes in respective
deficit indices (Dis) are not altered by gender but are
specific for place of living. Similar results were ob-
tained [28] with Italian siblings of 90 years of age and
older from different parts of Italy. Large longitudinal
study of aging Danish twins confirmed negative influ-
ence of sun exposure, smoking and of low BMI on fa-
cial ageing. This study indicated that high social status,
low depression score and being married are associated
with a younger appearance, but the strength of the asso-
ciations varied between genders [24]. Basal level of MN
frequency in healthy population is different in different
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nations and may vary due to characteristics and genetic
origin of the sample [4,9,10,11,13].

Relative to the unknown factor that independently of
age, influences all these variables expect nuclear buds,
we are free to suggest that it could be a lifestyle compo-
nent that varies across age groups (middle age people
tend to live in urban areas and lead more stressful lives,
while elderly people from the current sample are 20-30
years in retirement, lead active but non—stressful lives. It
is possible that in the 5th age group natural selection
was the most pronounced - in childhood they were ex-
posed to more stressful environmental factors than par-
ticipants in other age groups (they survived Second
World War, and scarcity of basic goods in the post-war
years), and other large social changes, like massive mi-
grations to cities, occurred during their lifetimes. Stud-
ies showed that animals exposed to stress early become
more adaptive to stress [7]. Relation between lifestyle
and telomere length was discussed by Lin et al. [48]
suggesting several inter-related biochemical pathways:
stress hormones, inflammation and oxidative stress [48].
It is possible that unique selection factors that were
present in generation born in the previous century as
well as cultural differences contributes to results we
obtained, but more detailed study is required to test
these hypotheses.
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Conclusion

The study has demonstrated a clear relation between the
frequency of micronuclei and age. Age can also be
taken to explain the relations of several other studied
variables with the frequency of micronuclei. Another
factor that independently of age influences all examined
variables except nuclear buds was proposed based on
the data. According to our results MN frequency is re-
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Further analyses are needed to determine this factor.
Determining the nature of this factor could contribute to
better understanding the process of aging and contribu-
tions of non-genetic factors on process of aging.

Acknowledgements: We thank all examinees that partici-
pated in the study. Special thanks to Gerontology Center Nis
for selecting the participants, to Dr. Ivana Stankovic and
Health centre Bela Palanka for selecting the examinees above
80 years of age, Dr. Olga Stojanovic from Clinic Brestovac
and Student Policlinic Nis for excellent cooperation. Parts of
this research were supported by the Ministry of Education,
sciences and technology of the Republic of Serbia through
Mathematical Institute SASA, Belgrade, Grant ON 174001
and Grant 11141010 through Faculty of Science University of
Kragujevac.

10. Garaj-Vrhovac V, Burinec M, Kopjar N, Ore§¢anin V. A survey
on the cytogenetic status of the Croatian general population by
use of the cytokinesis-block micronucleus assay. Mutat Res 2008;
649(1-2):91-100.

11. Donmez-Altuntas H, Bitgen N. Evaluation of the genotoxicity
and cytotoxicity in the general population in Turkey by use of the
cytokinesis-block micronucleus cytome assay. Mutat Res 2012;
748(1-2):1-7.

12. Nefic H, Handzic 1. The effect of age, sex, and lifestyle factors on
micronucleus frequency in peripheral blood lymphocytes of the
Bosnian population. Mutat Res 2013; 753(1):1-11.

13. Coskun M, Akin Cayir, Coskun M, Tok H. Evaluation of
background DNA damage in a Turkish populationmeasured by
means of the cytokinesis-block micronucleuscytome assay. Mutat
Res 2013; 757(1):23-27.

14. Sato S-l, Taketomi M, Nakajima M, Kitazawa M, Shimada H,
Itoh S, lgarashi M, Higashikuni N, Sutou S, Sasaki YF. Effect of
aging on spontaneous micronucleus frequencies in peripheral
blood of nine mouse strains: the results of the 7th collaborative
study organized by CSGMT/JEMS MMS. Mutat Res 1995;
338(1-6):51-57.

15.  Kirsch-Volders M, Plas G, Elhajouji A, Lukamowicz M, Gonzalez
L, Vande Loock K, Decordier I. The in vitro MN assay in 2011:
origin and fate, biological significance, protocols, high throughput
methodologies and toxicological relevance. Arch Toxicol 2011;
85(8):873-899.

16. Fenech M, Neville S, Rinaldi J. Sex is an important variable
affecting spontaneous micronucleus frequency in cytokinesis-
blocked lymphocytes. Mutat Res 1994; 313(2-3):203-207.

17. Kazimirova M, Barancokova M, Krajcovicova-Kudlackova M,
Volkovova K, Staruchovd M, Valachovicovda M, Paukova V,
Blazicek P, Wsdlova L, Dusinskd M. The relationship between
micronuclei in human lymphocytes and selected micronutrients in
vegetarians and non-vegetarians. Mutat Res 2006; 611(1-2):64-70.



54

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Dahlstrom Heuser V, de Andrade VM, Peres A, de Macedo Braga
LMG, Chies JAB. Influence of age and sex on the spontaneous
DNA damage detected by Micronucleus test and Comet assay in
mice peripheral blood cells. Cell Biol Int 2008; 32(10):1223-1229.
Bhilwade HN, Jayakumar S, Chaubey RC. Age-dependent
changes in spontaneous frequency of micronucleated erythrocytes
in bone marrow and DNA damage in peripheral blood of Swiss
mice. Mutat Res 2014; 770:80-84.

Mayer PJ, Lange CS, Bradley MO, Nichols WW. Gender
differences in age-related decline in DNA double-strand break
damage and repair in lymphocytes. Ann Hum Biol 1989;
18(5):405-415. Published online: 09 Jul 2009.http://dx.doi.org/
10.1080/03014469100001702.

Lakshmi NK, Tiwari R, Bhargava SC and Ahuja YR. Investigations
on DNA damage and frequency of micronuclei in occupational
exposure to electromagnetic fields (EMFs) emitted from video
display terminals (VDTs) Genet Mol Biol 2010; 33(1):154-158.
Martin-Ruiz C, Jagger C, Kingston A, Collerton J, Catt M, Davies
K, Dunn M, Hilkens C, Keavney B, Pearce SH, den Elzen WP,
Talbot D, Wiley L, Bond J, Mathers JC, Eccles MP, Robinson L,
James O, Kirkwood TB, von Zglinicki T. Assessment of a large
panel of candidate biomarkers of ageing in the Newcastle 85+
study. Mech Ageing Devl 2011; 32(10):496-502.

Regan JC, Partridge L. Gender and longevity: Why do men die
earlier than women? Comparative and experimental evidence.
Best Pract Res Clin Endocrinol Metab 2013; 27(4):467-479.
Rexbye H, Petersen I, Johansen M, Kilitkou L, Jeune B, Christensen
K. Influence of environmental factors on facial ageing. Age Ageing
2006; 35(2):110-115.

Johnson TE. Recent results: Biomarkers of aging. Exp Gerontol
2006; 41(12):1243-1246.

Harrisa SE, Martin-Ruizc C, von Zglinickic T, Starrd JM, Deary 1.
Telomere length and aging biomarkers in 70-year-olds: the Lothian
Birth Cohort 1936. Neurobiol Aging 2012; 33(7):1486.e3-8.

Steves CJ, Spector TD, Jackson SHD. Ageing, genes, environment
and epigenetics: what twin studies tell us now, and in the future.
Age Ageing 2012; 41(5):581-586.

Cevenini E, Cotichini R, Stazi MA, Toccaceli V, Scurti M, Mari
V, Berardelli M, Passarino G, Jeune B, Franceschi C. How to
classify the oldest old according to their health status: A study on
1160 subjects belonging to 552 90+ Italian sib-ships characterized
by familial longevity recruited within the GEHA EU Project.
Mech Ageing Dev 2013; 134(11-12):560-569.

Torrdo RC, Bennett SJ, Brown JE, Griffiths HR. Does metabolic
reprogramming under pinage-associated changes in T-cell
phenotype and function? Free Radic Biol Med 2014; 71:26-35.
Klein BEK, Knudtson MD, Lee KE, Klein R. Parents’ attained
age and biomarkers of aging in their children. Arch Gerontol
Geriat 2009; 49(2):284-8.

Fyhrquist F, Saijonmaa O. Telomere length and cardiovascular
aging. Ann Med 2012; 44 Suppl 1:5138-42.

Radak Z, Koltai E, Taylor AW, Higuchi M, Kumagai S, Ohno H,
Goto S, Boldogh I. Redox-regulating sirtuins in aging, caloric
restriction, and exercise. Free Radic Biol Med 2013; 58:87-97.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

A. Hedrih, S. Najman, V. Hedrih, O. Milosevi¢-Djordjevi¢

Liochev Sl. Reactive oxygen species and the free radical theory
of aging. Free Radic Biol Med 2013; 60:1-4.

Witczaka M, Ferenca T, Gulczynskab E, Nowakowskac D,
Lopaczynskaja D, Wilczynskic J. Elevated frequencies of
micronuclei in pregnant women with type 1diabetes mellitus and
in their newborns. Mutat Res 2014; 763:12-17.

Moore LG. Human Genetic Adaptation to High Altitude. High
Alt Med Biol 2004; 2(2):257-279.

Storz FJ. Perspectives. Genes for High Altitudes. Science 2010;
329(5987):40-41.

van Patot MCT, and Gassman M. Hypoxia: Adapting to high
altitude by mutating EPAS-1, the gene encoding HIF-2a. High
Alt Med Biol 2011; 12(2):157-167.

Lorenzo RF, Huff C, Myllyméki M, Olenchock B, Swierczek S,
Tashi T, Gordeuk V, Wuren T, Ri-Li G, McClain AD, Khan MT,
Koul AP, Guchhait P, Salama EM, Xing J, Semenza LG,
Liberzon E, Wilson A, Simonson S.T, Jorde B.L, Kaelin Jr GW,
Koivunen P, Prchal TJ. A genetic mechanism for Tibetan high-
altitude adaptation. Nat Genetics 2014; 46(9):951-956.

Fenech M. Cytokinesis-block micronucleus cytome assay. Nat
Protoc 2007; 2(5):1084-1104.

Starr JM, Shiels PG, Harris SE, Pattie A, Pearce MS, Relton CL,
Deary 1J. Oxidative stress, telomere length and biomarkers of
physical aging in a cohort aged 79 years from the 1932 Scottish
Mental Survey. Mech Ageing Dev 2008; 129(12):745-751.
Mohammed AH, Henriksson BG, Soderstrom S, Ebendal T,
Olsson T, Seckl JR. Environmental influences on the central
nervous system and their implications for the aging rat. Behav
Brain Res 1993; 57(2):183-191.

Jonesa KH, Yorkb TP, Jackson-Cooka C. Mechanisms leading to
the formation of micronuclei containing sex chromosomes differ
with age. Mutat Res 2012; 747(2):207-217.

Babizhayev MA, Savel'yeva EL, Moskvina SN, Yegorov YE.
Telomere length is a biomarker of cumulative oxidative stress,
biologic age, and an independent predictor of survival and
therapeutic treatment requirement associated with smoking
behavior. Am J Ther 2011; 18(6):209-226.

Szklarska A, and Rogucka E. An assessment of biological age of
males in Poland. Ann Hum Biol2001; 28(1):30-37.

Liu L, Edland S, Myers MG, Hofstetter CR, Al-Delaimy WK.
Smoking prevalence in urban and rural populations: findings
from California between 2001 and 2012. Am J Drug Alcohol
Abuse 2016; 42(2):152-161.

Liu'Y, Gao J, Shou J, Xia H, Shen Y, Zhu S, Pan Z. The Prevalence
of Cigarette Smoking Among Rural-to-Urban Migrants in China: A
Systematic Review and Meta-Analysis. Subst Use Misuse 2016;
51(2):206-215.

Pedersen M, Wichmann J, Autrup H, Dang DA, Decordier |,
Hvidberg M, Bossi R, Jakobsen J, Loft S, Knudsen LE. Increased
micronuclei and bulky DNA adducts in cord blood after maternal
exposures to traffic-related air pollution. Environ Res 2009;
109(8):1012-1020.

Lin J, Epel E, Blackburn E. Telomeres and lifestyle factors: roles
in cellular aging. Mutat Res 2012; 730(1-2):85-89.



FACTA UNIVERSITATIS
Series: Medicine and Biology Vol. 20, No 2, 2018, pp. 55-60

UDC 616-008.6:616.12-331.1:616.133-004.6
https://doi.org/10.22190/FUMB180424009K

Original Article

PREVALENCE OF METABOLIC SYNDROME IN PATIENTS
WITH ARTERIAL HYPERTENSION AND ITS IMPACT
ON ASYMPTOMATIC CAROTID ATHEROSCLEROSIS

Svetlana Kosti¢', lvan Tasi¢*?, Dragan Djordjevié'?, Viktor Stoi¢kov'?, Nikola Stojanovié!

YInstitute for Therapy and Rehabilitation "Niska Banja", Niska Banja, Serbia
Faculty of Medicine, University of Nis, Ni§, Serbia

Abstract. The importance of metabolic syndrome (MetSy) lies in the fact that its components are proven risk factors for
early blood vessel atherosclerosis and thrombosis.Aim of the paper: Our aim was to establish the prevalence of MetSy in
patients with arterial hypertension (AH) and its impact on asymptomatic carotid atherosclerosis. The study involved 391
examinees, divided into two groups. The study group consisted of patients with arterial hypertension (n=342; average age,
66.56 + 09.52; with 51% of female gender). The presence of cardiovascular (CV) risk factors was established for all
involved patients, cardiovascular risk score was determined (SCORE risk), laboratory analyses were performed, as well as
anthropometric measurements and color Doppler sonography of the great blood vessels of the neck. The patients with AH
were divided into two groups according to the presence of MetSy. Metabolic syndrome was confirmed in 198 patients who
comprised group |; there were 144 examinees without MetSy and these comprised group I1. Those with MetSy had a greater
average number of CV risk factors, a higher SCORE risk score, higher body mass index (p<0.0001), and more frequently
had diabetes, hyperlipidemia and obesity. The thickness of the intimal medial complex (IMC) of the carotid arteries was
significantly greater in the group with MetSy (p<0.0001) — 51% of examinees had IMC thickness >0.90. The patients with
MetSy more commonly had one or more carotid plaques (p=0.03), a higher average number of plaques (p=0.01) and
percentage of stenosis (p=0.01). As the most important factors associated with early carotid atherosclerosis, multivariant
regression analysis singled out the following (for the model R=0.512. R2=0.262. adjusted R2=0.255. standard error of the
estimate = 0.174; p<0.0001): age (coefficiant f=0.331. p<0.0001), number of MetSy components (coefficient f=0.158.
p=0.002), level of serum uric acid (coefficient f=0.284; p<0.0001). Our results demonstrated a significant association of
MetSy and its components with early atherosclerotic changes in the carotid arteries.

Key words: metabolic syndrome, arterial hypertension, asymptomatic carotid atherosclerosis, carotid intima-media

thickness, carotid plaque.

Introduction

Metabolic syndrome (MetSy) represents a group of car-
diovascular risk factors, such as obesity, hypertension,
insulin resistance and dyslipidemia. The importance of
MetSy lies in the fact that its components are proven
risk factors for early blood vessel atherosclerosis and
thrombosis [1], and individuals with MetSy have a three
times greater risk to develop cardiovascular complica-
tions compared to those who do not have the syndrome
[1,2]. Further, adult individuals with MetSy are exposed
to a five-time greater risk of type 2 diabetes mellitus [3].
There are several definitions of MetSy proposed by
various associations, such as World Health Organization
(WHO), International Diabetes Federation (IDF),
American Heart Association and National Heart, Lung
and Blood Institute (AHA/NHLBI), National Choles-
terol Education Program, Third Adult Treatment Panel
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(NECP/ATP IlI), and European Group for the Study of
Insulin Resistance (EGIR). The definition by the expert
team of the Third Panel of the National Cholesterol Ed-
ucation Program is based on the presence of three of the
following five criteria: abdominal obesity, hypertriglyc-
eridemia, low HDL cholesterol, elevated blood pressure
and hyperglycemia [4]. The prevalence of MetSy varies
considerably depending on the criteria used to diagnose
the condition.

In patients without manifest cardiovascular disease,
the thickness of the intimal medial complex (IMC) and
ankle-brachial (pressure) index (ABI) represent non-
invasive surrogate markers of atherosclerosis associated
with an increased risk for cardiovascular morbidity and
mortality [5]. The literature data suggest a clear associ-
ation between cardiovascular risk factors and intimal
medial thickness, as well as between intimal medial
thickness and presence of clinical manifestations of cor-
onary disease [6—8]. It has been shown that intimal me-
dial thickness of the carotid arteries directly correlates
with the involvement of cerebral, peripheral, and coro-
nary vascular bed by the process of atherosclerosis [6].
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Aim of the paper

Our aim in this paper was to establish the prevalence of
metabolic syndrome in patients with arterial hyperten-
sion (AH), as well as its impact on asymptomatic ca-
rotid atherosclerosis.

Methods

The study involved 391 examinees divided into two
groups. The study group consisted of the patients with
arterial hypertension (n=342; average age, 66.56 +
09.52; with 51% of women). In all the patients the pres-
ence of cardiovascular risk factors was established, car-
diovascular risk score was determined (SCORE risk),
laboratory analyses were performed, as well as anthro-
pomentric measurements and color Doppler sonography
of the great blood vessels of the neck.

Analysis of the risk factors

Based on the patient history and relevant medical records,
the presence of both modifiable and unmodifiable risk
factors for cardiovascular diseases was analyzed: AH,
hyperlipidemia, smoking, diabetes, obesity, gender and
age. Hypertension was defined based on the anamnestic
data, medical records, measured systolic blood pressure
values of over 140 mmHg and diastolic blood pressure of
over 90 mmHg, or use of antihypertensive medications.
The examinees with total cholesterol values of over
5.0 mmol/L and/or triglycerides of over 1.7 mmol/L who
were taking hypolipemic therapy were considered to be
hyperlipidemic. The presence of diabetes was confirmed
based on patient history information, available medical
records, measured fasting glucose values of over
5.6 mmol/L, or use of oral hypoglycemic medication or
insulin therapy. The examinees with body mass index
(BMI) >30 kg/m*> were considered to be obese. An
interactive electronic version of the SCORE risk charts
from the European Society of Cardiology guidelines on
CVD prevention (prepared by the Third Joint Working
Group of the European Association of Preventive
Cardiology — Heartscore) was used to assess the risk of
fatal cardiovascular events in our examinees.

Metabolic syndrome was diagnosed in accordance
with the NECP/ATP Il metabolic syndrome diagnostic
criteria (The National Cholesterol Education Program,
Adult Treatment Panel).

Laboratory analyses

General laboratory analyses were done in all the exami-
nees. Values of the following laboratory parameters
were measured: total cholesterol, HDL and LDL cho-
lesterol fractions, triglycerides, creatinine, serum uric
acid (employing standard laboratory methodology and
using a Humastar 600 biochemical analyzer). Creatinine
clearance was determined using the Cockcroft-Gault
formula.
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Anthropometric measurements

Anthropometric measurements involving body weight,
body height, waist and hip circumference measurements
were done in all examinees in order to get an insight
into their nutritional status. The measurements were
performed with light clothes and without any footwear.
Body mass index (BMI) was determined using the fol-
lowing formula: body weight in kg/body height in m%

Color Doppler sonography (CDS)
of the great blood vessels in the neck

Color Doppler sonography of the great blood vessels in
neck was done in all our examinees using the ultrasound
scanner system EsaoteBiomedica, My Lab60 Xvision,
with a multifrequency linear probe of 4-13 MHz. In-
traluminal lesions were determined using B-mode im-
aging and defined as changes in the form of IMC thick-
ening and appearance of plaques as focal intimal thick-
enings. IMC thickness was measured in the posterior
wall of the common carotid artery 2 cm away from the
top of the bifurcation, in the region without any focal
changes. Longitudinal images of the common carotid
artery and its branches (internal and external carotid
artery) were analyzed bilaterally, determining the diam-
eter of stenosis and analyzing plaque properties. Inter-
pretations were based on the combination of B-mode,
i.e. real-time tissue imaging, and Doppler spectral
analysis.

Statistical data processing

The following statistical parameters were presented in
the description: arithmetic mean (Xsr), standard devia-
tion (SD), absolute value and percentage (%) of attribu-
tive properties. Comparison of the mean values of nu-
merical properties between the two groups of examinees
was done using the Student’s t-test. Linear regression
analysis (by Spearman) was used to evaluate the associ-
ation of the factors of interest. The factors demonstrat-
ing a considerable impact on dependent variables in
univariate analysis were included in multivariate models
as independent variables. Statistical data processing was
done using the SPSS software, 17.0 version. In all the
analyses, the assessment error of 0.05 or 5% was taken
as the cut-off of statistical significance.

Results

The patients with hypertension were divided into two
groups by the presence of MetSy. Metabolic syndrome
was confirmed in 198 patients and these comprised
group |, while 144 examinees were without MetSy and
these comprised group II. There was no age difference
between the examinees with and those without MetSy.
Those with MetSy had a greater average number of risk
factors for cardiovascular diseases (CVD), a higher CV
risk score — SCORE, and higher body mass index
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(p<0.0001), and in this group of patients, diabetes, hy-
perlipidemia and obesity were more common (p <0. 0001),
(Table 1).

Table 1 Comparison of characteristics of the groups of
examinees with and without metabolic syndrome

Characteristic I group 11 group p value
n=198 n=144

Age (in years) 66.80£9.76  66.241+9.17 n.s.
Average number of 2.69+0.82 1.85+0.58 0.0001
risk factors

SCORE risk 5.52+3.13 4.42+2.68 0.001
Number of MetSy 3.47%0.70 1.76+0.45 0.0001
components

Hyperlipidemia (%) 162 (81.2) 91 (63) 0.0001
Diabetes mellitus (%) 59 (30) 3(2.1) 0.0001
Smoking ( %) 26 (13) 18 (12.5) ns.
Obesity (%) 110 (55.5) 14 (9.7) 0.0001
BMI (kg/m?) 30.31+4.50  25.71+3.03 0.0001

n.s. — no statistically significant difference between the two groups

Examinees from the group | (with MetSy) had
higher values of fasting glucose in the serum, higher
levels of triglycerides and uric acid (p<0.0001), and
lower values of HDL cholesterol fraction (Table 2).

Table 2 Overview of laboratory analyses performed
in the studied groups

Characteristic I group 11 group

n=198 N=144  PVvalue
Glycemia 6.25+1.98 5.47+1.24 0.0001
(mmol/L)
Cholesterol 5.52+1.33 571+1.15 0.14
(mmol/L)
LDL-cholesterol 3.53+1.28 3.65+0.98 0.32
(mmol/L)
HDL-cholesterol 1.12+0.27 1.36+0.35 0.0001
(mmol/L)
Triglycerides 2.35x1.51 1.42+1.05 0.0001
(mmol/L)
Uric acid 348.17+92.16 302.89+80.86 0.0001
(umol/L)
Creatinine 86.86+22.81 82.11+22.01 0.05
(umol/L)
Creatinine 76.57+20.55 84.54+28.37 0.0001

clearance (ml/min)

Analysis of color Doppler ultrasound
of the great blood vessels in the neck

The thickness of the carotid IMC was significantly
greater in the group with MetSy compared to those
without the condition (p<0.0001), and 51% of exami-
nees had IMC thickness of >0.90. Those with MetSy
more commonly had one or more carotid plaques
(p=0.03), a greater average number of plaques (p=0.01)
and a higher percentage of stenosis (p=0.01) compared
to group 11 examinees (Table 3).
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Table 3 Color Doppler sonography of the great blood
vessels in the neck in the studied groups

Characteristic | group 11 group
n=198 n=144

0.91+0.21 0.81+0.17 <0.0001

p value

Thickness of the carotid
IMC (mm)

Increased IMC 101 (51) 47 (32.6) <0.001
thickness, n(%)
Presence of carotid 142 (71) 88 (61) 0.03

plaques, n (%)
Average number of
plaques

Average percentage of 41.12+12.02 37.54+9.01  0.01
stenosis

1.62+£1.35 1.27#1.20 0.01

Analyzing the carotid plaque characteristics, it was
found that in the MetSy group plaques were most com-
monly fibrocalcified (29%), then fibrous (22%) and
calcified (19%), and in the group without MetSy fibrous
plaques were most prevalent (28%) (Table 4).

Table 4 Carotid plaque characteristics
in the studied groups

Plaque characteristics, I group - Il group -
n (%) MetSy without MetSy
Lipid 0 0) 0 0)
Fibrolipid 2 (1) 3 (21
Fibrous 44  (22) 40 (28)
Fibrocalcified 57  (29) 31 (215)
Calcified 38 (19 14  (9.7)

As the most significant factors associated with early
carotid atherosclerosis, multivariant regression analysis
singled out the following (for the model R=0.512.
R?=0.262. adjusted R*=0.255. standard error of the es-
timate = 0.174; p<0.0001): age (coefficiant =0.331.
p<0.0001), number of MetSy components (coefficient
B=0.158. p=0.002), and serum level of uric acid (coeffi-
cient $=0.284; p<0.0001).

Discussion

Disorders of lipid and glucose metabolism, obesity and
AH are defined as risk factors for cardiovascular dis-
eases, and these are at the same time the components of
MetSy [1]. The prevalence of MetSy has been on the
rise worldwide, but it is difficult to establish the preva-
lence more precisely due to different criteria used to
define the condition. The INTERHEART study, per-
formed in 52 countries throughout the world, demon-
strated the prevalence of MetSy to be about 26% [9].
According to the data of the National Health and Ex-
amination Survey, the prevalence of MetSy in the
United States of America changes with age; in men be-
low 40 years of age it is 20%, and in women of the same
age it is 16%, while the prevalence of the condition in
individuals of either gender aged over 60 years even
exceeds 50% [10].
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In our examinees with AH, the prevalence of MetSy
was significantly higher compared to controls, as well
as the average number of present MetSy components.
Those with AH and MetSy had a greater average num-
ber of risk factors for cardiovascular diseases, a higher
CV risk score — SCORE, higher BMI, and diabetes, hy-
perlipidemia and obesity were more common in these
individuals (Table 1).

In the PIUMA study in Umbria, Italy, 1.742 exami-
nees without any manifest CV disease were prospectively
observed for 10.5 years on the average; MetSy was
established in 34% of them. Those with MetSy were
older, and with longer history of AH and higher systolic
blood pressure values. It was shown that MetSy was an
independent predictor of future cardiovascular diseases in
individuals of either gender with essential AH, and this
prognostic effect of MetSy was not dependent on the
traditional cardiovascular factors of risk, including left
ventricular hypertrophy and ambulatory blood pressure
measurement [11]. In the PIUMA study, the prevalence
of diabetes was 14% [11], while in our examinees with
MetSy the prevalence of diabetes was 30%, while in
those without MetSy it was 2.1% (Table 1). The study by
Marjani et al. showed a rather high prevalence of MetSy
in patients with type 2 diabetes, with the percentage being
higher in women (53.27%) than in men (48.71%) [12].

The prevalence of hyperlipidemia in our examinees
was rather high — 81.2% in the first, and 63% in the se-
cond group. Laboratory analyses showed higher values
of fasting glucose in the serum in patients with MetSy,
higher triglyceride and uric acid levels, and lower val-
ues of HDL cholesterol fraction. There were no differ-
ences in the values of total and LDL cholesterol, proba-
bly due to the fact that the examinees with previously
diagnosed hypercholesterolemia were treated with hy-
polipemic agents and/or employed non-pharmacological
treatment measures. In individuals with MetSy, the so
called atherogenic dyslipidemia predominates, charac-
terized by increased triglycerides and decreased HDL
cholesterol, while LDL may be normal or only slightly
elevated. Triglycerides play a significant role in the pro-
cesses of atherogenesis and thrombogenesis; in a meta-
analysis involving 101 prospective studies with 302.430
examinees, it has been confirmed that elevated triglyc-
erides are an important factor associated with the devel-
opment of coronary heart disease [13].

The studies undertaken in Greece and the USA have
shown that the prevalence of metabolic syndrome is
similar in both genders [14]. On the other hand, there
have been studies indicating a higher prevalence of
MetSy in women or in men [15]. In our study, women
more commonly had MetSy (59.6%). Deibert et al.
demonstrated a prevalence of MetSy in postmenopausal
women of 36.1% [16]. Furthermore, there have been
studies suggesting that the differences in MetSy preva-
lence may be influenced by genetic factors and ethnicity
as well [17].

Cardiovascular risk in individuals with MetSy is the
product of different combinations of the components of
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the syndrome, which are not at all uniform. Each of the
components is an independent risk factor for CVD and
their synergistic action additionally increases the risk.
Cardiovascular mortality is increased with an increasing
number of MetSy components [18]. The results of mul-
tivariate regression analysis in our study singled out the
number of MetSy components as one of the most im-
portant factors associated with atherosclerosis of the
carotid arteries.

Kuopio Ischaemic Heart Disease Risk Factor Study
(KIHD) observed for 11.6 years on the average 1.209
seemingly healthy men aged 42 to 60 years, where it
was shown that CVD fatalities were 2.9-4.2 times more
common in the presence of MetSy [19]. Among the pa-
tients of more advanced age (70—79 years), the presence
of MetSy was associated with a higher prevalence of
coronary events, myocardial infarction, heart failure and
hospitalizations regardless of the cause in the Health,
Aging and Body Composition Study (HealthABC study)
[20]. In the Medicine, Angioplasty or Surgery Study
(MASS 1I), the patients with stable coronary disease
were followed up for two years; those with MetSy had
poorer CV outcomes and 2.5 times higher mortality
independent of the factors of age, gender, smoking,
LDL cholesterol and number of involved coronary
blood vessels. The mortality of patients with MetSy was
10.6% after two years, compared to 5.2% in those with-
out MetSy [21].

The current European guidelines for CVD preven-
tion in clinical practice, similarly to their predecessors,
recommend the use of the SCORE system to assess the
risk in asymptomatic patients since it has been based on
a large representative European cohort [22]. In all the
patients involved in our study SCORE was determined,
and the obtained results demonstrated statistically sig-
nificantly higher SCORE values in those with AH and
MetSy (Table 1). The results such as these could be in
part expected, since the SCORE system was based on
the presence or absence of some of the MetSy compo-
nents. Non-invasive imaging methods are able to iden-
tify asymptomatic atherosclerosis in various arterial
areas and therefore supplement the assessment of risk.
A special significance of these approaches lies in the
detection of changes in their subclinical phase in indi-
viduals at high risk for the development of cardiovas-
cular diseases, so that the measures of prevention and
appropriate treatments could be timely introduced.

IMC thickness in the common carotid arteries repre-
sents a solid indicator of early atherosclerosis [23], and
a number of studies, including the Multi-Ethnic Study
of Atherosclerosis (MESA) in asymptomatic patients,
have shown that the IMC thickness exceeding 75 per-
centiles for age, gender and race is associated with the
risk for myocardial infarction, stroke and cardiovascular
mortality independently of other conventional risk fac-
tors [24]. The association of MetSy with subclinical
atherosclerosis was the subject of a number of studies
employing non-invasive imaging techniques. In the
study by Holewijn et al., involving 1.517 individuals
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with MetSy aged 50 to 70 years, a significant association
was found between asymptomatic atherosclerosis and
MetSy, regardless of the employed imaging method [25].

IMC thickness of the carotid arteries in our exami-
nees was significantly greater in the group with MetSy
compared to those without MetSy (Table 3), where in-
creased IMC thickness (> 0.90) was found in 51% of
examinees with MetSy. Those with MetSy more com-
monly had one or more carotid plaques, a greater aver-
age number of plaques and percentage of stenosis (Ta-
ble 3). Similar results were published by Olijhoek et al.
in the Netherlands, examining the association of MetSy
with changes in the coronary, cerebral and peripheral
arteries. The prevalence of MetSy in that study was 45%;
their patients had greater IMC thickness, a lower ankle-
brachial index, and more prevalent microalbuminemia
compared to those without MetSy. Furthermore, they
demonstrated that with an increasing number of MetSy
components, IMC thickness increased as well [26].

In our analysis of the characteristics of carotid
plaques, we found that in our examinees with MetSy
plaques were most commonly fibrocalcified, then fi-
brous and lastly calcified, while in those without MetSy
fibrous plaques predominated (Table 4). However, it
was interesting to note that lipid plagues were not pre-
sent in any of the 342 patients with AH, with or without
MetSy. The presence of soft lipid and fibrolipid plaques
has been usually associated with the risk for neurologi-
cal complications (transitory ischemic attacks, reversi-
ble ischemic deficits or cerebrovascular insults) due to
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Abstract. Asthma is one of the most frequent chronic diseases of childhood. Its etiology is not fully understood and risk
factors for its development are numerous. The aim of this study was to determine the incidence of prenatal and postnatal risk
factors in children suffering from asthma. The study was conducted on a sample of 100 patients with a diagnosis of asthma
according to Global Initiative for Asthma guidelines. The data was collected using a questionnaire. We have considered
prenatal (smoking during pregnancy, hormone and antibiotic therapy, the use of acetaminophen and dietary supplements,
maternal blood sugar level, the term of delivery and the method of childbirth) and postnatal risk factors (oxygen and
antibiotic therapy during the first year of life, immunization status during the first 6 months of life and presence of the older
sibling in the family). In our study group, the most common prenatal risk factors related to asthma were: smoking during
pregnancy, hormone therapy, the use of the dietary supplements and delivery via Caesarean section, while the most
frequently found postnatal risk factors were: antibiotic therapy during the first year of life and the presence of older child in

the family.
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Introduction

Asthma is one of the most frequent chronic diseases of
childhood. According to GINA (Global Initiative for
Asthma) guidelines, it affects around 300 million indi-
viduals [1]. The prevalence of asthma in children aged
13-14 years is 1.5-15.6%, thus making it a global health
problem [1]. It is believed that chronic inflammation and
structural changes in respiratory tract lead to reversible
airflow obstruction and bronchial hyper-reactivity [2]. Its
etiology is not fully understood. It is believed that both
genetics and environmental factors play a role in its etiol-
ogy [3]. According to literature data, the most important
prenatal risk factors for childhood asthma are: smoking
during pregnancy, maternal diet, low birth weight, use of
antibiotics during pregnancy and delivery via cesarean
section, while the most important postnatal risk factors
are allergic sensitization, environmental tobacco smoke
exposure, exposure to animals, breastfeeding, decreased
lung function during infancy, family size and structure,
socio-economic status, antibiotics use and gender [3,4].
Studies performed among twins showed that genetic
factors have a significant role in the development of
asthma [5].
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Objective

The aim of this investigation was to determine the fre-
quency of prenatal and postnatal risk factors in children
with asthma.

Material and Methods

The study was conducted at the Pulmology and Aller-
gology Department of Nis Clinical Center Pediatric
Clinic, from November 2016 to March 2017, on a sam-
ple of 100 patients with a diagnosis of asthma according
to GINA (Global Initiative for Asthma) guidelines. In
our study group, male to female ratio was 61:39 (n = 61;
n = 39). The youngest patient included in the study was
19 months old and the eldest 17 years and 6 months. In
41 children (41%), the first symptoms of asthma oc-
curred before 3 years of age. The data was collected
from children’s parents by using a questionnaire. Pre-
natal risk factors included: smoking during preghancy
with the number of cigarettes smoked per day, hormone
and antibiotic therapy as well as the use of acetamino-
phen and dietary supplements, high maternal blood
sugar level. The data regarding the delivery term and
method have been also included in the questionnaire.
Postnatal risk factors were: oxygen and antibiotic ther-
apy during the first year of life, incomplete immuniza-
tion in the first 6 months of life and the presence of the
older sibling in the family.
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Results

An analysis of prenatal risk factors showed that mothers
were active smokers during pregnancy in 18% of all
cases (number of cigarettes < 5 per day in 12% and 6%>
5 cigarettes). Hormone therapy was used in 26% of the
pregnancies (n = 26), especially during the second and
third trimester. Progesterone medications were most
commonly used (n = 10; 38%). Eleven mothers (11%)
received antibiotics during pregnancy. p-lactam antibi-
otics were most commonly used (n = 6; 55%), followed
by cephalosporins (n = 2; 18%) and macrolides (n = 1;
8%). Antibiotics were used during different periods of
pregnancy. Acetaminophen was used during 3% of
pregnancies, especially during the last trimester. Dietary
supplements were used in 57% of cases. Vitamin com-
plex (n = 24; 42.1%) and folic acid (n = 14; 24.5%) were
most frequent. In 7% of cases (n = 7) glucose intolerance
or gestational diabetes was found. 95% (n = 95) had full
term delivery. Caesarean section was found in 23% of all
cases (n = 23). An analysis of postnatal risk factors
showed that 26% of children (n = 26) had oxygen and 61
children (61%) antibiotic therapy during the first year of
life. Immunization was completed according to
immunization schedule in 87% of cases (n = 87). Forty
five percent of children (n = 45) had older sibling.
The results are shown in Tables 1, 2 and 3.

Table 1 Prenatal risk factors in asthmatic children

Present Not

present

(%) (%)
Mother as active smoker 18 82
Glucose intolerance or gestational diabetes 7 93
Antibiotic therapy 11 89
Hormone therapy 26 74
Acetaminophen 3 97
Dietary supplements 57 43
Full-term delivery 95 5
Caesarean section 23 77
The number of cigarettes per day <5 >5

12 6
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Discussion

In the study group, 18% of the mothers were active
smokers during the pregnancy. In the literature, the in-
cidence of mothers who smoked during pregnancy is up
to 40% [6]. Six mothers (30%) smoked more than 5
cigarettes a day. Studies have shown that nicotine
passes through the placenta and affects the development
of fetal lungs [7,8], thus increasing the risk of asthma
onset in childhood [4,9]. Smoking during pregnancy
was associated with an increased risk for wheezing be-
fore the second year by 40% and between 5 and 18
years of age by 52%, while the children of mothers who
smoked more than 10 cigarettes during pregnancy had a
35% increased risk of asthma before age of seven
[10,11]. Eleven mothers received antibiotic therapy
during pregnancy.

According to the data from literature, 35% of moth-
ers whose children had asthma used antibiotic therapy
during pregnancy [12]. The connection between antibi-
otics use during pregnancy and the increased risk of
asthma onset is controversial. Some studies have shown
increased risk of asthma, while in other, authors have
come to the conclusion that the use of antibiotics is in
fact an indicator of the mother's tendency towards in-
flammatory reactions and infections and not a risk factor
by itself [13—17]. According to the "hygiene hypothe-
sis" reduced exposure to microorganisms can lead to a
change in immune system and predispose the individual
to atopic reactions [18]. The use of antibiotics in preg-
nancy may cause a change in the mother's microbiota
and predisposes the child to atopic reactions, particu-
larly by stimulating the Th2 cell response [19,20]. In
pregnant mothers B-lactam antibiotics were most com-
monly used (n = 6; 55%), which is in accordance to
literature data. The use of penicillin, especially during
the first trimester of pregnancy, significantly increases
the risk of asthma in childhood [21]. In our study, anti-
biotics have been administered during all trimesters of
pregnancy. The use of antibiotics during the second and
third trimesters proved to be a risk factor for the onset
of asthma in childhood [22].

Table 2 Representation of prenatal risk factors during gestation period in asthmatic children (%)

First Second Third Firstand second Second and third Al 3 trimesters
trimester trimester trimester trimester trimester
Antibiotic therapy 3 4 3
Hormone therapy 3 2 2 11 8
Acetaminophen 3

Table 3 Postnatal risk factors in asthmatic children

Present Not

(%) present
(%)
Antibiotic therapy 61 39
Oxygen therapy 26 74
Immunization completed 87 13

The presence of older sibling in family 45 55

In our study group, Acetaminophen was used in only
3% of all cases. Numerous studies have linked the pre-
natal use of Acetaminophen with an increased risk of
childhood asthma, but it was not possible to exclude that
these were just confounding factors [23,24].

The use of dietary supplements, especially folic acid,
which reduces the risk of neural tube defects, has been
reported in more than half of all cases. The data show-
ing that the use of folate increases the possibility of
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developing asthma in childhood are controversial -
studies are few and some of them show that there is no
link between prenatal use of folate and asthma while
others show that folate increases the risk of asthma
[25,26].

In 7% of cases (n = 7) the glucose intolerance or ges-
tational diabetes were present. The incidence of these
maternal risk factors in the literature is 2% and children
whose mothers were suffering from diabetes and asthma
both had a 11.3 times greater risk for developing asthma
[6, 27].

The full-term delivery was present in 95% (n = 95)
and Caesarean section in 23% of all cases (n = 23). Ac-
cording to data from literature, Caesarean section is
considered a risk factor for the onset of asthma in child-
hood [3,4].

An analysis of postnatal risk factors found that 26%
of children (n = 26) had oxygen and 61 children (61%)
antibiotic therapy during first year of life. It is believed
that the use of mechanical ventilation and oxygen
causes barotrauma and exposes the lungs to oxygen free
radicals and contributes to the development of bron-
chopulmonary dysplasia in premature babies thus in-
creasing the incidence of asthma and bronchial hyperre-
activity [28]. Broad spectrum antibiotics, especially
when administered to children with no genetic predispo-
sition for asthma, increase the risk of developing child-
hood asthma [29-31]. Immunization was completed
according to immunization schedule in 87% of cases (n
= 87). The KOALA study (Child, parents and health:
lifestyle and genetic constitution study) showed that
there was no statistically significant difference in the
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Abstract. Maxillary hypoplasia is one of the forms of class 111 malocclusion. On average, 60% class 11l malocclusions are
characterized by maxillary underdevelopment in all three directions. Anomalies in position, size and the shape of facial
bones, maxilla in particular, usually appear in childhood, become more pronounced in adolescence until the end of the
growth period. The aim of the paper is to show the camouflage treatment of the patient in adolescence with maxillary
hypoplasia. Using the RME method in the upper jaw, extraction in the lower jaw and fixed orthodontic devices in both jaws,

a satisfactory result was achieved.

Key words: Maxillary hypoplasia, Camouflage therapy, Rapid Maxillary Expansion (RME).

Introduction

According to Angle, Class Il malocclusion represents a
relationship in which the lower first molar is more
anteriorly placed related to the upper first molar [1]. Itis a
symptomatic or phenotypic description of occlusion which
uses the relationship of first molars as a criterion and it
does not clarify mutual relationship of the maxillary and
mandibular skeletal base, as well as their relationship
towards the skull base. Regardless of this, this is the most
commonly used classification of malocclusion, due to its
simplicity. However, many authors criticized its flaws,
such as the lack of definition of transversal and vertical
dimension [2]. The research carried out to identify
anatomic specificities of class 111 malocclusion showed that
deformity is not only limited to occlusion and
overdevelopment of the lower jaw (as it was considered
until 1970), but it includes the entire craniofacial complex.
Most of the individuals with class 11l malocclusions have a
combination of skeletal and dentoalveolar components,
such as insufficient length of the frontal skull base, reduced
angle of the cranial base, short and retrognathic maxilla,
protruded maxillary incisors, retruded mandibular incisors,
excessive lower anterior face height and obtuse gonial
angle [3].

The etiology of class III malocclusion is multifacto-
rial, with hereditary, ethnical, ecological and habitual
components. Factors that contribute to anomaly are
complex [4]. It is considered to be very difficult for
therapy [5,6].
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Different ethical groups show various rates of
prevalence of class Ill. It ranges from around 0.8—4% in
Caucasians and around 13-14% among the Chinese and
Japanese. In Asian population, majority of patients show
deficit of the middle third of a face. According to literature,
more than 60% of the cases of class Il malocclusion
occurred due to maxillary skeletal deficit [3,7,8].

A non-esthetic, concave face profile and functional
disorders are the most common cause of seeking therapy.
However, a concave profile with an altered nasolabial
angle is often camouflaged by a natural dentoalveolar
compensation. (e.g. with extremely pronounced protruded
upper incisors).

This malocclusion can be classified into three types
according to anatomic heterogeneity, more precisely,
according to mutual relationship of the maxilla and
mandible towards the base of the skull [1,3,4,9-12]. Type
A has a normal maxilla and overdeveloped mandible. Its
name is regular mandibular prognathism, since anterior
crosshite or class 11l malocclusion resulted from the
overdeveloped mandible. Type B has an overdeveloped
maxilla and mandible, but the mandible has grown more
than the maxilla, which results in a reduced nasolabial
angle and anteriorly positioned point A. This type is more
often found in Asians [2].

A typical characteristic of type C malocclusion
is hypoplasia of the maxilla. On average, 60% in class
Il malocclusion are characterized by maxillary
underdevelopment in all three directions [8]. Anomalies
in position, size [13] and the shape of facial bones,
maxilla in particular, usually appear in childhood,
become more pronounced in adolescence until the end of
the growth period [14].

In some cases of class Il malocclusion, type C, with
dentoskeletal mismatch, there are three possible therapeutic
possibilities in general: modification of growth;
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camouflage through dental compensation; surgical
reponing of jaw bases [4,10,15]. For surgical correction,
anterior positioning of the maxilla with maxillary
osteotomy is necessary for obtaining a normal position of
the upper lip and adequate nasolabial angle, and Le Fort |
osteotomy are most commonly used [2,16].

As for the modification of growth, it is evident that
the basic parameters that need to be considered are age,
sex, type of malocclusion and the engagement of the
skeleton in existing malocclusion. Age and sex impose
precise time limits of each orthopedic treatment, in
particular in the treatment of growth modification [17].
Growth modification with a facemask (Delaire) can be
used for the correction of this malocclusion during the
growth, and the options for treatment are limited to
those with mild sagittal discrepancies [18,19].

Currently, there is a rational consensus on two basic
questions. First, growth can be positively modified only in
certain types of patients, which significantly limits this
approach: maxilla and mandible could be stimulated to
grow for a few additional millimeters. Therefore, it is not
possible to obtain significant transformations. Second,
during each orthodontic treatment teeth inevitably move
in the direction of the correct occlusal relationship. These
movements of teeth, which could be called ‘dental
compensation of skeletal discrepancy’, make the complete
orthopedic and skeletal correction difficult and introduce
some elements of dental camouflage [20]. Orthodontic
camouflage is a therapeutic process which largely uses
extractions and orthodontic masking of skeletal
discrepancy, instead of correcting them. Consequently,
dentoalveolar compensation is performed without the
correction of basal discrepancy [21].

The camouflage treatment with selective extractions
is usually applied in borderline cases. However,
sometimes we use it to treat patients with difficult
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problems who do not want surgery as a part of treatment.
The camouflage treatment should be prescribed for young
adults only if there are cephalometric indications before
the beginning of the treatment that residual growth will
not cause the deterioration of deformity after the therapy.
The camouflage therapy also implies that the treatment
will have a favorable effect or at least it will be less
harmful for face esthetics [21].

Case Report

A male patient, aged 15, came with the complaint of
esthetic (crooked teeth which are exposed during smiling
and speech) and functional problems (chewing and
difficulty breathing through the nose). It was found out
from the anamnesis that he has a twin sister who does not
have similar problems, that he had frequent respiratory
infections in early childhood and the adenoid removed at
the age of 3, three years of unsuccessful orthodontic
treatment with a removable appliance for the widening of
the upper jaw. The extraoral finding points to the
presence of a leptoprosopic, adenoid face with paranasal
depressions, wide buccal corridors which are exposed
during smiling and speech and mostly oral respiration.
The concavity of the profile is to a great extent
camouflaged with the anteriorly inclined profile and full
lips (Fig. 1 A, B, C). Intraorally: the movement of the
middle of the upper dental arch to the right side; the lack
of the upper right canine in the dental arch with
completely closed space for this tooth, narrow and high
position of the upper left canine, bilateral crossbite with
the lack of occlusal contact on the right side; cutting
relationship of central incisors with the antagonists;
crowding and retrusion of lower frontal teeth. The
analysis of study models showed ¥z class Il of maloc-
clusion according to the reconstruction followed by big-

Fig. 1 A B C Pretreatment extraoral photographs (frontal, lateral view and smile)
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Fig. 2 A B C D Pretreatment models (frontal, left, right and occlusal view)

ger transversal disharmony between the upper and lower
dental arch (-6 mm in bimolar distance). The asymmet-
rical upper dental arch with the complete loss of space for
the upper right canine and partly for the left. There is a
collapse of upper frontal teeth and the crowding of the
lower ones, anterior crosshite on the lateral incisors; an
incisal contact only in the area of central incisors in the

cutting relationship; the crossbite on the right side and
difficult degree non-occlusion - only first molars are in
contact. On the left side, the degree of crossing is milder
and there is a contact of antagonists (figures of models)
(Fig. 2 A, B, C, D).

The analysis of orthopan: Impaction of the upper
right canine, the presence of all third molars (Fig. 3).

Fig. 3 Panoramic radiograph before therapy
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A

Fig. 4 A B Pretreatment lateral cephalometric radiograph and cephalometric tracings

Profile cephalogram analysis: There was bimaxillary
retrognathism whereby retrognathism of the maxilla
dominates, as well as mesial gnathic and dentoalveolar
relationship. Then, the increased basal angle, sharp in-
cline of the occlusal and mandibular plane, the retrusion
of lower incisors, hyperdivergent type of growth (Fig. 4
A, B).

The plan of the treatment

Two options were suggested to the patient:

1. Presurgical orthodontic treatment of rapid palatal
expansion, followed by the use of fixed appliance with
surgical intervention of releasing the impacted upper
canine and the leveling of the upper and lower dental
string. In the second phase, the anterior positioning of
the maxilla with the maxillary osteotomy was predicted
(Le Fort | osteotomy) which would enable optimal
reponing and harmonization of sagittal relationship of
jaw bases.

2. The other option was camouflage therapy in the
second phase, with which the existing disharmony
would be regulated on a dental level, by extracting
the lower first premolars.

Since the patient rejected the option of surgical
treatment of the reposition of the maxilla at first arrival,
the other option was then accessed.

The Objectives of the Treatment

= To transversally develop the maxilla by using the
appliance for rapid palatal expansion, with which
transversal skeletal discrepancy between the lower and
upper jaw and crosshite would be removed, dissipate
the existing crowding and create space for canines;
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= To extract lower first premolars, and to dissipate the
crowding of lower frontal teeth at the expense of
postextracted space, as well as to achieve retrusion that
would enable improved contact of frontal antagonists.
These therapeutic procedures were expected to enable

the improvement of the function of breathing as well as the

correction of facial esthetics and the appearance of a smile.

The progress of treatment

In the first phase the appliance for rapid maxillary
expansion  with the base on the first molars was
constructed. Hyrax screw was used in the basis of the
construction (manufacturer Leone, stock No A0620-
13). The activation of the screw took place once a day. The
expansion of the maxilla was achieved in less than a month
(Fig. 5 A, B, C, D). Afterwards, both first premolars were
extracted. Two months after placing the appliance for rapid
palatal expansion, an upper and lower fixed appliance was
placed (full arch, prescribed by Roth, slot 0,022”) for
the leveling in both dental arches. The treatment began
with an 0.012” niti archwire on the upper and lower arch
and Phase I finished with an upper and lower 0.019” x
0.025” SS archwire (American Orthodontics). It was
scheduled to surgically release the impacted upper right
canine which had a favorable position for placing in the
dental arch and its linking to the system which would
enable correct positioning. The lower spaces were closed
with a 0.017” x 0.025” SS lower archwire and a short
elastomeric chain (American Orthodontics). The therapy
lasted 2 years altogether. The appliances were removed,
and upper and lower circumferential retainers were placed
as retention. The patient was instructed to wear it at night.
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C

Fig. 5 A B C D A view shows an adequate space created with the help of the RME appliance

Results

The results were obtained by comparing the initial and
final cephalometric values, extraoral and facial
photographs and study models.

Extraoral analysis

Post treatment en face photography portrays a
harmonious face with balanced facial contours; on the

A
Fig. 6 A B C Post-treatment extraoral photographs (two years after therapy) (frontal, lateral view and smile).

lateral photography an anteriorly slanted profile was
noticed, facial harmonious relationship in the lower
third, as well as mild increase of the nasolabial angle. In
the smile photography a smile with the increased
expression of teeth was noticed, by overlapping of
middle lines of dental arches and complete elimination
of crowding (Fig. 6 A, B, C).

Cc
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The analysis of study models

When comparing the initial and final study models the
leveling of the upper and lower dental arch is evident;
class | in the area of canine teeth and class Il in the
area of molars, acceptable occlusal intercuspation in the
front segment as well as in lateral parts (Fig. 7); reduced
overbite and overjet are noticed, symmetrical and oval
upper and lower dental arch (Fig. 8 A, B, C, D).

Fig. 7 Pretreatment upper model and upper model after
therapy

The analysis of a profile radiography shows the
following enhancements: the angle of maxillary
prognathism (SNA), the angle of maxillomandibular
discrepancy (ANB), the decrease of the basal angle (B),
the decreased inclination of occlusal plane (Occl/SN),
the improvement in the relationship of the frontal and
back height of the face (SGo/NMe), decreased distance

C
Fig. 8 Post-treatment models (frontal, left, right and occlusal view).
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of the upper and lower lip from the esthetic line (Table
1, 2). The deterioration of parameters occurred on the
dentoalveolar level is the increase in the degree of
protrusion of upper incisors and retrusion of lower incisors
and the decrease of the interincisor angle (Fig. 9 A, B).

Table 1 Cephalometric evaluation of the patient before
and two years after treatment

Measurement Before treatment  After treatment
SNA (82) 72 75
SNB (80) 75 76
ANB (2-4) -3 -1
SND (76-77) 70 72
N S Ar (1237) 132 128
S Ar Go (143) 138 141
Gonial angle (130) 133 132
Y axis (59-+4) 62 59
SN/Occ. plane (14") 25" 20
SN/Go-Gn (327) 40 39
N-Me (mm) 116 116
S-Go (mm) 71 72
1/1 (130-150) 139 131
1-NA (4 mm) 4 mm 6 mm
1/NA (22) 19 31
1-NB (4 mm) 3mm 2 mm
1/NB (25) 26 18
Wits (-1mm) 10 mm -7 mm
E line-upper lip (3mm) 8 6
E line-lower lip (2mm) 5 4
GI-Sn-Pg (169+3) 168 168
B (207) 33 28
AB/SpP (997) 89 91
PgA/SpP (99°) 89 92
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Table 2 Occlusal evaluation of the dentoalveolar parameters before and two years after treatment

Features Pre-treatment Post-treatment
Incisor relationship reverse overjet normal overjet
Overjet (mm) -1 2
Overbite (mm) 0 2
Midlines shifted co-incident
Molar relationship (left/right) Y class 11 / % class 111 class 111/ class 111
Canine relationship (left/right) Y class 111/ % class 111 class |/ class |

Fig. 10 Panoramic radiograph two years after therapy.

In the panoramic radiography, it can be noticed
that all teeth have an adequate parallelism of the root,
without the loss of bones or present pathological
processes (Fig. 10).

Discussion

The strategy for the treatment of borderline cases with
maxillary hypoplasia by camouflage therapy is based on
creating dentoalveolar changes that will compensate the
dishalance of the skeletal base. The decision on which type
of treatment is appropriate is usually based on the degree of

anteroposterior and vertical discrepancy of the skeleton,
inclination and the position of the incisors and dentofacial
appearance [21].

Orthodontic camouflage is a sustainable alternative for
treating mild to moderate maxillary hypoplasia with the
view to correcting occlusal relationships in patients who
reject surgical treatment due to various reasons. The ideal
candidate for camouflage treatment should have small
residual potential of growth and mild to moderate
crowding, so that postextracted space could be used,
whereby orthodontic camouflage effect and visual
enhancement of dentoskeletal relationships are enabled
[19,21].
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Type of growth in this kind of malocclusions with
camouflage therapy also has great significance. Some
retrospective studies have shown that subjects with
maxillary retrognathism most commonly have vertical
pattern of face growth, which seems to be another
mechanism for compensation [22]. The presented patient
had precisely that kind of growth pattern. A vertical growth
model is an important factor for the successful treatment
of maxillary hypoplasia. The reduced lower height of
anterior face, increased overbite and passive closing of lips
related to Class 1l malocclusion have a better prognosis,
since the rotation of the mandible opposite of clockwise
caused by treatment, helps camouflage sagittal
discrepancy. When the increased lower height of anterior
face is related to this malocclusion, surgical intervention is
usually the treatment of choice, since every therapeutic
induction of clockwise rotation leads to the increase in
vertical dimensions of a face and consequently causes the
incompetence of lips [1].

The usual orthodontic camouflage is performed by
protrusion of upper and retroclination of lower incisors,
which, as mentioned before, results in mandibular
rotation downwards and back. Often, extraction is a
necessary component of the camouflage method. The
most commonly used pattern of extraction is the
removal of lower first premolars [9,15,19].

Some authors suggest the extraction of one lower
incisor as an alternative to extraction of lower first
premolars within camouflage therapy. That kind of
extraction is occasionally recommended to patients with
frontal crossbite or cutting relationship of the incisors.
The decision is determined by factors such as
pronounced anterior crowding in the mandibular arch,
discrepancy of Bolton’s index and the degree of
negative overjet and overbite [9]. Other authors think
that the extraction of incisors can favorably affect the
maintenance of a face profile and the correction of
crowding of the lower string of teeth [21,23]. According
to the reports of studies which compared the stability of
postretention in patients treated with the extraction of
lower premolars and those treated with the extraction of
one mandibular incisor, these authors found that the
more acceptable solution is to level the mandibular arch
with the extraction of one incisor [21,24,25].

Sometimes, when the circumstances in the mouth
are favorable, the extraction of first lower molars is
recommended. These are compromising extractions,
which are applied when first molars have extreme
cavity, hypoplastic lesions, apical pathologies or great
restorations. Other situations in which first molars can be
removed are significant crowding in the distal part of the
mandibular arch, large angle of the mandibular plane and
anterior open bite. The imperfection of first lower molars
extraction is a difficulty in closing of the space, due to the
fact that lower second molars inclined mesially and
lingually, leaving interproximal spaces [15].

Where is the boundary between orthodontic
camouflage and orthognathic surgical therapy? Proffit and
Ackermanin’s  concept "3 envelopes of discrepancy”
suggested the degree of protrusion of the upper incisors in
relation to the retrusion of lower incisors as a critical
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limitation [26]. Kerr et al. attempted to establish
cephalometric criteria to objectivize these boundaries. The
most important factors which differentiated operative and
camouflage patients in their study were the size of
anteroposterior deviation, the incline of mandibular
incisors and the appearance of a soft tissue profile
[9,21,27]. The presented patient had favorable inclination
of upper and lower frontal teeth, whereby these natural
compensatory resources were not used, so the biggest part
of orthodontic camouflage happened at their expense.
Regardless of clear criteria of decision in favor of one or
other type of therapy, the choice between camouflage
treatment and orthodontic surgery remains the challenge of
specialty [9].

In the presented case, the extraction of lower first
premolars resulted in the decrease of the angle of
maxillomandibular prognathism, basal angle, inclination
of occlusal and mandibular plane, as well as the reduce in
concavity and obtaining an esthetic profile. What it needs
to be taken care of during the retrusion of lower incisors is
the fact that these patients have concave profiles, with a
thin basal bone over the symphysis. The significant lingual
incline or distal movement of incisors after the extraction
of mandibular premolars can negatively affect a concave
profile in comparison to non-extraction cases and it can
even cause unwanted complications such as the expression
of the root and the resorption of incisors [21].

The success of sagittal correction of relationship
between maxilla and mandible for class 1l malocclusion
depends on coordination of transversal and vertical
relationships in combination with the growth potential of
every patient [28]. When we talk about transversal
underdevelopment of the maxilla, the circumference of
required width which is necessary to establish with the
expansion, is based on the basic concept that it is necessary
to achieve close to 20% of overcorrection of the transversal
deficiency [20]. This should be taken into consideration
due to the choice of the appliance for transversal expansion
since the presented patient had the lack of space of 6mm,
the required 7.2mm (with overcorrection) could be
obtained only by using the methods of rapid expansion of
the maxilla (splitting of the palatal suture). The age of the
patient enabled us to apply this method. By choosing this
kind of appliance, the space for placing the impacted
canine was obtained. What is the durability of the results
achieved with this kind of therapy? The presented patient
did not show the tendency for relapse for two years after
the completion of the therapy, and the literature data point
that relapse of class Il primarily stems from mandibular
growth, and not due to relapses in the maxilla [7].

Conclusion

This case report shows that camouflage orthodontic
therapy of skeletal Class I1l malocclusion with maxillary
deficiency in a growing male individual can be
successfully managed using the RME procedure followed
by extraction therapy with fixed orthodontic treatment.
The adequate diagnostic and orthodontic treatment,
patient cooperation, and long-term stabilization ensure a
treatment result that is successful, stable, and esthetic.
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Case Report

SURGICAL TREATMENT OF COMPLEX CROUZON
SYNDROME CRANIOSYNOSTOSIS

Aleksandra Zdravkovié, Bojana Zivkovié¢, Mirko Mié¢ovié, Lukas Rasuli¢

Clinic of Neurosurgery, Clinical Center of Serbia, University of Belgrade, Belgrade, Serbia

Abstract. Crouzon syndrome is one of the most common syndromic craniosynostosis. We present complex course of
treatment in a child with Crouzon syndrome presented with multisuture craniosynostosis and hydrocephalus. A 3-months-
old boy was admitted with clinical signs of hydrocephalus and turribrachycephaly. Firstly, the hydrocephalus was
addressed. The ventriculoperitoneal shunt with programmable valve was implanted. Secondly, in May 2017, posterior
calvarial remodeling was done. Finally, after the child recovered, anterior calvarial remodeling with fronto-orbital
advancement was performed. This completed the calvarial remodeling in this patient. Child is doing well, so far completing
milestones of child development in time. This case presents an extremely complex case of syndromic multisuture
craniosynostosis, in which it was necessary to perform the entire calvarial remodeling to correct the deformity and to

provide a chance to the brain to grow and develop without constrictions.

Key words: Crouzon syndrome, craniosynostosis, hydrocephalus, surgical treatment.

Introduction

Crouzon syndrome was described in 1912 by neurolo-
gist Louis Crouzon. It is one of the most commonsyn-
dromic craniosynostosis [1]. It is a genetic disorder with
autosomal dominant inheritance, including more than 30
mutation of gene FGFR2 (fibroblast growth factor re-
ceptor 2) [2]. Clinically, it is presented with cranio-
synostosis and facial hypoplasia. The craniosynostos is
usually involves multiple sutures. The facial appearance
is caused by underdeveloped maxilla that is responsible
for typical phenotype-hypertelorism, exophthalmos, and
short nose. Eye closing can be difficult in prominent
exophthalmos while breathing difficulties occur due
tomaxilla deformity. Interestingly, children with this
disorder are usuallyof normal intelligence [2—4].

We present complex course of treatment in a child
with Crouzon syndrome presented with multisuture cra-
niosynostosis and hydrocephalus.

Case presentation
History

He is the second child from third properly administrated
pregnancy. There were not earlier congenital anomalies
in family. During a routine sonography in the 37" week
of pregnancy, dilatation of the cerebral ventricleswas
noted with no other fetal disturbances. After birth,
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turribrachycephalywas apparent, but also large bulging
anterior fontaneland palpable calvarial defects. No other
anomalies were noted, except high-arched palate.

Operation

At that time, the 3-months-old boy was admitted with
clinical signs of hydrocephalus and turribrachycephaly.
Computed tomography (CT) showed extremely dilatated
cerebral ventricles, all sutures were wide open and the
bone was extremely thin due to the raised intracranial
pressure. So, during the same hospitalization, in Decem-
ber 2006, ventriculo-peritoneal shunt (VP shunt) with
programable valve was implanted to treat the hydroceph-
alus. The child recovered well after surgery. With ad-
dressing the hydrocephalus, time has been given for bone
ossification and reduction of the size of bone defects so
the remodeling can be done (Figs. 1-2).

In May 2017, posterior calvarial remodeling was
done. The bone covering the posterior fossa was
completely removed followed by bilateral osteotomies
lcm posterior to the coronal suture. The bone band
approximately 2cm wide was removed and repositioned
to reconstruct the occiput. Following this, the remaining
parietal and occipital bone was divided in two pieces
and rotated to create adequate cranial shape. All bone
pieces were fixed using 2.0 absorbable surgical sutures.
With this, decompression of posterior cranial segment
was done as well as remodeling of the calvarium.The
child recuperated well after surgery.

In October 2017, final surgical procedure was
performed, an anterior calvarial remodeling.Using the
same incision of the previous surgery, frontal bone was
exposed just below supraorbital ridges bilaterally. After
bilateral osteotomy at the coronal suture and 1.5 cm
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Fig. 1 Photographs of the child before first
reconstruction surgery

Fig. 2 Preoperative CT three-dimensional bone
reconstruction showing complex head deformity
and position of the ventricular catheter and valve

above supraorbital margin of the frontal bone, the
frontal bone was elevated in one piece. Then, fronto-
orbital bandeau was made followed by fronto-orbital
advancement. The bone was advanced for approximately
2 cm and fixed using resorbable plates and screws.

Post-operation period

This completed the calvarial remodeling in this patient
(Figs. 3—-4). Child is doing well so far, completing mile-
stones of child development in time. Facial advancement is
due to be done after the child is approximately 6 years old.

75

Fig. 3 Postoperative CT three-dimensional bone
reconstruction showing entire calvarial
remodeling and corrected shape

s DessERE |
Fig. 4 Photographs of the child on the second postoperative
day, showing immediate excellent results

Discussion

In the literature so far, numerous surgical techniques
have been described to treat this complex cranio-
synostosis. Usually, the patient needs several surgeries
to attain good results.

To achieve posterior decompression and remodeling,
some authors consider that craniectomy of the posterior
fossa is enough [5]. Others, expand entire posterior part
of the calvarium using springs or distractors [6]. How-
ever, using this technique is creating a need for addi-
tional surgery, to remove the distracters and springs,
thus additionally complicating the treatment course.
Design and size of craniotomy are planned according to
wanted gain and shape.

Simultaneous forehead remodeling and fronto-or-
bital advancement is performed to deal with anterior
calvarial deformity [8].
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Later in life, facial reconstruction needs to be done
since the maxilla, nasal complex, and zygomatic body
are hypoplastic and the orbits are shallow. These de-
formities lead to functional problems that may include
airway obstruction (up to 50% of these patients may
have sleep apnoea) [8], exorbitism with corneal ulcera-
tion, and lid dislocation.

Using the distraction osteogenesisthe mid-face ad-
vancement can be achieved. The technique is carried out
with monobloc distraction in younger children (less than
2 years of life) and Le Fort 111 osteotomies and distrac-
tion in age 6-10 [9].

Sometimes the treatment course can be simpler.
Thompson et al.describeda Crouzon syndrome case,
where only occipital cranial vault advancement and de-
compression was done. Several years later, only the
facial correction was necessary [10].

De Jong et al. recommended only fronto-orbital ad-
vancement [11]. Jeevanetal. consider a posterior de-
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