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Introduction  One of the most important goals of
any health policy should be to protect the health
of children and adolescents.' Preventive strat-
egies in the population aged 18 years or young-
er have 2 basic goals: the detection of diseas-
es at the earliest stages and the search for risk
factors of civilization diseases. This is crucial
because prevention in a young person makes it
possible to reduce the incidence of many diseas-
es throughout their life. The number of studies
assessing the prevalence of individual diseas-
es in adolescents is increasing, while epidemio-
logical studies that would assess health of chil-
dren and adolescents in a holistic way are still
missing. Lack of a comprehensive assessment of
the state of health with simultaneous search for
risk factors of civilization diseases in this popu-
lation precludes the implementation of holistic
screening models and, consequently, adequate
preventive measures.

The main objective of the study is to compre-
hensively assess the health status of adolescents
and to identify needs in the area of prevention
and therapy. Understanding these needs will al-
low for the development of an optimal model of
screening assessments and basic educational ac-
tivities for teenagers. Therefore, an additional
goal of the study is to propose a panel of screen-
ing assessments based on the epidemiological sit-
uation of adolescent health.
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Patients and methods  The study was carried out
from October 2013 to December 2013 and from
October 2014 to December 2014 as part of 2 edi-
tions of the Program For the Early Detection
of Risk Factors for Civilization Diseases SOP-
KARD-Junior. All students aged 14 years attend-
ing gymnasiums (Polish counterparts of junior
high schools) in Sopot, Poland in the given year
were invited to participate. Participants were re-
cruited in September 2013 and September 2014,
accordingly. The city of Sopot was chosen be-
cause of its proximity to the Medical Universi-
ty of Gdanisk and the University Clinical Centre
in Gdansk, Poland and very good cooperation
with the local government that has supported
this project for many years.

Anthropometric and blood pressure (BP) mea-
surements, echocardiography, orthopedic, psy-
chological-psychiatric, and dental assessments
as well as biochemical blood and urine tests were
performed. Orthopedic, echocardiography, psy-
chologic-psychiatric, and dental assessments were
performed by doctors with experience in the spe-
cific area. Generally, the assessments in the SOP-
KARD-Junior program have been designed to
enable the identification of 3 groups of children:
group 1 including those with results within the
age-specific norm; group 2 including those with
borderline results; group 3 including those with
abnormal results or a diagnosis.



A detailed methodology of this study, which is
part of the SOPKARD-Junior program, was de-
scribed previously.?

Anthropometric assessment included mea-
surements of height and body mass, and calcula-
tion of the body mass index (BMI) (calculated as
BMI = weight in kg/ [height in m]?). Obtained re-
sults were compared with centile charts valid for
the Polish population.® Adolescents with normal
body weight (>5th to <85th percentile) were in-
cluded in group 1, those with overweight (>85th
and <95th percentile) and underweight (>3rd and
<5th percentile), in group 2; while those with obe-
sity (>95th percentile) or malnutrition (<3th per-
centile), in group 3.

Blood pressure was measured 3 times during
1 visit at 2-minute intervals. The mean of the sec-
ond and third readings was used in the analysis.
The mean systolic and diastolic BP values were
compared with the up-to-date centile charts for
the Polish population.’ The mean BP values below
the 90th percentile were assumed to be normal.
The mean BP values between the 90th and less
than 95th percentile were qualified as high-nor-
mal, and the mean BP values equal to, or greater
than 95th percentile were considered elevated. Fi-
nally, adolescents whose mean values of both sys-
tolic and diastolic pressure were within the nor-
mal range were included in group 1. Group 2 in-
cluded those with high-normal mean systolic or
diastolic BP. Group 3 included those with elevat-
ed mean values of systolic or diastolic BP.

Echocardiography was performed with the GE
Vivid 95E Cardiac Ultrasound System (standard
views in 2-dimensional-mode, M-mode, and col-
or Doppler mode; General Electric Healthcare,
Chicago, Illinois, United States) with simulta-
neous recording of 1 electrocardiography (ECG)
lead. The results obtained were compared with
weight-specific norms. Based on the echocardiog-
raphy, adolescents were classified into 3 groups:
group 1 including those without any abnormali-
ties; group 2 including those with abnormalities
of low hemodynamic significance, such as pat-
ent foramen ovale (PFO), pulmonary insufficien-
cy, tricuspid insufficiency, which may worsen in
the future and therefore require periodic cardiac
assessments; and group 3 including those with
newly diagnosed or pre-existing heart disease re-
quiring cardiac care (heart defects, cardiomyop-
athies, aortic insufficiency, mitral insufficiency).

Diagnostic workup of caries as part of dental
examination was performed using the visual-tac-
tile method. The mouth was illuminated by a front
electric lamp and the diagnostic kit (World Health
Organization periodontal probe and dental mir-
ror) was used for the detection of caries (primary
and secondary lesions were diagnosed where the
cavity was softer than the tooth tissue, exclud-
ing stains and discoloration of noncarries origin
and developmental disorders of the enamel), fill-
ings, and teeth removed due to caries.® Group 1
included adolescents who had never had caries
(D + M + F = 0, where D stands for decayed, M

stands for missing, and F stands for filled). Group
2 included those without active carious process
(D = 0) but with at least 1 filling (F >0) and/or
tooth lost due to caries (M >0). Group 3 includ-
ed those with active caries (D + M + F >0, where
D >0; M 20; F 20). Obtained data were recorded
in a dental chart and then analyzed to assess the
DMF index and the frequency of caries (group
2 and 3) in students participating in the study.

Blood samples were collected from every pa-
tient after 8 to 12 hours of fasting and an over-
night rest. First morning urine specimens were
delivered the same day in the container received
at the initial meeting. The following biochemical
tests were performed: C-reactive protein, electro-
lytes, thyroid-stimulating hormone, creatinine,
total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-O), triglycerides (TG), blood glu-
cose, and peripheral blood cell count. Low-densi-
ty lipoprotein cholesterol (LDL-C) level was cal-
culated using the Friedewald formula.® A urinal-
ysis was performed and potassium, sodium, cre-
atinine, and albumin levels were determined in
the morning urine samples. All assays were per-
formed at the Central Clinical Laboratory of the
University Clinical Centre in Gdansk, which is re-
corded in the Register of the National Chamber
of Laboratory Diagnostic (no. 1661).

Each result of a biochemical test was assigned
to 1 of the 3 groups: group 1 including results
within the age-specific normal range; group 2 in-
cluding borderline results (between normal con-
centration and abnormal concentration); group
3 including abnormal result.

Measured values of TC, TG, LDL-C, and HDL-C
were used to assess the cardiovascular risk. Ac-
cording to the experts of the National Education
Cholesterol Program, the results of children and
adolescents are classified into 3 groups: normal
acceptable, borderline, and elevated values accord-
ing to centile charts.”® The purpose of the carbo-
hydrate metabolism evaluation was to determine
fasting glucose levels. If after the first determina-
tion the result did not fit into the reference val-
ues (2100 mg/dl),’ the patient was invited again
for additional measurement (second step). Thy-
roid stimulating hormone (TSH) assays were used
to assess thyroid function.'’ In order to find the
earliest indicators of kidney damage, the urinary
albumin-to-creatinine ratio (UACR)""'% was used.
Additionally, serum creatinine and general urinal-
ysis were assessed. The reference values that al-
low classifying the results obtained to particular
groups are presented in TABLE 1.

During orthopedic analysis, static and dynamic
body posture assessments were performed with
particular emphasis on the foot and ankle. Adoles-
cents who did not show any deviations from the
age norm (normal-arched foot posture or stage I
pes planovalgus) were qualified to group 1. Group
2 included those with stage II and III pes planoval-
gus with generalized soft tissue laxity (Marshall
test) in whom complete correction was observed
in unloaded state and dynamic testing. Group 3
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TABLE 1 Reference values used to classify participants into study groups

Variable Normal (acceptable) Threshold (borderline) ~ High levels (group 3)
levels (group 1) levels (group 2)
TC, mg/di <170 170-199 >200
TG, mg/di <90 90-129 >130
HDL-C, mg/dl >45 35-45 <35
TSH, mU/I 11-14 years of age <4.61 NA >4.61
15-18 years of age <4.33 NA >4.33
Glucose, mg/dl 70-99 NA >100
UACR, mg/g <30 NA >30

Abbreviations: HDL-C, high-density lipoprotein cholesterol; NA, not applicable; TC, total cholesterol; TG, triglycerides;
TSH, thyroid-stimulating hormone; UACR, urinary albumin-to-creatinine ratio

included those with uncorrectable flat foot (in-
cluding those with incomplete correction), con-
tracture of the gastrocnemius muscle, asymmet-
ric valgus deformity, and other diseases of the
musculoskeletal system requiring further diag-
nosis and treatment.

As part of psychological and psychiatric assess-
ment, the severity of depressive symptoms and
the prevalence of depression were evaluated. In
the first step, the Beck Depression Inventory was
administered to all the examined adolescents. In
the second step, students with depressive symp-
toms were invited to undergo a psychiatric exami-
nation. As a result of these assessments, 3 groups
of adolescents were distinguished: group 1 includ-
ing healthy children who showed no depressive
symptoms in the screening test; group 2 includ-
ing those at risk who showed depressive symp-
toms in the screening test (Beck Depression In-
ventory score >10 points); and group 3 including
those who were diagnosed with clinical depres-
sion based on medical psychiatric examination.
Adolescents with depressive symptoms who did
not report for a clinical evaluation to a child psy-
chiatrist were qualified to group 2.

Data regarding the occurrence of individu-
al health problems were supplemented on the
basis of detailed interviews with parents. Par-
ents filled out a questionnaire containing ques-
tions about chronic diseases in their child. If
the parent said that the child, for example, had
diabetes, he or she was automatically qualified
to group 3.

The final overall assessment of the health sta-
tus of each child was performed by analyzing
the results using the weighted burden analysis.
Group 1 was assigned the weight of 100 points,
group 2, 50 points, and group 3, 0 points. The ob-
tained scores were summed up and the arithme-
tic mean was calculated for each child. Adoles-
cents who participated in at least 5 assessments
were included in the analysis. The program has
been approved by an independent bioethics com-
mittee (assigned numbers, NKEBN/510/2006,
NKEBN/510-350/2007, NKEBN/510-364/2009,
NKBBN/510-249/2012, NKBBN/510-403/2014,
NKBBN/278/2016).
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Statistical analysis Qualitative data are present-
ed as frequency (percentage). Statistical analysis
was performed using the R statistical package,
version 3.2.3 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Patient and public involvement The only condition
that had to be met for a teenager to be included
in the program was obtaining the written consent
of the teenager and his or her legal guardian. Af-
ter the study, parents received individual infor-
mation cards with their child’s medical results.

Results  Overall, 337 junior high school students
were invited to participate in the SOPKARD-Ju-
nior program implemented in 2013 and 2014, of
which parents of 282 students (83.7%; 133 girls
and 149 boys) gave their written consent to their
child’s participation in the program. The mean
age of adolescents was 14 years and 5 months
(SD, 0.6; range, 13 years and 4 months to 15 years
and 4 months).

The percentages of the adolescents included
in groups 1, 2, and 3 are presented in TABLE 2. The
highest percentage of adolescents included in
group 3 was observed in dental examinations
(49.2%), followed by orthopedic (26.3%), lipid
profile (21.2%), and anthropometric assessments
(12.3%). Detailed results of orthopedic examina-
tion are presented in Supplementary material,
Tables S1and S2.

The highest number of adolescents with dis-
orders that classified them as group 2 was found
in the lipid profile assessment (38.6%), ortho-
pedic assessment (30.3%), and in psychological
and psychiatric assessment (25.7%) (TABLE 2). It
is worth noting that almost 10% of adolescents
had abnormal echocardiography with ECG results
(group 3). In 1 patient, cardiac arrythmia (supra-
ventricular extrasystoles) was detected. Diseas-
es detected by echocardiography are presented
in the Supplementary material, Tables S1and S2.

The first step of blood glucose assessment
showed elevated glucose values in 2.7% of ad-
olescents; however, in the second step the per-
centage of abnormal results was 0. One child was
qualified to group 3, despite lack of fasting blood



TABLE 2 Numbers and percentages of children with normal, borderline, and abnormal
results of assessments included in the study

Examination Group 1 Group 2 Group 3
BMI 191 (71.3) 44 (16.4) 33(12.3)
Blood pressure 240 (89.5) 19(7.1) 9(3.4)
Echocardiography and ECG 116 (87.2) 4 (3) 13(9.8)
Dental check-up 85 (32) 50(18.8) 131 (49.2)
Lipid profile 97 (40.2) 93 (38.6) 51(21.2)
TSH 197 (90) NA 22 (10)
Glucose (after the second step) 107 (99.1) NA 1(0.9)
UACR 176 (90.7) NA 18(9.3)
Orthopedic assessment 43 (43.4) 30(30.3) 26 (26.3)
Psychological and psychiatric 186 (70.2) 68 (25.7) 11 (4.1)

assessment (after the second

stage)°

Data are presented as number (percentage).

a Including overweight, 38 (14.2) and underweight, 6 (2.2)

b Including obesity 26 (9.7) and malnutrition 7 (2.6)

¢ A total of 73 children (out of 79 qualified) attended the second step of psychological

and psychiatric examinations

Abbreviations: BMI, body mass index; ECG, electrocardiography; others, see TABLE 1

glucose readings, because the parents reported in
an interview that the child had diabetes (TABLE 2).

In addition, 71.7% of adolescents showed at
least 1 borderline test result (group 2), and 75.7%
of participants had at least 1 abnormal test result
(group 3). Throughout the study, 315 incorrect
test results were found, of which 14 (4.4%) were
reported in interviews with parents.

This paper does not present the results of the
biochemical tests for which the percentage of ad-
olescents with abnormal values did not exceed
1%. This includes: serum C-reactive protein, po-
tassium and sodium levels, peripheral blood cell
count, urinalysis, and urinary potassium and so-
dium levels.

A total of 257 adolescents (91.1%) were includ-
ed in a comprehensive health status analysis in
which at least 5 groups of assessments were per-
formed (FiGuRE 1). Only 5.1% of children obtained
a score of 100 points, which means that the re-
sults were within the age-specific norm. The re-
maining 94.9% of participants received less than
100 points. After eliminating the medical exami-
nation in which the largest group of respondents
was assigned to groups 2 or 3 (dental check-up,
68% of teenagers), we observed that 12.2% of
teenagers had all test results within the age-spe-
cific norm.

Discussion The results obtained in this study in-
dicate a high prevalence of various health disor-
ders and support the need to develop and imple-
ment an effective comprehensive screening model
for adolescents. This will enable detection of disor-
ders and early stages of diseases, and subsequent-
ly the implementation of appropriate education,

prevention, diagnosis, and therapy. Such activities
could lower the incidence of many future diseases.
Almost 24% of adolescents examined in our
study were found to be overweight or obese. The
problem of overweight and obesity in adolescents
has become one of the main challenges for public
health all over the world and is considered one of
the most worrying health phenomena. In many
countries, the incidence of obesity is an epidem-
ic, also in adolescents and adolescents.'® In 2013,
overweight and obesity affected 14.2% of children
aged 5 to 17.9 years worldwide and it is expect-
ed that this proportion will increase to 15.8% in
2025." Importantly, global data are averaged and
the scale of the problem differs significantly be-
tween countries—the percentages of overweight
or obese children aged 5 to 17.9 years in Kiriba-
ti, Samoa, Micronesia, and Tonga in 2013 were
as high as 56.9%, 46.1%, 45.6%, and 43.6%, re-
spectively.'” According to data from the Nation-
al Health and Nutrition Examination Survey per-
formed in 2011 to 2012, overweight in the Unit-
ed States affects 34.2% of girls and 35.3% of boys
aged 12 to 19 years, and obesity 30.6% of teenag-
ers.'” An international report from the 2013 and
2014 survey in 15-year-old adolescents showed
the highest prevalence of overweight and obe-
sity in teenagers in Malta (26% of girls, 34% of
boys), Greenland (29% of girls, 28% of boys), and
Canada (21% of girls, 34% of boys). On the other
hand, the lowest rates of overweight and obesity
among teenagers were observed in Albania (5%
of girls, 15% of boys), Armenia (6% of girls, 15%
of boys), and Ukraine (6% of girls, 15% of boys).
In this study, overweight and obesity concerned
7% of Polish girls and 22% of Polish boys, which
was lower than the global average (13% for girls
and 22% for boys).'® From the latest report from
the HBSC study edited by Mazur and Matkowska-
Szkutnik,'” the problem of obesity and overweight
concerns 8% of girls and 23.1% of boys. These
data indicate a growing problem of overweight
and obesity for Polish youth in this age group. It
should be emphasized, however, that the refer-
ence values in the studies presented in the dis-
cussion were different than those in the current
study. This comparison can be used for the pre-
liminary estimation of the prevalence of obe-
sity and overweight of Sopot youth in relation
to the presented data. In our study, 24% of ad-
olescents were found to be overweight or obese,
which is a disturbing result and clearly indicates
the need for anthropometric assessments in pre-
vention programs. It was also shown that obesi-
ty in childhood not only increases the likelihood
of obesity in adulthood, but that it is also close-
ly related to the risk of developing cardiovascu-
lar diseases and diabetes.'®'® Moreover, Kasley
et al?’ showed that in people who were obese in
childhood, health consequences may still be pres-
ent despite the normalization of body weight.
In the present study, elevated BP values were
found in every 10th teenager. Hypertension
in children and adolescents is one of the most

SPECIAL REPORT Disease prevention in the population of adolescents 361



FIGURE 1
Comprehensive analysis
of the health status of
adolescents showing
percentage of children in
the particular score range
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important health issues. It is an asymptomatic
disease that, if untreated, leads to serious com-
plications. Uncontrolled hypertension has serious
direct and distant consequences, such as heart dis-
ease, stroke, atherosclerotic lesions, kidney dis-
ease, and blurred vision. In addition, the results
of the NATPOL (Arterial hypertension and other
CVD risk factors in Poland; Polish, Nadci$nienie
tetnicze oraz inne czynniki ryzyka choréb serca
inaczyn w Polsce) 2011 study clearly showed that
the knowledge of Poles (aged 18-79 years) relat-
ed to the criteria and complications of hyperten-
sion is insufficient.?' According to the experts of
the European Society of Hypertension, measure-
ment of BP should be part of a routine medical ex-
amination in children aged 3 years and older and
in selected risk groups of children under 3.72 Ac-
cording to different authors, in the whole group
of children and adolescents up to 18 years of age,
the prevalence of hypertension is 2% to 5%, while
in the group of teenagers it is higher and reaches
9% to 12%.%3-26 The results of our study confirm
the high incidence of elevated BP values, which
is why it is important to emphasize the signifi-
cance of BP measurements during each visit to
a healthcare provider, also as part of a panel of
prophylactic tests, and further diagnostics to de-
tect secondary causes of hypertension.
Echocardiography and ECG assessment re-
vealed cardiac abnormalities in over 13% of teen-
agers included in our study. Echocardiography is
the basic diagnostic technique in cardiology char-
acterized by high sensitivity; however, it is rare-
ly used as a screening test due to high costs and
the limited availability of equipment and quali-
fied echocardiographers. It has been shown that
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this diagnostic method allows detection of ab-
normalities at every stage of a child’s life.?”? The
highest detectability of congenital defects is ob-
served early in life. Severe defects are diagnosed
and treated early. The detection rate of cardiac
defects decreases with age. Some heart defects
undergo spontaneous involution over time (eg,
PFO, patent ductus arteriosus, muscular ventric-
ular septal defect). However, some of the oligo-
symptomatic defects may be diagnosed by echo-
cardiography in older children and even in adults
(eg, atrial septal defect, moderate mitral regurgi-
tation). Due to the increase in the number of chil-
dren and adolescents engaged in intense sport ac-
tivities, screening for cardiovascular diseases is
important to detect abnormalities that are con-
traindications to sports or increase the risk of
sudden death in athletes.?®

In the present study, 3% of participants had
mild abnormalities (group 2) which might worsen
over time. Four adolescents were diagnosed with
main pulmonary artery dilatation, bicuspid aor-
tic valve (which predisposes to aortic valve ste-
nosis or regurgitation), greater than physiologi-
cal tricuspid regurgitation, and PFO (Supplemen-
tary material, Table SI).

Thirteen adolescents (9.7%) classified as group
3 were diagnosed with a total of 14 abnormal-
ities (Supplementary material, Table S2). The
most frequently reported pathological findings
were moderate valve regurgitations, namely, mi-
tral regurgitation (MI) in 8 patients and aortic
valve insufficiency in 4 patients. In population-
based studies, mitral valve regurgitation occurs
in 1% to 2.5% of patients.?®-3? Valvular insuffi-
ciency cases detected in our study were of low



grade and without hemodynamic significance.
However, this defect can worsen with time. One
child was diagnosed with ostium secundum atri-
al septal defect. This heart defect is oligosymp-
tomatic and often without any abnormal find-
ings in physical examination, and therefore re-
mains undiagnosed or is diagnosed late. Screen-
ing tests allow its early detection and treatment.
In one child, cardiac arrhythmia was detected
thanks to simultaneous ECG recording. Further
12-lead ECG revealed supraventricular extrasys-
toles. The child was recommended further diag-
nostics and follow-up.

Screening echocardiography with ECG, al-
though expensive and difficult to implement, is
important for improving the health of children
and adolescents and allow the detection, monitor-
ing and, in selected cases, treatment of risk fac-
tors for cardiovascular diseases at an early stage
of the child’s development. Therefore, if there
are organizational and financial possibilities, it
is beneficial to include echocardiography in the
panel of screening tests for children and adoles-
cents. Echocardiography should be preceded by
ECG, or ECG can be performed simultaneously
with echocardiography, to detect arrhythmias.

The dental assessment showed a high preva-
lence of caries (groups 2 and 3) (DMF >0) in teen-
agers in Sopot (68%). Tooth decay (dental caries)
is a common disease. It is, next to periodontal dis-
ease, the main cause of the loss of teeth. The con-
sequences of this process are serious disorders of
the stomatognathic system that have a key im-
pact on overall health.’ Data on the frequency of
caries among 15-year-old adolescents in Poland
from the research program implemented by the
Ministry of Health, Monitoring of Oral Health in
the Polish Population 2016-2020, indicate its very
high prevalence that amounts to 94.9% in Mazow-
ieckie Province, 94.5% in Dolnos$laskie Province,
and 92.5% in Lubelskie Province.*'

According to a report by Mielnik-Blaszczak et
al,*? the prevalence of tooth decay among 15-year-
old adolescents in the Podkarpackie Province is
equally high and amounts to 96.67% for Nis-
ko and 100% for Rzeszéw. A study carried out
in 2013 by the Health and Social Care Informa-
tion Centre (NHS Digital) among 15-year-old stu-
dents showed that percentages of adolescents
with obvious decay experience were 44% in Eng-
land and 63% in Wales.** The frequency of caries
in our study was 68%, which is a good result com-
pared with data from the general Polish popula-
tion. However, it should be emphasized that for
many years, Sopot adolescents have been provid-
ed with dental care and dental offices are locat-
ed in schools. Therefore, it seems that the lower
prevalence of caries in children from Sopot com-
pared with other cities in Poland may be caused
by preventive and therapeutic activities by den-
tal offices at schools. The epidemiological situa-
tion clearly indicates the need to introduce den-
tal assessment into the basic panel of screening
examinations.

Lipid metabolism disorders were found in al-
most 60% of the examined teenagers. Lipid dis-
orders are often asymptomatic and may remain
undiagnosed for decades, but they are one of the
main risk factors for the occurrence of serious
diseases such as heart attack, stroke, and kidney
disease.**% In many epidemiological studies, it
was shown that the elevated cholesterol level in
childhood also persists into adulthood and is as-
sociated with an increased risk of cardiovascular
disease.*5*" It has been shown that during puber-
ty, LDL-C levels decrease by 15% on average and
false-negative results may be obtained when di-
agnosing lipid disorders;*¢:* therefore, the age of
9 to 11 years represents the best period for lipid
metabolism assessment.’’*' Our study, despite
the pubertal age of the participants, showed large
deviations from the age-specific norm, which is
why it all the more indicates a major health prob-
lem among adolescents. These data clearly dem-
onstrate that atherosclerosis prevention in both
high-risk and population-based strategies should
be started in childhood, ideally in accordance with
the guidelines of the National Lipid Association
Expert Panel on Familiar Hypercholesterolemia
that recommend lipid profile assessment in all
children aged 9 to 11 years.***! It seems that in
children of this age, lipid levels should be mea-
sured as part of the screening program. The inter-
pretation of test results in teenagers is difficult
because there are no standards for Polish children
and adolescents. The reference values adopted in
our study are those recommended by the Nation-
al Education Cholesterol Program, which are very
general, gender independent, and same for chil-
dren and adolescents. Zdrojewski et al*? showed
that a significant percentage of young adult Poles
aged 18 to 39 years have abnormal values of TC,
LDL-C, and TG (54.3%, 42.7%, 16.4%, respective-
ly). In addition, Niklas et al** showed a high prev-
alence of hypercholesterolemia and hypertension
among young adults in the Polish population (age
group 19-49 years, 15%). The high prevalence of
lipid disorders in our study and the alarming ep-
idemiological data for young adults indicate that
lipid metabolism disorders are a serious health
problem in Poland. It seems necessary to imple-
ment lipid profile assessment into the panel of
screening test and develop reference values for
Polish children and adolescents.

Abnormal TSH values were found in 10% of ad-
olescents evaluated in our study. Analysis of TSH
levels is challenging because there are no refer-
ence values developed specifically for Polish ad-
olescents. What is more, there are no general-
ly accepted reference values for children and ad-
olescents in the world. In our analysis, we used
reference values according to Kapelari et al'’ in
the form of centile charts. The magnitude of the
problem showed by our study and the current
state of knowledge on TSH clearly indicates that
a TSH test should be implemented in screening
programs. At the same time, it is necessary to
develop reference values for Polish adolescents.
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Two-step screening blood glucose assessment
revealed no patient with elevated glycemic val-
ues. One child was qualified to group 3 for blood
glucose levels (TABLE 2) because the interview with
parents revealed that their child was diagnosed
with diabetes at the age of 10 years. It should be
emphasized that in fasting blood glucose test-
ing, it is crucial to verify this parameter in peo-
ple whose results after the first determination
are above the reference values. In our study, 2.7%
of adolescents have elevated fasting blood glu-
cose in the first step of blood glucose assessment;
however, after repeating the instructions regard-
ing proper preparation for the test, the measure-
ments in this group of adolescents were normal.
It should also be remembered that the most com-
mon form of diabetes in juvenile Caucasian pa-
tients is type 1 diabetes, which is characterized by
numerous and very dynamic clinical symptoms.
These arguments raise the question about the
need for blood glucose measurement in screen-
ing panel for adolescents. Szczerbinski et al** sug-
gested that physical activity may serve as a pro-
tective factor against type 2 diabetes, therefore
it is worth implementing such prevention meth-
ods in adolescents.

In the present study, almost 10% of adoles-
cents had elevated UACR. Albuminuria is a rec-
ognized indicator of not only kidney damage but
also vascular endothelium dysfunction in patients
with hypertension, diabetes and / or cardiovascu-
lar diseases.”*-*” Albuminuria was used for early
detection of chronic kidney disease in an adult
population and was found to occur at a surpris-
ingly high rate. In the PolNef (Program for Early
Detection of Chronic Kidney Disease in Poland)
study, albuminuria was detected in 11.9% of the
study population.*® Our previous study in the ad-
olescent population showed that more than 11%
had elevated UACR.* In the present study, 9.3%
of adolescents had UACR higher than 30 mg/g.
This confirms the surprisingly high incidence of
albuminuria at such a young age. However, the
lack of albuminuria cannot be the basis to ex-
clude nephropathy. Adolescents with albumin-
uria should be followed-up to monitor kidney
function. The high prevalence of elevated UACR
indicates the need to include this parameter into
the screening panel.

Results of the orthopedic assessment showed
that 30% of adolescents require prophylaxis to
prevent postural defects, and 26% require fur-
ther diagnostics and potential treatment. A
child’s poor posture, and especially planoval-
gus foot, is one of the frequent reasons for the
parents’ anxiety and, consequently, visits to pe-
diatricians and orthopedists. Until today, no uni-
form management standard has been adopted
and this applies to diagnostic methods, classi-
fication, prevention and treatment. Only phys-
ical examination can be used for screening pur-
poses. Footprint analysis is also not entirely re-
liable, depending on the technique used, while
at the same time, this examination significantly
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extends the time and increases the cost of the
entire orthopedic assessment.5’

Currently, the vast majority of researchers fo-
cus on the functional aspect, that is, the dynam-
ics of the lower limb as the main factor responsi-
ble for potential pathology.®' Hence, in our study,
particular emphasis was put on assessing the dy-
namics of the musculoskeletal system. This ap-
proach was aimed at distinguishing a symptom-
atic planovalgus foot (uncorrectable, painful, or
conflicting with footwear) as the only pathology
requiring intervention, leading to the develop-
ment of biomechanical disorders of the muscu-
loskeletal system, especially the lower limb and
the spine.”'-*% There is a significant discrepancy
in the literature regarding the prevalence of flat
feet in adolescents aged 14 years. In studies con-
ducted in Africa and the Middle East, the prev-
alence rate was 12% to 13%, while in European
studies, it was 46% to 50%.5%-5% At the same time,
in all studies, the rates of symptomatic flat foot (if
such a category was created) did not exceed sev-
eral percent.’"%? This discrepancy may indicate
both the lack of objective research methods and
differences between study populations in terms
of race, weight, or lifestyle.

Considering the fact that the vast majority of
research centers around the world report the self-
improvement of the valgus deformity of feet up
to the age of 10 years, it seems reasonable to car-
ry out such screening tests in younger children,
between 10 and 12 years of age.

The psychological and psychiatric assessment
revealed depressive symptoms in 25.6% of exam-
ined population, and 4.1% of adolescents were di-
agnosed with clinical depression. Depression is
one of the most serious health and social prob-
lems in the world. It is a quite rare disorder in pre-
pubertal children, but with the onset of adoles-
cence its frequency remarkably increases and re-
mains at a high level afterwards. The prevalence
of clinical depression in young children is 1% to
2% and in the first phase of adolescence it increas-
es and reaches 3% to 8%, whereas the prevalence
in the whole period from childhood to the end of
adolescence is 20%.°*% In a recent study in a co-
hort of Polish 15-year-old teenagers, depressive
symptoms occurred in 27.4% of girls and 19.2% of
boys.” A similar, although slightly higher, result
was obtained in the SOPKARD-Junior study—the
prevalence of depressive symptoms in students
of junior high schools in Sopot was 29.7%. In the
SOPKARD-Junior program, apart from the assess-
ment of the severity of depressive symptoms, psy-
chiatric verification of the diagnosis was carried
out based on medical criteria. The prevalence of
depression among teenagers from Sopot (4.1%)
does not differ significantly from the prevalence
of this disorder in other parts of the world, al-
though the rates of depression in American teen-
agers are even higher.®% A striking result of the
SOPKARD-Junior program is the high percentage
of adolescents at risk (risk group), that is, every
third teenager had depressive symptoms. These



adolescents may develop clinical disorders in the
future that would require treatment; therefore,
early education and prevention addressed to this
group of young people would be of particular im-
portance. One in twenty 14-year-old children had
clinical depression, which suggests that in every
class at junior high schools there may be a child
with depression who requires specialist treatment
and help. This health situation clearly indicates
the need to introduce a 2-step psychological-psy-
chiatric examination, that is, questionnaire sur-
veys to identify a group of adolescents with de-
pressive symptoms (the first step) and visits of
this group of adolescents at a child psychiatrist
in order to verify and possibly confirm the diag-
nosis of depression (the second step).

The additional goal of the study was to propose
a panel of screening assessments based on the epi-
demiological situation of adolescent health in a se-
lected urban population, which should be includ-
ed in the prevention program. Obviously, deter-
mining the actual state of health through medi-
cal diagnosis is crucial to establishing an appro-
priate preventive approach, but it cannot be the
only factor that influences the selection of tests
to be performed as part of screening programs.
The cost-effectiveness ratio as well as the avail-
ability of qualified staff, medical equipment, and
space are also important. In this study, a compre-
hensive health analysis based on a holistic assess-
ment of teenagers’ health using a burden analy-
sis showed that only 5.1% of participants scored
100 points. This means that in this group of teen-
agers, all medical examination results were with-
in the age-specific norm. The lower the score ob-
tained in the analysis, the poorer the health sta-
tus. Adolescents with lower score require more
intensive preventive and therapeutic activities
(FIGURE 1). A score of less than 100 points was ob-
tained by as many as 94.9% of adolescents. This
means that in this group of adolescents there are
at least borderline or abnormal results. This group
of almost 95% of adolescents requires education,
prevention and treatment, as the progression of
the detected disease and/ or risk factors is associ-
ated with negative, often irreversible health con-
sequences. As many as 71.7% of respondents were
classified at least once into a group with a border-
line result (group 2). This means that these ado-
lescents should be provided with regular diagnos-
tic workup and education. The fact that 75.7% of
patients were diagnosed with a disease / abnormal
result (group 3) is worrying. Out of 315 diagnosed
disease/abnormal result entities, only 14 (4.4%)
were reported by parents in interviews, which
means that parents’ awareness of the health sta-
tus of their adolescents is very poor.

This disturbing health situation of adolescents
clearly indicates very high needs in the area of
education, prevention, and treatment in this
population. The prevalence of borderline results
and diseases/abnormal result found in the an-
thropometric, BP, echocardiographic, ECG, den-
tal, orthopedic, psychological-psychiatric, lipid

profile, TSH, and UACR assessments indicates
that all these tests should be included in preven-
tion programs dedicated to adolescents. The im-
plementation of prevention of many disorders
and diseases in adolescents is too late. It seems
reasonable that this screening panel should be
implemented in younger children in order to re-
duce the prevalence of risk factors and diseas-
es in adolescence.

In order to plan interventions and issue rec-
ommendations on the range of screening tests
included in the model preventive program for
all Polish adolescents, it is necessary to perform
a full range of assessments carried out in the SOP-
KARD-Junior Program in various regions of Po-
land. Our study certainly indicates that the needs
are large, and extensive educational, preventive,
and therapeutic activities should be implemented
for this part of the population throughout Poland.
Conclusions A large number of adolescents di-
agnosed with borderline value, or abnormal re-
sult/ disease and comprehensive health analysis
clearly indicates high needs in the area of preven-
tion and treatment in adolescents. Therefore, it
is necessary to develop a model of comprehen-
sive screening assessment. Moreover, our study
indicates that anthropometric (BMI), arterial
BP, echocardiographic, ECG, dental, orthopedic,
psychological-psychiatric, lipid profile, TSH, and
UACR assessments should be included in the stan-
dard screening panel for adolescents. The large
number of adolescents with lipid metabolism dis-
orders (according to the American reference val-
ues) and abnormal TSH levels (according to the
Austrian reference range) indicates that there is
a need to develop reference values of these pa-
rameters for Polish adolescents and objectively
verify these disorders.
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