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Abstract: In adolescents, arterial hypertension (AH) is diagnosed much more frequently than previously
thought — it affects 3.2% of the population aged 11-18. In Poland, at present, there are no cost analyses of treat-
ment arterial hypertension among adolescents. The aim of the conducted studies was to analyze direct medical
and non-medical costs in the time horizon of one calendar year (2010) of AH treatment in adolescents in Poland.
A retrospective study from the societal perspective was based on data from 480 patients medical history cards
obtained from the archives of the hospital. From this group, according to the criteria for inclusion in the study,
a research group was selected consisting of 36 patients aged 16—18 years, with a diagnosed and treated hyper-
tension. Analysis covered direct medical costs (costs of pharmacotherapy, doctors’ visits and laboratory tests,
hospitalization) and direct non-medical costs (cost of transport to the outpatient clinic). Average annual cost of
hypertension treatment per patient was 89.96 €. The largest part of the structure of total costs related with hyper-
tension treatment in adolescents in Poland were the costs of medical consultation with lab tests and diagnostic
examinations — 35.04% and pharmacotherapy costs — 32.95%, with hospital stays rating somewhat lower with
19.12%, and the smallest part were the costs of the patient’s transportation to the hypertension outpatient clin-
ic — 12.89%. Early identification of risk factors of such cardiovascular diseases as hypertension as early as in
the developmental age, and their subsequent elimination, should be considered a good investment in the reduc-
tion of costs associated with hypertension treatment in adulthood.
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Arterial hypertension is the most important and
the most dangerous risk factor of cardiovascular
incidents. It is estimated that incidence of AH in
children and teenagers in the total population is
around 1-3%. In children aged below 10 it is usual-
ly secondary. Incidence of primary hypertension
increases with age and has become the main cause
of arterial hypertension in teenagers. In adolescents,
AH is diagnosed much more frequently than previ-
ously thought — it affects 3.2% of the population
aged 11-18 (1).

The main reasons for increased incidence of
AH in adolescents include the changes in the diet
(increased consumption of high-calorie foods) and
life style (little exercise) taking place over the last
few decades. These changes have led to a global
obesity epidemics in the younger generation (2).
Apart from obesity, the main factors predisposing to
development of AH in adolescents include: exces-

sive consumption of salt and comorbid fat and car-
bohydrate metabolism disorders (3).

AH is not only a major health problem but also
a major economic issue both for the health care sys-
tem and the society as a whole (4, 5). In Poland, at
present, there are no cost analyses of undetected,
untreated or ineffectively treated hypertension. Due
to the major increase in AH incidence in adoles-
cents, there are also no cost analyses of its treatment
(6). Only estimation of costs associated with pre-
vention and treatment of AH and its complications
throughout the population gives a full representation
of the economic burden of AH in Poland.

Analysis of the costs of the disease by estimat-
ing the economic burden and establishing the rela-
tionship between the individual costs of this disease
is an integral part of reasonable functioning of the
health care system. Analysis of disease costs allows
indication of potential sources of savings in treat-
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ment expenditures. It is an argument in making
decisions on implementation of preventive and ther-
apeutic programmes and a reference point to esti-
mate the benefits of the treatment applied (7).

The aim of this studies was to analyze direct
medical and non-medical costs of AH treatment in
adolescents in Poland.

EXPERIMENTAL

The study was conducted at the Chair and
Clinic of Internal Diseases, Metabolic Disorders and
Hypertension in Poznan. The study was approved by
the bioethics committee.

Study group

A retrospective study from the societal per-
spective was based on data from 480 patients med-
ical history cards obtained from the archives of the
hospital. From this group, taking in account the
described below criteria for inclusion in the study,

there was selected research group consisting of 36

patients (11 women and 25 men) aged 16-18 years,

with a diagnosed and treated primary hypertension

(according to the International Statistical

Classification of Diseases and Related Health

Problems — ICD-10).

Inclusion criteria in the study were:

e age of 16-18;

e primary hypertension diagnosed (code I10
according to ICD-10) and treated at the selected
outpatient clinic;

e continuation of hypertension treatment in the ana-
lyzed time horizon (provided at least two medical
Visits).

Research time horizon

Analysis covered treatment costs of patients
who continued their treatment for a year at the
selected health care facility. Time horizon adopted
in the study was one calendar year (1. 01. 2010 to
31. 12. 2010).

Analytical technique

The study was based on data from the patients’
medical records, doctors’ request cards and data from
the hospital organization and settlement department.

Analysis covered direct medical costs (costs of
pharmacotherapy, doctors’ visits and laboratory
tests, hospitalization) and direct non-medical costs
(cost of transport to the outpatient clinic). Estimated
costs presented in euro, according to the table of
average rates of the National Bank of Poland (num-
ber 012/A/ of 17. 01. 2013, 1 € = 4.1178 PLN).

Pharmacotherapy costs were calculated in rela-
tion to patients whose drug therapies were imple-
mented, on the basis of wholesale drug prices set for
quarters 1 to 4 in the study calendar year. Total costs
of pharmacotherapy, other than expenses for antihy-
pertensive drugs, in line with the guidelines of the
Polish Hypertension Association (8) covered also
expenses for hypolipidemic drugs, anti-platelet
agents and potassium-containing preparations.

Costs of doctors’ visits, lab tests and hospital
stays were based on prices for medical services set
by the National Health Fund (NFZ) in a contract
with the selected health care facility. In the case of
contracts with the NFZ, the costs of lab and diag-
nostic tests were included in the cost of medical con-
sultation. In 2010, in the selected health care facili-
ty, the cost of medical consultation with the ordered
lab/diagnostic tests based on a contract with the
National Health Fund was valued at 9.96 €. The
value of hospital stays based on the system of homo-
geneous patient groups on the basis of a contract
with the National Health Fund amounted to 123.86
€ per patient. The above-mentioned values were
constant regardless of the number of tests ordered.
The costs of hospital stays were calculated in rela-
tion to patients who required hospitalization for
diagnosis and treatment of hypertension.

Costs of the patient’s transport to the outpatient
clinic were evaluated on the basis of single fare
price list for the given calendar year agreed by the
City Transportation Board in Poznan (MPK) and
single fare price list agreed by Poznar bus company
— PKS Poznan.

In the study group, none of the patients was
occupationally active because of their age, and thus
they did not generate any indirect costs related to
productivity lost due to AH.

Analysis of costs of hypertension treatment did
not take into account the cost of non-pharmaco-
logical treatment as it is not possible to estimate
them reliably.

RESULTS

Study characteristics

Baseline characteristics of the participants are
given in Table 1. The study group comprised 36
patients (11 women and 25 men) aged 17.2 = 0.8
years. All patients included in the study were still
studying (were not occupationally active) and thus
did not generate any indirect costs related to pro-
ductivity lost due to AH. Average duration of AH
was 1.7 £ 0.7 years. Average value of systolic blood
pressure for total study population over the analyzed
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time horizon was 138 + 11 mmHg and diastolic
blood pressure — 81 + 10 mmHg.

Analysis of antihypertensive therapy

In the analyzed study group, antihypertensive
therapy was chosen by the managing physician. Of
the entire study group, 44.4% of the subjects were
treated solely non-pharmacologically.
Pharmacological treatment was implemented for
55.6% of the subjects, of which 60% had monother-
apy and for 40% combined therapy was applied.
Supplementary therapy, consisting in the use of
drugs containing potassium to maintain correct elec-
trolyte balance, was implemented only for one per-
son receiving combined therapy (2.7% of all sub-
jects). In this case, the total cost of supplementary
therapy was 21.3 €/year.

In the group treated pharmacologically, the
most commonly used antihypertensive drugs were:
-adrenolytics (45% of subjects), angiotensin con-
vertase inhibitors (35% of subjects), calcium antag-
onists (35% of subjects), AT, receptor antagonists
(10% of subjects), diuretics (10% of subjects) and
a-adrenolytics (5% of subjects).

Cost analysis

Total cost of AH pharmacotherapy for adoles-
cents over the study time horizon amounted in total
to 1067.09 €. Average annual cost of AH pharma-
cotherapy per patient was 53.35 €.

The largest part of the structure of total costs
related with AH pharmacotherapy were the costs of
antihypertensive drugs — 98% (1045.82 €, 52.28
€/patient per year). Potassium-containing agents
accounted 2% (21.27 €, 1.07 €/patient per year) of
total cost related with AH pharmacotherapy.

Among the costs associated with the use of anti-
hypertensive drugs, the largest part of the total costs
structure were the costs of use of the following group
of antihypertensive drugs: Angiotensin II receptor
antagonists — 24% (254.04 €, 127.03 € per patient),
B-blockers — 21% (216.67 €, 24.06 € per patient),
calcium channel blockers — 21% (221.93 €, 31.69 €
per patient) and angiotensin-converting enzyme —
17% (182.18 €, 26.03 € per patient), combined drugs
(combination of two different active substances in
one tablet) — 12% (119.84 €, 119.84 € per patient),
diuretics — 4% (45.02 €, 22.5 € per patient) and o-
blockers — 1% (6.12 €, 6.12 € per patient).

Table 1. General characteristics of adolescents with hypertension (n = 36).

Total 36
Numbers Women (%) 11 (30.5%)
Men (%) 25 (69.4%)
General (M' £ SD?) 172+ 0.8
Age Women (M £ SD) 174 £0.8
Men (M £ SD) 17.1£0.8
Education Primary (%) 36 (100%)
Source of income Supported by parents (%) 36 (100%)

Poznan City (%)

15 (41.6%)

Towns up to 50 km

pressure (< 95 percentile) (%)

Place of residence away from Poznan 12 (33.3%)
(%)
Towns away from
the city of Poznan 9 (25.1%)
over 50 km (%)
Duration
of hypertension (years) (M+SD) 17£0.7
Systolic blood + +
pressure (mmHg) (M+SD) 138 £11
Diastolic blood
+ +
pressure (mmHg) M+ SD) 81£10
Controlled blood 16 (44%)

'M = Average, > SD = Standard deviation
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Over the study time horizon in the entire study
group with diagnosed AH treated at a selected out-
patient clinic, 114 medical consultations have taken
place, on average 3.2 £+ 0.7 visits/patient.

Tables 2 and 3 show laboratory and diagnostic
tests ordered in hypertension treatment in adoles-
cents. During medical consultations, 16 types of lab-
oratory tests were ordered, of which the largest part
were measurements of the levels of: fraction of total
cholesterol (69% of patients), LDL (69% of
patients), HDL (69% of patients), triglycerides (69%
of patients), creatinine (50% of patients) and thy-
roid-stimulating hormone (44% of patients).
Furthermore, 3 types of diagnostic tests were
ordered, including Holter pressure (22% of
patients), Holter electrocardiogram (5% of patients),
electrocardiogram (3% of patients). In the study

horizon, none of the patients had laboratory or diag-
nostic tests ordered more than once.

Total costs of doctor’s
laboratory/diagnostic tests were estimated at 1135.4
€. Average total cost of medical consultations and
test per 1 patient was: 31.5 €.

Of the entire study group, 5 patients required
hospital treatment to diagnose secondary forms of
AH. Average hospital stay time for these 5 patients
was 3.4 = 0.5 days. Total cost of hospital stays
amounted to 619.3 € and average cost of hospital
stay per patient was 123.86 €.

Direct non-medical costs comprising the cost
of travel to the outpatient clinic from the city of
Poznan and beyond its limits amounted in total to
417.35 €, with 11.58 € per patient per year.

visits  and

Table 2. Laboratory tests ordered in hypertension treatment in adolescents (n = 36).

Type of tests wih ests ordered n 4]
Morphology 22
Biernacki reaction 14
C-reactive protein 14
Urinalysis 11
Uric acid 19
Urea 19
Electrolytes 25
Creatinine 50
Total cholesterol 69
Low density lipoproteins 69
High density lipoproteins 69
Triglycerides 69
Fasting glucose 25
Glutamic oxoloacetic transaminase 36
Glutamic pyruvic transferase 36
Thyroid-stimulating hormone 44

Table 3. Diagnostic tests ordered in hypertension treatment in adolescents (n = 36).

Type of tests

Percentage of patients
with tests ordered n [%]

Electrocardiogram 3
Holter pressure 22
Holter electrocardiogram 5
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Table 4. Summary of the total cost of hypertension treatment of among adolescents (n = 36).

Type of costs Total costs Average cost per patient £ SD*
[€]
Direct medical costs
Pharmacotherapy 1067.09 53.35+3543
Medical consultation with
laboratory/diagnostic tests 1135.2 31.5+8.71
Hospital stays 619.3 123.86 £ 0
Indirect medical costs
Patient’s transportation to
the health care facility 417.35 11.58 £9.25
Total 3238.94 89.96 + 60.13

*- Standard deviation

33% M Pharmacotherapy

35% M Medical consultation with
tests

19% ™ Hospital stays

13% M Patient's transportation to
the health care facility

Figure 1. Structure of total costs of hypertension treatment in adolescents

Total cost of AH treatment in the adolescent
group of 36 over the study time horizon amounted in
total to 3238.9 €. Average total cost of hypertension
treatment per patient was 89.96 € (Table 4).

According to the aim of conducted studies,
structure of total costs of AH treatment in adoles-
cents in Poland has been analyzed. The largest part
of the structure of total costs of AH treatment in
adolescents in Poland were the costs of medical con-
sultation with tests — 35.04% and pharmacotherapy
costs — 32.95%, with hospital stays rating somewhat
lower with 19.12%, and the smallest part were the
costs of the patient’s transportation to the health care
facility — 12.89% (Fig. 1).

DISCUSSION AND CONCLUSION

Early prevention aimed at improved detectabil-
ity of AH by conducting screening measurements of
blood pressure and preventing development of the
disease by elimination of environmental factors pre-
disposing to development of AH are an important
aspect in the context of issues associated with AH in

children and adolescents (9). In the United States, it
was estimated that the cost associated with screen-
ing assays for increase blood pressure values in ado-
lescents aged 12-19 as a part of a two-year pro-
gramme (in the years 2001-2003) of AH prevention
amounted to 107 $ per one subject. This cost includ-
ed purchase of the necessary medical equipment to
measure blood pressure values and fees for the med-
ical staff involved in the program (10).

The knowledge of the economic burden and
relationship between the individual components of
costs of a disease is an integral part of reasonable
management of limited resources of the health care
system. Analysis of disease costs allows indication
of potential sources of savings in treatment expendi-
tures (11).

Conducted research has shown that the struc-
ture of AH treatment costs in adolescents is domi-
nated by direct medical costs (8§7% of total costs).
Average total cost of AH treatment per patient was
89.96 €.

Considering the fact that no papers on similar
subjects were found in medical databases, these
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results of the evaluation of costs associated with AH
treatment in adolescents are the first such data in
Poland and worldwide and an important point of ref-
erence for further research in this area.

The main reason for the lack of scientific
reports on the analysis of costs of AH in adoles-
cents is the strategy of therapeutic procedure. A
vast majority of adolescents suffer from AH with
the key indirect phenotype being obesity or over-
weight and secondary metabolic disorders, and thus
non-pharmacological treatment is the mainstay of
hypertension treatment (12). Non-pharmacological
treatment, consisting in the change of lifestyle
(increased amount of exercise or appropriate diet) is
extremely difficult to estimate and express in mon-
etary values.

Numerous clinical studies have shown that
non-pharmacological treatment in antihypertensive
therapy yields measurable health and economic
effects. It was found that in children and adolescents
with AH reduction of the amount of visceral fat and
increase of the muscle weight promotes regression
of the organ damage by reducing the left ventricular
mass and the thickness of the carotid intima media
thickness (ITM) (13).

Pharmacological treatment in adolescents with
hypertension should be implemented in the case of
secondary hypertension, grade II AH and/or the
presence of organ damage or if non-pharmacologi-
cal treatment fails to yield any effect over 3-6
months in adolescents with grade I AH with no
organ damage (12).

According to many hypertension specialists, in
view of the problem related with the increased inci-
dence of AH in adolescents, it should be a priority to
implement effective prevention programme in
schools and at primary health care pediatric surger-
ies to detect hypertension, and, if necessary, strive to
normalize blood pressure values to reverse organ
damages and prevent cardiovascular incidents in
adulthood (14). Such a strategy was adopted for the
young population also by the World Health
Organization (15).

It should be clearly emphasised that total costs
associated with AH treatment comprise expenses on
primary prevention, secondary prevention and pre-
vention of complications. Costs incurred at individ-
ual stages depend on measures taken and are inter-
related. Expenditures for effective prevention of
hypertension result in reduced costs of AH treat-
ment, which also minimizes the costs of possible
cardiovascular incidents (16). Early identification of
risk factors of such cardiovascular diseases as AH as
early as in the developmental age, and their subse-

quent elimination, should be considered a good
investment in the reduction of costs associated with
AH treatment in adulthood (14). In the Framingham
Heart Study it was proved that for patients who
underwent a long-term antihypertensive therapy the
risk of death due to cardiovascular incidents was
13% lower than in patients not treated or treated
only occasionally (17).

Results of many pharmacoeconomic analyses
confirm that cost-effectiveness of AH treatment
depends on many factors, such as: age, sex, baseline
blood pressure values and degree of compliance
with doctor’s recommendations (18, 19).

Evaluation of benefits of antihypertensive ther-
apy based on the risk of cardiovascular events shows
that the cost-effectiveness ratio (quality adjusted
cost of one life year —- QALY) of AH decreases with
age as the risk of cardiovascular incidents increases
with age (18).

Nevertheless, evaluation of cost-effectiveness
of antihypertensive therapy in young people based
on the risk of cardiovascular incidents raises many
controversies. Therefore, the experts think that
evaluation of effects of AH treatment in individual
age groups should be based on different criteria. For
young people, outcomes of antihypertensive thera-
py should be defined by evaluating its effect on
indirect indicators of the risk of cardiovascular inci-
dents such as hypotensive effect, organ damage
regression and normalization of metabolic disorders
(1). According to Zanchetti, the cost-effectiveness
ratio, where clinical efficacy evaluation is based on
long-term observation studies, increases with age,
which suggests that early commencement of antihy-
pertensive therapy even brings savings in the longer
term (20).

As shown in the present study, the largest part
of the structure of total costs related with hyperten-
sion treatment in adolescents in Poland were the
costs of medical consultation with tests and pharma-
cotherapy costs. Early identification of risk factors
of such cardiovascular diseases as hypertension as
early as in the developmental age, and their subse-
quent elimination, should be considered a good
investment in the reduction of costs associated with
hypertension treatment in adulthood.

No conflicts of interest were reported.
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