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Summary Background. Despite the sufficient amount of data characterizings quality of life in adult patients with arterial hypertension and high-normal blood pressure, there is little information concerning the pediatric population.
Objectives. The aim of the presented study was to investigate the association between health-related quality of life (HRQoL) parameters and the amount of increasing arterial blood pressure in children with primary arterial hypertension (PH) and high-normal blood
pressure.
Material and methods. We performed a case-control study with an assessment of the impact of BP elevation on HRQoL scores obtained in children 9–17 years old. BP was measured by ambulatory blood pressure monitoring (ABPM). HRQoL was assessed with the
PedsQL survey.
Results. The study included 179 participants. Analysis of the impact of high-normal BP or PH on HRQoL parameters found non-linear
associations between BP and HRQoL. We found decreased quality of life indicators in children with high-normal BP and first stage PH.
The HRQoL parameters of children with stable PH did not differ from those of the control group, with the exception of children with
daytime systolic BP higher than 160 mm Hg, according to the ABPM data.
Conclusions. BP elevation affects quality of life in children with high-normal BP and PH. This relationship is non-linear and consists
of the fact that at the beginning of PH formation (systolic BP less than 130 mm Hg), HRQoL parameters are reduced. As BP becomes
constantly elevated (systolic BP of 130–160 mm Hg), the HRQoL parameters improve. In children with severe grades of BP elevation,
quality of life is low due to adaptation failure.
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Background
The evaluation the health-related quality-of-life (HRQoL)
is an important stage of examination of patients with arterial
hypertension [1–4]. This indicator, which changes during treatment, allows us to evaluate therapeutic effectiveness, which
correlates with a patient’s adherence to therapy, including the
long-term use of antihypertensive drugs [2, 3]. Most studies in
adult patients suggest that effective treatment improves quality of life [5]. There are also reports pointing to the fact that
the need for long-term antihypertensive therapy for most of patients is associated with decreased quality of life. For example,
if the patient was free of symptoms before the onset of therapy
(primarily for young patients), he subjectively reveals a decreasing quality of life in the case of prescription of long-term treatment. Furthermore, the reasons for deterioration of quality of
life during the treatment of arterial hypertension may be associated with the need for a radical change in lifestyle, restriction
for addictions, changes in nutrition and physical activity.
Considering this, a number of large-scale studies have
recently been conducted concentrating on factors affecting

the quality of life in adult patients with arterial hypertension.
Among these factors, gender [2, 6, 7], presence of concomitant
pathology [7, 8], educational level, social and economic status
[9], age of patients and anxiety-depressive disorders are noted
to be significant [8, 10].
At the same time, despite a sufficient amount of data characterizing the quality of life in adult patients with arterial hypertension, there is a lack of such information in the pediatric
population.
An analysis of literature data showed that most studies on
quality of life in children with arterial hypertension were based
on the study of office blood pressure (BP) measurement without taking into account ABPM.
It is also relevant to determine HRQoL in children with normal-high BP, because, according to the latest recommendations,
such children also need to modify their lifestyle, nutrition and
medical follow-up schedule, as well as children with arterial hypertension [11, 12]. It should be noted that although, according
to epidemiological studies, the prevalence of arterial hypertension among children is low (2–4%), the rate of detection of normal-high BP remains quite high (14.8–16.3%) [11, 13]. HRQoL
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Table 1. Sample characteristics (mean (SD))
Data

Groups
1. Control group,
n = 36

2. Patients with high-normal BP, n = 64

3. Stage 1 hypertension,
n = 42

4. Stage 2 hypertension,
n = 37

Age, y

14.0 (3.1)

13.97 (2.44)

14.02 (1.97)

14.73 (2.17)

Male gender, no. (%)

50%

49.3%

52.3%

54.1%

Systolic BP, mm Hg

116.50 (3,64)

122.70 (6.48)***1–2

135.44 (6.33)***1–3; 2–3

145.4 (7.54)***1–4; 2–4; 3–4

Diastolic BP, mm Hg

63.17 (3.92)

65.73 (4.66)**1–2

69.72 (6.48)***1–3; 2–3

73.48 (7.5)***1–4; 2–4; *3–4

Weight, kg

56.74 (14.69)

59.07 (15.24)

65.73 (14.95)**

74.46 (15.44)***1–4; 2–4; *3–4

1–3;

*

2–3

Height, cm

167.32 (14.19)

164.19 (12.87)

167.6 (10.38)

168.14 (13.99)

BMI, kg/m2

19.93 (3.09)

21.63 (3.94)*1–2

23.27 (4.33)***1–3

26.19 (4.83)***1–4; 2–4; 3–4

BMI – body mass index, SD – standard deviation, BP – blood pressure. Significant differences between the groups are indicated by asterisks
(* p < 0.05, ** p < 0.01, *** p < 0.001).

indicators in this category of children could be considered as
a criterion for the effectiveness of the prevention of transformation of high-normal BP to arterial hypertension.

Objectives
The aim of this study was to investigate the association
between health-related quality of life (HRQoL) and the rate of
blood pressure elevation in children with primary arterial hypertension (PH) and high-normal blood pressure.

Material and methods
Study design and settings
This study was a multicenter case-control. The research
was carried out from March 2017 to November 2019 in Kiev
(Ukraine).
The study involved children 9–17 years old with primary arterial hypertension (PH), high-normal BP, without BP elevation (control subjects) and without any history of cardiovascular disease.
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Participants
The study involved 179 patients. The demographic information, including age, gender, body mass index and stage of PH, is
shown in Table 1.
To exclude the influence of age and gender, the examined
groups were composed in such a way that they did not statistically differ by these criteria.
The diagnosis “primary arterial hypertension” (PH) was
established for all children for the first time, and none had received antihypertensive therapy in the past. The study did not
include children with secondary arterial hypertension.

Variables
BP was classified according to the European Society of Hypertension guidelines for the management of high BP in children and adolescents as normotensive (BP < 90th percentile),
high-normal BP (BP ≥ 90th and < 95th percentile) or hypertensive
(BP ≥ 95th percentile) [11, 12].

Data sources
BP was measured both during the visit and by ABPM. ABPM
was conducted every 3 months after the baseline using the
“ABM-04” device (“Meditech” Hungary). BP measurements
were collected every 15 minutes during the day and 30 minutes during the night. The patient and their family kept a diary
recording during the wake-up period and sleeping period and
included recordings about any medications given while moni-

toring [14]. A systolic or diastolic BP load > 80% was defined
as second stage arterial hypertension, a systolic or diastolic BP
load of 51–80% was defined as first stage arterial hypertension,
and a systolic or diastolic BP load of 11–50% was determined as
high-normal BP [11, 15].
We used the Ukrainian version of the pediatric scale for assessing the quality of life (PedsQL) 4.0 [16–18], given the fact
that this test showed good reproducibility, reliability and validity
of the results in previous studies [18–20]. HRQoL was measured
during the baseline visit and follow-up visits at 3-month intervals.
According to the questionnaire, physical (8 points), emotional (5 points), social (5 points) and school functioning of respondents (5 points) were evaluated in a range from 0 to 100
points, with higher scores suggesting a better HRQoL. The Kolmogorov–Smirnov test revealed all the scores of this scale to be
within normal ranges.
Two additional final parameters were calculated: Total Score
and the summary scale of psychosocial health (average score
combining the data of emotional, social and school functioning).

Statistical methods
For statistical analysis, we used IBM SPSS Statistics software
(version 20) as a Microsoft Windows 10 application.
We used t-test of independent samples (Student t-test) for
comparing the average values between patients with elevated
BP and the control group. A p-value less than 0.05 (p < 0.05)
was considered to be statistically significant. We also used correlation analysis with the determination of the correlation ratio
(η) for nonlinear dependencies and the correlation coefficient
(r) for linear dependencies. A correlation coefficient of 0.5 or
above was considered strong, 0.35–0.5 – moderate, 0.2–0.34
– poor, and below 0.2 – absent.

Ethical consideration
The research was carried out in accordance with ethical
principles of scientific research and the declaration of Helsinki and was approved by the ethics committee of the National
Medical University (protocol 22, 3.03.2017).

Results
Data concerning BP and HRQoL was available for 179 subjects. Based on the results of ABPM, 4 comparison groups were
formed (Table 2).
The lowest quality of life indexes (Total Score) were found in
children with high-normal BP (p < 0.01 compared to the control
group) and in those with PH of the first degree (p < 0.05 compared with the control group). The Total Score in children with
second stage PH did not significantly differ from the data of the
control group patients (Table 3).
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Table 2. ABPM results (mean (SD))
Data

Groups
1. Control group
n = 36

2. Patients with high-normal BP
n = 64

3. Stage 1 hypertension
n = 42

4. Stage 2 hypertension
n = 37

Daytime SBP, mm Hg

118.72 (4.22)

124.46 (5.84)***1–2

136.05 (6.11)***1–3; 2–3

148.07 (7.83)***1–4; 2–4; 3–4

Daytime DBP, mm Hg

65.29 (3.86)

68.29 (4.37)***

72.81 (6.0)***

77.8 (8.83)***1–4; 2–4; **3–4

Nighttime SBP, mm Hg

109.64 (6.56)

117.77 (9.79)***1–2

128.27 (11.41)***1–3; 2–3

143.48 (13.38)***1–4; 2–4; 3–4

Nighttime DBP, mm Hg 55.37 (6.18)

61.32 (7.15)***

63.12 (5.35)***

72.06 (11.15)***1–4; 2–4; 3–4

SBP load, %

13.16 (7.29)

29.89 (11.36)***1–2

64.36 (8.93)***1–3; 2–3

DBP load, %

2.59 (4.13)

9.34 (7.81)***

17.35 (14.69)***

SBP dipping, %

7.41 (5.48)

5.33 (6.66)

DBP dipping, %

14.95 (8.8)

10.22 (8.48)*

1–2

1–2

1–2

1–2

1–3; 2–3

1–3

1–3;

**

90.11 (5.25)***1–4; 2–4; 3–4
2–3

31.91 (27.58)***1–4; 2–4; **3–4

5.71 (6.68)

3.09 (7.49)**1–4

12.12 (6.89)

7.67 (8.08)***1–4

SBP – systolic blood pressure, DBP – diastolic blood pressure. Significant differences between the groups are indicated by asterisks (* p < 0.05,
** p < 0.01, *** p < 0.001).

Table 3. HRQoL in children with PH compared with children with high-normal BP and children in the control group (Mean (SD))
Data

Groups
1. Control group
n = 36

2. Patients with high-normal BP
n = 64

3. Stage 1 hypertension
n = 42

4. Stage 2 hypertension
n = 37

Total Score

79.05 (12.25)

71.37 (12.44)**1–2

73.24 (12.45)*1–3

74.98 (12,37)

Psychosocial health

77.73 (9.94)

68.72 (11.71)***1–2

72.82 (11.48)*1–3

72.51 (12.02)*1–4

Physical functioning

82.66 (11.83)

74.02 (15.9)**

74.40 (21.19)*

77.45 (14.79)

Emotional functioning

74.17 (12.39)

62.89 (16.9)***1–2

64.39 (16.81)**1–3

64.14 (14.92)**1–4

Social functioning

86.25 (12.89)

81.95 (13.73)

86.9 (14.27)

85.41 (12.16)

School functioning

72.78 (13.65)

61.33 (15.77)***

67.2 (18.89)

67.97 (17.26)

1–2

1–2

1–3

The lowest indexes from the questionnaire data were indicators of psychosocial health, which were reduced compared with
the control group in all categories of children. Physical health
according to the questionnaire was lower in children with stable first stage PH and high-normal BP compared to the control
group. Although Physical Functioning in patients with second
stage PH tended to decrease, it did not differ significantly from
the same parameter of the control group. Social Functioning in
our study in all groups did not show any large differences.
Correlation analysis showed a poor positive linear correlation between some questionnaire data parameters and level of
nighttime systolic BP (SBP) according to ABPM data (Table 4).
Table 4. Relationship of PedsQL scores with patient characteristics (η /r)
Data
Total
Physical
Psychosocial
Daytime SBP
0.40/NS
0.38/NS
0.35/NS
Daytime DBP 0.28/NS
0.25/NS
0.31/NS
Nighttime SBP 0.40/0.24
0.43/0.28
0.38/NS
Nighttime DBP 0.31/NS
0.30/NS
0.31/NS
SBP dipping
0.21/-0.2
0.28/-0.25
NS/NS
DBP dipping
0.28/NS
0.31/-0.22
0.26/NS
Age
NS/NS
NS/NS
NS/NS
BMI
NS/NS
NS/NS
NS/NS
SBP – systolic blood pressure, DBP – diastolic blood pressure. BMI – body
mass index, η – correlation relation, r is the correlation coefficient. All
noted as statistically significant with p < 0.05, others non-significant (NS).

There were no direct statistically significant correlations between HRQoL and level of diastolic BP (DBP). At the same time,

a fairly strong nonlinear correlation between parameters was
revealed. Moderate effect sizes (0.35–0.43) were found in relation to total, physical, psychosocial functioning and SBP level.
Nonlinear correlation indexes ranging from 0.25 to 0.31 were
characteristic of DBP with respect to individual survey indicators.
It should be noted that although the study groups were different in terms of body mass index, the correlation between
HRQoL and body mass index was not significant. A statistically
significant correlation between HRQoL and the age of children
was not observed in our study.
Figure 1 graphically shows the patterns of Total Score and BP
according to ABPM data.
As can be seen from the trend line, patients with daytime
SBP below 130 mm Hg had a lower Total Score in comparison
with children with daytime SBP at a level of 130–160 mm Hg.
Children with a daytime SBP within the ranges of 140–160 mm
Hg, as a rule, considered their HRQoL to include the maximal
possible score. With a further increase in daytime SBP (more
than 160 mm Hg), the Total Score decreased sharply.
Since the increase in diastolic BP was characteristic only for
second stage arterial hypertension, the correlation with HRQoL
was less noticeable. However, a tendency towards lower HRQoL
parameters in children with high DBP was observed (Figure 1
B, D).
When assessing the HRQoL indexes in children with varying
degrees of a nighttime decrease in BP, we found that an insufficient degree of a nightly decrease in BP did not negatively affect the HRQoL of children with PH. This was confirmed by the
results of the correlation analysis presented in Table 4 and in
Figure 2.
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Figure 1. Trend line of Total Score versus day (A, B), night (C, D), systolic (SBP) and diastolic (DBP) blood pressure

Figure 2. Trend line of the Total Score versus the degree of nighttime decline in SBP
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Discussion
According to the objectives of the study, we investigated the
associations between health-related quality of life (HRQoL) and
rate of blood pressure elevation in children with primary arterial
hypertension (PH) and high-normal blood pressure. In children
with high-normal blood pressure and first stage hypertension,
quality of life indicators were lower compared to the control
group and children with second stage hypertension. Moreover,
the relationship between BP and HRQoL was statistically significant and non-linear.
Our results from the questioning of children with normal BP
in general terms are consistent with data from other studies.
The Total Score HRQoL for healthy schoolchildren, according to
different authors, ranges from 72.7 to 86.9 points [21–24]. In
our study, the Total Score HRQoL in the control group was 79.05
[12.25].
According to research conducted in Slovenia [23], children
with normal BP had a Total Score HRQoL of 84.66 [11.00] points,
and children with PH had a Total Score HRQoL 7of 7.72 [14.57]
points. This work did not take into account the degree of BP
increase. The article does not show the BP parameters of the
examined children. However, it noticed that, for most patients,
a single modification of life style was a sufficient treatment
option, which suggests that the degree of increase in BP was
negligible. In this case, the results obtained in Slovenia may be

similar to those that we received from children with first stage
PH in terms of HRQoL values. In addition, unlike our data, in
the presented study, children with both primary and secondary
hypertension were included. The presence and severity of the
underlying disease could significantly affect the results of the
survey. The authors also indicated that the study did not take
into account comorbidities, and moreover, adolescents were
not aware of arterial hypertension.
If we would not take into account the difference in the absolute indicators of HRQoL in our study and the study presented
above, the identified trends can be considered as similar. In
particular, a fairly high level of physical functioning in children
with hypertension compared with psychosocial was common.
As in the Slovenian study, our data also suggests that the smallest number of points in children with PH can be obtained via
the Emotional Functioning scale. Increased BP did not affect the
level of Social Functioning in both studies.
The revealed differences are possibly related to the age of
patients. The Slovenian study included children from 6 to 15
years old, meanwhile, our study included patients from 9 to 17
years old.
In contrast, data reported by Petek et al. [24] showed that
high BP was associated with good HRQoL parameters in children
and adolescents [25], including those with high BP due to chronic kidney disease [26].
A study by Berendes et al. [25] included 7697 participants
between 11 and 17 years of age. The central finding of this in-

Y. Marushko et al. • Children, hypertension, quality of life
vestigation was that adolescents with elevated BP reported significantly better HRQoL parameters and lower levels of distress.
The total score in children with arterial hypertension was approx. 73.4 [10.0] points and was significantly higher compared
to children with normal BP (72.5 [10.4] points, p = 0.006). ‘‘Physical well-being’’ totaled 72.7 [15.5] points versus 70.4 [16.6]
points, p = 0.001, respectively.
The authors pointed out that the correlation they found between high BP, well-being and low levels of distress can be explained by the lack of concomitant physical comorbidity, lack of
understanding of hypertension and a bi-directional relationship
with suppressed emotions. The authors point out that increasing BP in children and adolescents can be a potential stress buffer. We completely agree with this interpretation of the causes
of normal HRQoL parameters in children with high BP, since, in
our previous studies, we also obtained evidence of the presence
of certain adaptation phases in PH pathogenesis closely related
to stress.
In a study by Wong et al. [26], BP was measured both by office measurements and by ABPM, which are the same methods
we used. The goal of this study was to determine if elevated
BP and/or antihypertensive medication usage had a negative
impact on HRQoL parameters in children with chronic kidney
disease. In contrast to our research, the study involved children
with secondary arterial hypertension in the presence of chronic
kidney disease. The mean total score in hypertensive patients
was 79 [68, 87] points, and in normotensive patients – 82 [69,
90] points, p = 0.14. Physical functioning was at a fairly high level (about 84 points) regardless of BP. The differences between
normotensive and hypertensive patients only included school
functioning, which was significantly lower in hypertensive patients (65 [55, 80] versus 75 [60, 85] points, p = 0.007). In our
study, school functioning was also reduced more than other parameters, significantly affecting the total score of psychosocial
functioning.
Statistical analysis in this study also suggested the construction of longitudinal median regression models, though these
models did not find a significant relationship between the BP
indicators and HRQoL parameters.
In addition, the use of antihypertensive drugs was not associated with a decrease in the HRQoL parameters of children.
In our study, the effect of antihypertensive therapy on
HRQoL parameters was not studied. We plan to continue research in this direction. In the near future, we also plan to provide data on gender differences in HRQoL indicators for different stages of PH.
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A number of other studies also examined the correlation
between blood pressure and HRQoL parameters in children [27,
28]. One of them [27] was attended by 48 children 9–10 years
old with normal BP and prehypertension. In another [28], there
were 113 children 7–18 years old with chronic kidney disease.
Among them there were 46 children with normal blood pressure, 22 with prehypertension and 45 with hypertension. In
both studies, hypertension was based on office blood pressure
measurements. Direct correlation between office blood pressure and quality of life indicators were absent.
Our study had several limitations. We did not have the opportunity to assess the duration of the disease until the time of
diagnosis, because many patients having episodes of high BP did
not ask for medical help. Children with high-normal blood pressure lacked documented data on the duration of elevated BP.
Rather low HRQoL parameters were revealed in children
with high-normal BP, which allows one to consider this category
of patients as a risk group for the progression of high BP into
PH. We believe that, along with the recommendations that exist
today, which provide a modification of life in children with high-normal BP, this category of patients needs more intensive treatment aimed at influencing patient perception of stress factors.
We believe that stabilization of arterial hypertension should be
considered as an adaptation of the body to fluctuations in BP
arising under the influence of various stress factors. In this regard, we can recommend an HRQoL test in children with high-normal BP as a method of identifying risk groups for the progression of PH.

Conclusions
The analysis of HRQoL parameters in children and adolescents 9–17 years old with PH or high-normal BP shows that BP
moderately affects quality of life in this category of children and
adolescents. This correlation is predominantly non-linear in nature and consists of the fact that at the onset of arterial hypertension, HRQoL parameters are significantly reduced (in children
with daytime SBP less than 130 mm Hg). As BP become constantly
elevated (in children with daytime SBP of 130–160 mm Hg), the
HRQoL parameters improve. In children with extremely high BP
levels, the HRQoL parameters are low due to a failure in adaptation. This data should be taken into account when evaluating the
effectiveness of treatment of children and adolescents with PH
and when monitoring children with high-normal BP.
Children with significant changes in HRQoL require additional visits to primary care physicians and further psychological and
pharmacological correction.

Source of funding: This work was funded from the authors’ own resources.
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