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SUMMARY - This study aimed to analyze blood pressure (BP) patterns, assess blood pressure
variability (BPV), and its possible determinants in children with essential hypertension. The study
group included 132 children with essential hypertension without antihypertensive therapy. Anthropo-
metric and laboratory parameters were evaluated, office and ambulatory BP were measured. BPV was
defined as the standard deviation of BP for the day and nighttime periods. In addition to classical
statistical analysis, an unsupervised machine learning approach using the expected maximization al-
gorithm was implemented to find groups of patients with similar characteristics. No differences in
BPV were observed between sexes; however, boys had higher levels of creatinine, serum glucose, and
uric acid despite similar body mass index values. There was a significant correlation between the Z-
score for body mass index and daytime systolic BPV (r=0.19, p<0.05). Nighttime BPV significantly
correlated with total cholesterol and uric acid levels. Within the male population, two clusters were
found. The subjects in Cluster 2 had higher daytime and nighttime systolic and diastolic BP values,
total cholesterol, triglycerides, and nighttime systolic and diastolic BPV. Our results suggest that the
clustering of metabolic factors influences BPV in untreated children with essential hypertension,

which may be a sex-specific effect in males.
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Introduction

Hypertension (HTN) is a major health problem in
both children and adults. The estimated prevalence
among healthy children ranges between 1.6-3.5%.%2
Blood pressure variability (BPV) is a complex physio-
logical phenomenon that includes short- and long-
term BP fluctuations, and new evidence indicates that
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it worsens the clinical outcome and exacerbates the
progression of HTN. BPV correlates with the severity
of cardiac, renal, and vascular damage; adverse cardio-
vascular outcomes, and mortality regardless of elevated
mean BP.3 Short-term BPV fluctuations are observed
within a 24-hour period (minute-to-minute, hour-to-
hour, and day-to-night changes) while long-term BPV
fluctuations are observed over longer periods (weeks,
months, etc.).

Determinants of HTN, such as sex, obesity, life-
style, and genetic factors, are well known.** However,
there is a lack of research regarding factors affecting
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BPV in the pediatric population. Most of the research
includes observational studies in the last several years
since the concept of BPV has gained interest both in
adults and the pediatric population. The results of
these studies indicate that adverse cardiovascular
events, development and progression of cardiac, vascu-
lar, and renal damage depend not only on mean BP

Table 1. General characteristics of the study population.
Anthropometric measures and laboratory values.

mean * standard deviation
Birth weight (g) 3334.49 = 674.76
Age (years) 1498 + 2.1
BMI (kg/m?) 27.45 £ 5.26
BMI (percentile) 88.75+17.15
BMI (Z-score) 1.73 £ 0.98
Total cholesterol
(mmol/L) 4.37 +0.88
HDL cholesterol
(mmol/L) 1.36 £ 0.33
LDL cholesterol
(mmol/L) 2.58+0.75
Triglycerides (mmol/L) 1.17 £ 0.59
Serum uric acid (pmol/L) |328.64 = 69.85
Serum glucose (mmol/L) |4.92 + 0.59
Serum creatinine
(umol/L) 76.65 + 14.09

BMI = body mass index; HDL = high-density lipoprotein; LDL =
low-density lipoprotein

values but also on BPV, and some have suggested that
it could be the target of antihypertensive therapy.’*
Several studies investigated the connection between
humoral, neural, and environmental factors to BPV.
'The findings have indicated that these factors should
be observed together because of their strong connec-
tion and mutual influence, and separating them is
pointless in the clinical setting.®” In the light of men-
tioned results, we tried to determine factors, among
laboratory values, gender, anthropometric parameters,
and ambulatory blood pressure monitoring (AMBP)
values that influence BPV, observing them separately
and in clusters created on common characteristics.

Understanding potential determinants of BPV in
hypertensive children could help identify patients with
increased cardiovascular risk in the early stage of the
disease and help improve preventive and therapeutic
strategies in clinical practice.

'This study aimed to analyze BP patterns and assess
BPV and its possible determinants in untreated chil-

dren with essential HTN.

Materials and methods

In this retrospective observational study, 132 chil-
dren [84 (64%) males and 48 (36%) females] were re-
ferred to the Pediatric Nephrology Department from
January 2006 to September 2016.

Anthropometric  parameters, including birth
weight, serum glucose level (sG), serum uric acid

Table 2. Descriptive results of the most relevant blood pressure measurements

Blood pressure (in mmHg)

mean + SD mean + SD
office SBP 150.37 £ 13.07 SBPLd 54.83 £ 25.42
office DBP 91.06 + 10.3 SBPLn 59.31 +26.51
24-h SBP 135.01 + 8.55 DBPLd 29.92 +22.92
24-h DBP 75.11 £ 6.07 DBPLn 37.04 £ 26.72
Day SBP 137.62 +9.18 Pulse 24 h (1/min) 79.05 £ 9.42
Day DBP 77.41 +6.73 SBPV day 12.19 + 2.75
Night SBP 123.92 +9.51 DBPV day 9.77 + 2.35
Night DBP 65.94 +7.11 SBPV night 11.95 + 4.25
Pulse pressure 59.66 + 7.74 DBPV night 9.36 + 3.29

SD = standard deviation; SBP = systolic blood pressure; DBP = diastolic blood pressure; SBPLd = systolic
blood pressure load by day; DBPLd = diastolic blood pressure by day; SBPLn = systolic blood pressure load
by night; DBPLn = diastolic blood pressure load by night; SBPV = systolic blood pressure variability; DBPV

= diastolic blood pressure variability.
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Table 3. Differences of the most relevant blood pressure
measurements in men and women

Table 4. Correlations™ between laboratory results
and BPV.

[Blood pressure values (in mmHg).]
Male ‘ Female ‘ p
mean #* standard deviation
Office SBP |150.35 +11.69 | 150.42 + 15.33 | 0.976
Office DBP [91.19 £ 9.96 90.83 +10.98 |0.849
24-h SBP 136.12 £ 8.74 |133.06 + 7.94 10.048
24-h DBP 7429 £ 5.78 76.54 £ 6.34 0.039
SBP day 138.73 £+ 9.24 |135.69 = 8.86 |0.067
DBP day 76.36 + 6.49 79.25 + 6.82 0.017
SBP night 124.26 £ 10.09 | 123.31 £ 8.47 |0.583
DBP night [64.9 £6.79 67.75 + 7.38 0.027
Iljr‘f::ure 61.49+7.41 |56.45+73  |<0.001
SBPLd 54.42 £ 24.61 |55.55+27.03 |0.807
SBPLn 55.95 £ 27.69 |65.13 +23.47 [0.056
DBPLd 26.5 +20.67 35.92 +25.53 |0.023
DBPLn 34.03 +26.44 |42.24 +26.68 |0.091
?f/ﬁilr’l‘)ﬂse 77.95+1026 |80.98+7.47 |0.076
SBPV day 12.35+2.75 11.91 +2.75 0.381
DBPV day |9.84+2.61 9.63 +1.83 0.627
SBPV night |12.31 + 4.28 11.32 +4.17 0.200
DBPV night |9.64 + 3.37 8.89 +3.12 0.210

SBP = systolic blood pressure; DBP = diastolic blood pressure; SB-
PLd = systolic blood pressure load by day; DBPLd = diastolic blood
pressure by day; SBPLn = systolic blood pressure load by night;
DBPLn = diastolic blood pressure load by night; SBPV = systolic
blood pressure variability; DBPV = diastolic blood pressure vari-

ability

(sUA), serum creatinine (sCr), total cholesterol (T'Ch),
high-density lipoprotein cholesterol (HDL), low-den-
sity lipoprotein cholesterol (LDL), and triglycerides
(T'G) were measured in all participants. Office BP and
ambulatory BP (AMBP) were measured according to
recent European Society of Hypertension guidelines.®
AMBP monitoring was performed using a Mobilgraf
M01100120 (IEM GmbH, Germany) device. The
proper cuff, according to arm length and width, was
placed on the non-dominant arm, and both parents
and children were educated about the device. BP was
measured and recorded every 15 min during the day
and every 30 min at night. AMBP provided data about
average 24-hour systolic (24h SBP) and diastolic (24h
DBP) values, average day and nighttime SBP and
DBP, pulse pressure, average 24-hour heart rate, and
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SBPV |DBPV|SBPV |DBPV

day day night |night
(Trﬁzloif)le“er‘ﬂ 0.03 |-0.02 028 |0.17
azilj}f)ﬂesml 009 (008 (010 |-0.02
(LH]?H%O?LO)ICWOI 002 006 023 010
(Télig@ef)des 013 |-015 017 |0.19
(S:ﬁﬁ;lc acid 011 -034 003 0.26
(Srirrlrllr:v%mse 0.06 [0.00 [0.01 |0.17
(S:;lg}ﬁgeatinine -0.18 1-0.01 1-023 |-0.07
Birth weight (g) -0.12 |-0.09 |-0.03 |-0.03

*Pearson’s correlation coefficient (statistically significant results are
bolded); SBPV = systolic blood pressure variability; DBPV = dia-
stolic blood pressure variability; HDL = high-density lipoprotein;
LDL = low-density lipoprotein

SBP and DBP loads by day and night (SBPLd/DB-
PLd, SBPLn/DBPLn). BPV was defined as the stan-
dard deviation of systolic and diastolic BP for the day
and nighttime periods (SBPV day and SBPV night;
DBPV day and DBPV night, respectively).

Ethical approval: The research related to human
use complies with all the relevant national regulations,
institutional policies, is in accordance with the tenets
of the Helsinki Declaration, and has been approved by
the authors’ institutional review board or equivalent
committee. This is a retrospective observational study,
so a confidentiality statement has been signed as a sub-
stitute for informed consent.

Statistical analysis

The data were analyzed using R (www.r-project.
org) and Statistica software. Categorical variables are
described as absolute and relative frequencies, and nu-
merical variables, with arithmetic means and standard
deviations. A Kolmogorov-Smirnov test was used to
test the normality of the data. Differences between nu-
meric variables were tested using a Student’s t-test.
Pearson’s correlation test was used to assess the corre-
lation between numerical variables. P-values <0.05

Acta Clin Croat, Vol. 60, (Suppl. 1) 2021


http://www.r-project.org/
http://www.r-project.org/

1. Skorié et al.

Blood pressure variability in children with essential hypertension

Table 5. Most significant differences between the observed — Table 6. Clustering of the male population.

clusters
[Blood pressure values (in mmHg)]

Cluster 1 Cluster 2

mean * mean *

standard standard P

deviation deviation
24-h SBP 14242 +7.72 |130.73 +5.62 |<0.001
24-h DBP |78.93 +5.37 72.82 +5.24 <0.001
SBP day 145.44 + 845 |133.13+6.18 |<0.001
DBP day 81.91 + 6.09 74.8 £ 5.68 <0.001
SBP night |130.78 +9.99 |119.87 +6.52 |<0.001
DBP night |70.33 + 6.16 63.3 £6.26 <0.001
ﬁgg:ure 63 + 8.87 5777+ 64 | <0.001
SBPLd 76.25 £ 18.01 |43.46 +21.46 |<0.001
SBPLn 76.47 +21.3 50.18 £ 24.41 |<0.001
DBPLd 45.08 £ 24.29 [21.83 £17.75 |<0.001
DBPLn 52.71 £25.09 |28.56 +23.71 |<0.001
Serum
uric acid 352.76 = 60.55 | 314.49 + 69.02 | 0.002
(pmol/L)
IZBI_\:ICIMC 1.99 + 0.83 1.59+1.02 0.027

EM = expected maximization; SBP = systolic blood pressure; DBP
= diastolic blood pressure; SBPLd = systolic blood pressure load by
day; DBPLd = diastolic blood pressure by day; SBPLn = systolic
blood pressure load by night; DBPLn = diastolic blood pressure
load by night; BMI = body mass index

were considered statistically significant. Additionally,
the expected maximization unsupervised machine
learning algorithm with 10-fold cross-validation was

applied to find clusters based on the most relevant
BPV features.

Results

The general characteristics of our study group are
presented in Table 1. The average age was 14.98 + 2.1
years and mean body mass index value was 27.45 =+
5.26 kg/m? (percentiles = 88.75 + 17.15; mean Z-score
for BMI = 1.73 + 0.98). Blood pressure values are pre-
sented in Table 2. The average systolic and diastolic
office and AMBP daytime BP were 150.37 + 13.07
mmHg and 91.06 + 10.3 mmHg and 137.62 + 9.18
mmHg and 77.41 = 6.73 mmHg, respectively. Sex-
specific office BP, AMBP, and BPV values are shown
in Table 3.
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[Blood pressure values (in mmHg)]
Cluster 1 Cluster 2 p

24-h SBP 132.17 £ 7.37 |141.53 + 6.84 |<0.001
24-h DBP 7294572 |77.16+534 10.026
SBP day 133.83 +7.74 |144.53 £7.75 |<0.001
DBP day 74 £ 6.51 79.58 +6.13 |0.011
SBP night 121.22 + 8.68 |130.63 + 9.44 |0.003
DBP night |62.94+7.08 |68.89+4.76 |0.004
SBPLd 46.27 +£22.43 |70.3 £25.74 10.004
SBPLn 51.42 +26.43 |73.06 £ 24.81 |0.014
Total
cholesterol 3.9 £0.73 495+1.1 0.002
(mmol/L)
Triglycerides
(mffl ZVL) 1.09+034 [1.63+0.99 0.036
Serum
creatinine 90.67 + 14.25 |79.94 + 12.15 |0.018
(pmol/L)
SBPV night |10.52£3.85 |15.01+3.71 |<0.001
DBPV night | 7.95 £ 2.57 12.06 = 3.3 <0.001

SBP = systolic blood pressure; DBP = diastolic blood pressure; SB-
PLd = systolic blood pressure load by day; SBPLn = systolic blood
pressure load by night; SBPV = systolic blood pressure variability;
DBPV = diastolic blood pressure variability

Comparing sex-specific BP parameters, male chil-
dren had higher daytime and nighttime SBP, although
the difference was not statistically significant (p =
0.067 and p = 0.583). However, females had signifi-
cantly higher daytime and nighttime DBP values (p =
0.017 and p = 0.027, respectively). Both the average
24h SBP and pulse pressure were higher in males (p =
0.048 and p = <0.001, respectively), while the average
24h DBP and daytime DBP load were higher in fe-
males (p = 0.039 and p = 0.023, respectively). No dif-
ferences were observed in BPV between sexes. For
laboratory results, sCR [81.3 + 13.87 umol/L, 68.6 +
10.46 pmol/L, p<0.001], sG [5 + 0.66 mmol/L, 4.78+
0.42 mmo/L, p = 0.046], and sUA [343.69 + 69.04
pmol/L, 302.29 + 63.77 umol/L, p=0.001] were sig-
nificantly higher in males, despite similar BMI [27.18
+ 5.27 kg/m? (males) vs 27.94 + 5.27 kg/m? (females),
p = 0.427].

The correlations between the laboratory parameters
and BPV are shown in Table 4. A statistically signifi-

cant positive correlation was found between the Z-
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Table 7. Clustering of the female population.

[Blood pressure values (in mmHg)]
Cluster 1 Cluster 2 p

24-h SBP |136.5 £ 8.62 130.467 £ 5.34 | 0.031
SBP day 140.07 £ 10.02 |132.07 +5.89 |0.013
SBPLd 67.21 £25.63 [40.14 £ 23 0.006
DBPLd 49.11 £29.25 |24.85+17.17 |0.011
DBPLn 52.42 £30.38 |31.83 £22.56 |0.047
Serum

uric acid 316.79 £ 53.19 |277.87 £ 39.62 0.033
(umol/L)

SBP = systolic blood pressure; SBPLd = systolic blood pressure load
by day; DBPLd = diastolic blood pressure by day; DBPLn = dia-
stolic blood pressure load by night.

Abbreviations: BP, blood pressure; BPV, blood pressure variability;
AMBP, Ambulatory blood pressure monitoring; DBP, diastolic
blood pressure; HDL, high-density lipoprotein cholesterol; HTN,
hypertension; LDL, low-density lipoprotein cholesterol; sCr, serum
creatinine; sG, serum glucose; sUA, serum uric acid; T'Ch, total
cholesterol; TG, triglycerides

score and daytime systolic BPV (r = 0.19, p < 0.05).
Analyzing the possible correlation between laboratory
tests and BPV, we found a significant correlation be-
tween nighttime systolic BPV and total cholesterol (r
= 0.28) and between daytime and nighttime diastolic
BPV sUA (r = -0.34 and r = 0.26, respectively).

Using the expected maximum analysis of the entire
patient group, two different clusters were observed.
Patients in Cluster 1 had higher AMBP, pulse pres-
sure, and higher Z-scores of BMI and sUA (Table 5).
Stratified by sex, two clusters were found within the
male patients. Patients in Cluster 2 had significantly
higher daytime and nighttime systolic and diastolic
BP values, TCh, TG, and nighttime systolic and dia-
stolic BPV (Table 6). Within the female patients, two
clusters were found. Patients in Cluster 1 had higher
SBP values (day SBP, 24h SBP, SBPLd), daytime and
nighttime DPBL, and sUA (Table 7).

Discussion

Current knowledge on possible determinants of
BPV within a 24-hour period is limited, particularly in
pediatrics. However, accumulating evidence indicates
that BPV is associated with adverse cardiovascular
outcomes and increased risk of vascular and renal
damage and mortality, regardless of elevated average
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BP values.” ! Our results showed that daytime systolic
BPV correlated positively with BMI Z-scores, sug-
gesting that overweight and obese children have high-
er BPV. Obesity is a predisposing factor for HTN
both in children and adults, and increased BPV may
add to the risk of adverse outcomes in this group of
patients.’>® A similar correlation between systolic
BPV and BMI Z-score was found in a study by Leis-
man et al. investigating BPV in children with primary
versus secondary HTN.™

On the other hand, birth weight showed an inverse
relationship. Several studies on BPV in adults and
children showed that a lower birth weight correlated
with an increased BPV from childhood to adulthood
and elevated BP in adulthood.’ ' The authors hypoth-
esized a possible relationship between increased in
utero sympathetic nervous system activity, birth weight,
BP, and BPV."®'7 In our study, although we did not
find a statistically significant correlation, the results
suggest a negative correlation between BPV and birth
weight; however, larger sample size is necessary to
confirm this relationship. Our results suggest that
there are no sex-specific differences in BPV, but there
are some sex-specific differences in 24-h BP patterns.
Compared to girls, boys had higher 24h SBP and pulse
pressure, whereas girls had higher 24h DBP, day and
nighttime DBP, and daytime DBP load. Using a dif-
ferent approach, other researchers found similar sex-
specific differences in BP patterns, suggesting that
BPV positively correlates more with SBP than DBP.2
This direct relationship between BPV and mean BP
may suggest a promising target for antihypertensive
therapy by stabilizing BPV.?

The results of our laboratory analysis showed that
boys had higher sCr, sG, and sUA levels despite simi-
lar BMI. There was also a positive correlation between
nighttime systolic and diastolic BPV and sCr and sUA
values. Several observational studies indicate that
higher levels of sUA are related to the risk of cardio-
vascular disease.’ The association between sUA level
and cardiovascular risk in children is less known. A
study investigating cardiometabolic risk factors in
overweight and obese youths revealed that sUA levels
were higher in boys, and a significant association was
found between sUA and office BP and day and night-
time SBP.”? In our study, we found two different pat-

terns. Patients in the first cluster had significantly
higher SBP values, BMI Z-score, and sUA. Compar-
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ing this with previous statements about the impact of
sUA levels and SBP values on cardiovascular risk, and
BMI Z-score on BPV, it is hypothesized that patients
in Cluster 1 may have multiple risk factors for adverse
cardiovascular outcomes.

The results of our study showed the complexity of
BPV in children. However, there are several limita-
tions, such as a relatively small sample size, single time
point estimate, and the lack of a follow-up. Further-
more, when using noninvasive ambulatory BP moni-
toring, it is hard to precisely quantify the magnitude of
the BPV, especially in children, due to poor compli-
ance and a low attention span. We pointed out several
factors that could influence BPV separately, such as
SBP, sUA, Z-score for BMI, and male sex, while ob-
serving these factors in clusters may show a broader
underlying picture. Recognizing the clustering of met-
abolic factors influencing BPV in untreated children
with essential HTN will help identify patients with a
higher risk of adverse cardiovascular outcomes, espe-
cially among the male population. Current knowledge
about BPV in children has certain limitations, but it is
important to pay attention to BPV values when assess-
ing AMBP and its influence on mean BP values. Ad-
ditional prospective outcome studies are needed to
better understand the underlying mechanisms and
factors influencing BPV, which will help improve cur-
rent therapeutic strategies. Further research is needed
to investigate whether BPV can serve as a rational tar-
get for antihypertensive therapy to prevent or post-
pone adverse cardiovascular outcomes.
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Sazetak

CIMBENICI KOJI UTJECU NA VARIJABILNOST KRVNOG TLAKA
U DJECE S ESENCIJALNOM HIPERTENZIJOM

Iva S,%oric’, Matej Sapina, Ivana Trutin, Karolina Kramaric, Ivica Skoro i Mario Laganovic

Cilj studije je analizirati vrijednosti krvnog tlaka i varijabilnost krvnog tlaka (BPV), te ¢imbenike koji bi mogli utjecati
na BVP u djece s esencijalnom hipertenzijom. Istrazivanje uklju¢uje 132 djece s prethodno nelije¢enom esencijalnom hiper-
tenzijom. Promatrani su antropometrijski i laboratorijski parametri, ambulantne vrijednosti krvnog tlaka (BP) i 24-satno
kontinuirano mjerenje arterijskog tlaka. Varijabilnost krvnog tlaka definirana je kao vrijednost standardne devijacije no¢nih
i dnevnih vrijednosti BP. Uz klasi¢nu statisticku analizu, u svrhu pronalazenja skupina pacijenata sa zajedni¢kim karakteri-
stikama kori$tena je tehnika maksimizacije o¢ekivanja. Nije nadena razlika u BPV ovisno o spolu, dok su djecaci su imali visi
serumski kreatinin, urate i Seéer u krvi, unato¢ sli¢cnom indeksu tjelesne mase. Postoji statisticki znacajna povezanost Z-sco-
re ITM-a i dnevne sistolicke BPV (r=0.19, p<0.05). Noé¢ne vrijednosti BVP-a su u znacajnoj korelaciji s vrijednostima
ukupnog kolesterola i urata. Medu djecacima definirane su dvije skupine prema zajednickim karakteristikama. Ispitanici u
drugoj skupini imali su znacajno viSe dnevne i no¢ne sistolicke i dijastolicke vrijednosti BP-a, kolesterol i trigliceride te noéni
sistoli¢ki 1 dijastolicki BPV. Rezultati pokazuju utjecaj pojedinih ¢imbenika na BPV. Grupiranje metabolic¢kih ¢imbenika u
skupine daje bolji uvid u njihov utjecaj na BPV, osobito u populaciji djecaka.
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