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1. Wykaz zastosowanych skrotow

95CI — ang. 95 percentile confidence interval, 95-procentowy przedziat utnosci

ABPM - ang. ambulatory blood pressure monitoring, catodobowa rejestracja ci$nienia
tetniczego

AUC - ang. area under curve, pole pod krzywa

CoV — ang. coefficient of variation, wskaznik zmiennosci

DBP — ang. diastolic blood pressure, ci$nienie tetnicze rozkurczowe

hsCRP — ang. high-sensitivity C-reactive protein, wysoko czule biatko C-reaktywne

ICAM-1 — ang. intercellular adhesion molecule 1, czasteczka adhezji miedzykomorkowej 1
IL-6 — interleukina 6

IL-18 — interleukina 18

LVH — ang. left ventricular hypertrophy, przerost migsnia lewej komory serca

LVMI — ang. left ventricular mass index, indeks masy lewej komory serca

LYM - liczba limfocytow we krwi obwodowej (1000/pul)

MAP — ang. mean arterial pressure, ci$nienie tetnicze Srednie

MD - ang. mean difference, srednia roznica

MH - ang. masked hypertension, nadcisnienie tetnicze maskowane

MLR - ang. monocyte-to-lymphocyte ratio, stosunek liczby monocytow do limfocytéw
we krwi obwodowej, wskaznik monocytowo-limfocytarny

MNR - ang. monocyte-to-neutrophil ratio, stosunek liczby monocytéw do neutrofilow we krwi
obwodowej, wskaznik monocytowo-neutrofilowy

MPYV — ang. mean platelet volume, $rednia objetos¢ ptytek krwi (f1)

NEU - liczba neutrofilow we krwi obwodowej (1000/ul)

NLR - ang. neutrophil-to-lymphocyte ratio, stosunek liczby neutrofilow do limfocytow we
krwi obwodowej, wskaznik neutrofilowo-limfocytarny

NT — nadci$nienie tetnicze

NTP — nadci$nienie tetnicze pierwotne

OR - ang. odds ratio, iloraz szans

PLR - ang. platelet-to-lymphocyte ratio, stosunek liczby ptytek krwi do limfocytow we krwi
obwodowej, wskaznik ptytkowo-limfocytarny

PLT - liczba plytek krwi we krwi obwodowej (1000/pl)

PMPVR - platelet-to-mean platelet volume ratio, stosunek liczby ptytek krwi do $redniej

12



objetosci plytek krwi, wskaznik plytki krwi-érednia objetos¢ ptytek krwi [10'%/f1]

ROC - ang. receiver operating characteristic, krzywa charakterystyki operacyjnej

RPI — ang. rate-pressure index, iloczyn czestosci akcji serca i ci$nienia skurczowego

RWT - ang. relative wall thickness, wzgledna grubos$¢ Sciany lewej komory serca

SBP — ang. systolic blood pressure, cisnienie t¢tnicze skurczowe

SD — ang. standard deviation, odchylenie standardowe

WCH - ang. white coat hypertension, nadci$nienie biatego fartucha

WDBPV - ang. weighted diastolic blood pressure variability, wazona zmiennos$¢ ci$nienia
rozkurczowego

WMAPYV - ang. weighted mean arterial pressure variability, wazona zmienno$¢ ci$nienia
sredniego

WSBPV — ang. weighted systolic blood pressure variability, wazona zmienno$¢ cis$nienia
skurczowego

VCAM-1 — ang. vascular cell adhesion molecule 1, czasteczka adhezji komoérek naczyn 1
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2.  Streszczenie w jezyku polskim

Wprowadzenie:

Nadcisnienie tgtnicze (NT) stwierdza si¢ u 4% dzieci, przy czym od okresu dojrzewania
nadci$nienie tetnicze pierwotne (NTP) jest dominujaca przyczyna podwyzszonego ci$nienia
tetniczego. Patogeneza NTP w wieku rozwojowym jest niejasna i w jego powstawaniu biorg
udziat m.in. nieprawidlowy sklad masy ciata, dieta bogata w soéd, aktywacja uktadu
wspotczulnego, zjawisko wczesnego starzenia si¢ naczyn oraz subkliniczny stan zapalny.
Przeprowadzone w okresie ostatnich 25 lat badania eksperymentalne oraz badania u pacjentow
dorostych wykazaly, ze aktywacja ukladu immunologicznego i subkliniczny stan zapalny
sg istotnymi czynnikami odpowiadajagcymi za poczatkowy wzrost ci$nienia tetniczego,
utrwalanie si¢ nadci$nienia oraz powstawanie uszkodzenia narzadowego u chorych z NTP.
U dorostych podwyzszone wyktadniki stanu zapalnego koreluja dodatnio z ryzykiem sercowo-
naczyniowym. Wyktadniki stanu zapalnego oceniano dotychczas w nielicznych badaniach
pediatrycznych obejmujacych mate grupy dzieci z NTP.

W pismiennictwie brak jednoznacznych danych na temat réznic w st¢zeniu markerow
stanu zapalnego pomiedzy dzie¢mi z NTP a dzieémi z nadci$nieniem biatego fartucha (ang.
white coat hypertension, WCH) oraz dzie¢mi zdrowymi. Nie ustalono takze, ktére markery
roéznicuja te populacje. Brakuje takze informacji na temat zalezno$ci pomiedzy markerami
stanu zapalnego a niekorzystnymi zmianami w sercu w tym przerostem mig¢$nia lewej komory
serca oraz na temat zaleznosci pomiedzy nasileniem stanu zapalnego a zmiennos$cig cisnienia
tetniczego u dzieci z NTP.

Cele pracy:

1. Poro6wnanie warto§ci markeréw stanu zapalnego mig¢dzy nieleczonymi pacjentami
pediatrycznymi z nadci$nieniem t¢tniczym pierwotnym a dzie¢mi zdrowymi (grupa
kontrolna — GK).

2. Poréwnanie warto$ci markeréw stanu zapalnego migdzy nieleczonymi pacjentami
pediatrycznymi z nadci$nieniem te¢tniczym pierwotnym a dzieémi z nadci$nieniem
tetniczym biatego fartucha (ang. white coat hypertension, WCH).

3. Wyznaczenie parametrow subklinicznego stanu zapalnego, ktére mogg by¢ markerami
nadci$nienia tetniczego pierwotnego.

4. Ocena zalezno$ci migdzy nasileniem stanu zapalnego a zmianami w sercu, w tym

przerostem migsnia lewej komory serca u dzieci z nadci$nieniem tgtniczym pierwotnym.
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5. Ustalenie, ktory parametr stanu zapalnego moze by¢ markerem przerostu migsnia lewej
komory serca u dzieci z nadci$nieniem tetniczym pierwotnym.
6. Ustalenie zalezno$ci pomig¢dzy zmienno$cig ci$nienia tg¢tniczego a parametrami stanu
zapalnego u dzieci z nadci$nieniem tetniczym pierwotnym.
Material i metody:
Systematyczny przeglad piSmiennictwa z meta-analiza przeprowadzono zgodnie z
rekomendacjami PRISMA 2020 i Cochrane. Przeszukano bazy danych MEDLINE, EMBASE
1 Cochrane do marca 2025 r. Sposrod 3076 rekordow do meta-analizy wiaczono 13 badan
opublikowanych w latach 2005-2024 (745 dzieci z NTP 1 561 zdrowych osob z grupy
kontrolnej). Dane zostaty przeanalizowane przy uzyciu programu Review Manager, ryzyko
btedu systematycznego (bias) oceniono przy pomocy skali Newcastle-Ottawa.
Badaniem oryginalnym obj¢to 56 dzieci z NTP (15,1£2,3 lat), 40 dzieci z WCH (14,7+2,9 lat)
oraz 30 dzieci zdrowych (GK) (14,9+1,4 lat). U wszystkich pacjentow oceniono parametry
stanu zapalnego: st¢zenie wysoko czulego biatka C-reaktywnego (hsCRP) i interleukiny 18 (IL-
18) ocenione metodg ELISA (hsCRP: DRG International Inc., IL-18: ThermoFisher Scientific)
oraz parametry pochodne morfologii krwi obwodowej (Sysmex XN-1000): liczbe neutrofilow,
limfocytéw, monocytoéw i ptytek krwi (1000/ul), $rednig objetos¢ ptytek krwi (MPV; fl) oraz
wskazniki: neutrofilowo-limfocytarny (NLR), ptytkowo-limfocytarny (PLR), wskaznik
monocytowo-limfocytarny (MLR), monocytowo-neutrofilowy (MNR) 1 wskaznik ptytki krwi-
$rednia objeto$¢ ptytek krwi (PMPVR) [10'%/fl]. U wszystkich dzieci oceniono cinienie
tetnicze w pomiarze gabinetowym (Welch Allyn VSM Patient Monitor 300) 1 w pomiarze
catodobowym (Suntech Oscar 2) oraz wybrane parametry kliniczne i biochemiczne. U 34 dzieci
z NTP oceniono wynik badania echokardiograficznego (Philips 1E33).
Wyniki:

Systematyczny przeglad piSmiennictwa z meta-analiza wykazal istotne roznice
pomiedzy dzie¢mi z NTP a grupa kontrolng w st¢zeniu hsRCP (MD: 0,07 mg/dl 95CI: 0,04-
0,09), stezeniu czasteczki adhezji migdzykomorkowej 1 (ICAM-1) (MD: 85,28 ng/ml 95CI:
50,57-119,99), czasteczki adhezji komoérek naczyn 1 (VCAM-1) (MD: 259,78 ng/ml 95CI:
22,65-496,91), liczbie neutrofilow (MD: 0,90 95CI: 0,66—1,14), monocytow (MD: 0,08 95CI:
0,04-0,11), ptytek krwi (MD: 20,24 95CI: 4,27-36,21), NLR (MD: 0,48 95CI: 0,34-0,62),
LMR (MD: -0,52 95CI: —1,02—0,02).

W pierwszej pracy oryginalnej wykazano, ze stezenie hsCRP bylo istotnie wyzsze
u nieleczonych pacjentow z NTP w porownaniu z GK przy braku réznic pomigdzy dzie¢mi z

NTP a WCH (NTP vs. WCH vs. GK: 2,9 [1,5-7,3] vs. 1,4 [0,6-6,0] vs. 0,9 [0,5-1,9] [mg/1],
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p=0,002), liczba neutrofilow i monocytow byta istotnie wyzsza u pacjentoéw z NTP i WCH w
poroéwnaniu z GK: neutrofile (NTP vs. WCH vs. GK: 3,89%1,44 vs. 3,40£1,75 vs. 2,63+0,96 [ x
10%/ul], p=0,001), monocyty (NTP vs. WCH vs. GK: 0,53 [0,45-0,65] vs. 0,50 [0,40-0,63] vs.
0,44 [0,35-0,53] [x 103/ul], p=0,026). Analiza krzywej ROC (receiver operating characteristic)
wykazata dobry profil prognostyczny jako predykatoréw NTP dla hsCRP (AUC: 0,668,
p=0,0005), liczby neutrofiléw (AUC: 0,691, p=0,0001), limfocytéw (AUC: 0,615, p=0,0230),
monocytow (AUC: 0,622, p=0,0148) 1 plytek krwi (AUC: 0,606, p=0,0364), a takze
wskaznikow: NLR (AUC: 0,619, p=0,0181), MNR (AUC: 0,617, p=0,0204) oraz PMPVR
(AUC: 0,606, p=0,0370). W analizie wieloczynnikowej wskaznik MLR 1 liczba ptytek krwi
byly istotnymi predykatorami ci§nienia rozkurczowego w pomiarze gabinetowym (B = 0,217,
B = 0,191), liczba neutrofilow byta predykatorem dla 24-godzinnego ci$nienia skurczowego
(B= 0,365), MLR, liczba limfocytow, stezenie interleukiny 18 i NLR — dla 24-godzinnego
ci$nienia rozkurczowego (p = 0,305, B = 0,253, B =—-0,197, B = —0,189), a liczba neutrofilow
i1 IL-18 — dla 24-godzinnego cisnienia $redniego (B = 0,210, B =—0,209).

W drugiej pracy w grupie 34 nieleczonych dzieci z NTP (15,1+2,1 lat, 28 chlopcow,
6 dziewczynek) przerost lewej komory serca (left ventricular hypertrophy — LVH) stwierdzono
u 12 (35,3%), a nieprawidlowa wzgledna grubos¢ $ciany lewej komory (relative wall thickness
-RWT) u 6 (17,6%) dzieci. Koncoworozkurczowy wymiar lewej komory (left ventricular end-
diastolic diameted - LVEDd Z-score) korelowal ujemnie z liczbg neutrofilow (r=-0,583,
p=0,001), wskaznikiem NLR (r=-0,562, p=0,002) 1 dodatnio ze wskaznikiem MNR (r=0,605,
p=0,001), a indeks masy lewej komory serca (left ventricular mass index - LVMI [g/m?*])
korelowat dodatnio ze wskaznikiem MNR (1=0,433, p=0,011). RWT korelowat dodatnio z
liczbg neutrofilow (r=0,356, p=0,039) oraz z liczba monocytéw (r=0,378, p=0,027). Pacjenci
z przerostem lewej komory serca cechowali si¢ istotnie nizszym wskaznikiem NLR
(1,430+0,409 vs. 1,797%0,521, p=0,043) i istotnie wyzszym wskaznikiem MNR (0,171+0,031
vs. 0,144+0,037, p=0,042). Analiza krzywej ROC wykazata dobre profile diagnostyczne dla
MPV (AUC: 0,729, p=0,014), NLR (AUC: 0,697, p=0,040) i MNR (AUC: 0,701, p=0,025)
jako predykatorow LVH. W analizie wieloczynnikowe] jedynym istotnym czynnikiem
predykcyjnym dla przerostu lewej komory byt wskaznik MNR (OR: 1,329, 95CI: 1,007-1,756).

W trzeciej pracy oryginalnej wykazano, ze pacjenci z NTP w poréwnaniu do GK
cechowali si¢ wyzszymi wskaznikami zmiennosci ci$nienia tetniczego: 24h ABPM SBP SD
(13,7%2,5 vs. 12,6%1,8, p=0,036), 24h ABPM MAP SD (11,4%2,6 vs. 10,0£1,9, p=0,009), 24h
RPI (10352+1584 vs. 846611203, p<0,001), 24h WSBPV (11,4£1,8 vs. 10,3£1,8, p=0,009),
24h WDBYV (9,6%1,7 vs. 8,7+1,8, p=0,033), 24h WMAPV (9,2+1,6 vs. 8,0x1,7, p=0,002) i 24h
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CoVSBP (10,2£1,9 vs. 11,1£1,6, p=0,012). W analizie wieloczynnikowej w grupie dzieci z
NTP MNR byt istotnym predykatorem 24h ABPM MAP SD ($=0,290, p=0,030), 24h RPI
(B=—0,348, p=0,005) 1 24h WDBPV (p=0,286, p=0,028); liczba monocytow byta predykatorem
24h RPI (B= 0,281, p=0,023), a hsCRP byt predykatorem 24h WDBV (= 0,310, p=0,018).
Analiza ROC wykazata, ze liczba limfocytow byla istotnym czynnikiem prognostycznym
zaburzonego profilu dobowego cisnienia tetniczego u dzieci z NTP (AUC: 0,656, p=0,037,
punkt odciecia: 2,59 [x10°/uL]).

Whioski:

1. Pacjenci z nadci$nieniem tg¢tniczym pierwotnym cechujg si¢ podwyzszonymi
markerami subklinicznego stanu zapalnego w poréwnaniu do dzieci zdrowych.

2. Pacjenci pediatryczni z nadci$nieniem tg¢tniczym bialego fartucha cechujg sie
porownywalnym nasileniem stanu zapalnego w odniesieniu do pacjentow z nadci$nieniem
tetniczym pierwotnym.

3. Markerami immunologicznymi nadci$nienia tetniczego pierwotnego u dzieci moga by¢
podwyzszone stezenie hsCRP, podwyzszone st¢zenie czastek adhezyjnych (ICAM-1, VCAM-
1) oraz podwyzszone wskazniki pochodne morfologii krwi: podwyzszona liczba neutrofilow,
monocytow, plytek krwi oraz podwyzszone wskazniki neutrofilowo-limfocytarny
1 monocytowo-limfocytarny.

4. U dzieci z nadci$nieniem tetniczym pierwotnym istnieje dodatnia zalezno$¢ migdzy
nasileniem stanu zapalnego a masg mig¢snia lewej komory serca i ryzykiem przerostu migs$nia
lewej komory serca.

5. Wskaznik monocytowo-neutrofilowy (MNR) moze by¢ markerem przerostu mig$nia
lewej komory serca u dzieci z nadci$nieniem tgtniczym pierwotnym.

6. U dzieci z nadci$nieniem tg¢tniczym pierwotnym istnieje dodatnia zalezno$ci migedzy
zmiennoS$cig ci$nienia tetniczego a parametrami stanu zapalnego — podwyzszony wskazniki
monocytowo-neutrofilowy (MNR) moze by¢ markerem zwigkszonej zmiennosci cisnienia
tetniczego, a podwyzszona liczba limfocytéw markerem zaburzonego profilu dobowego

ci$nienia tetniczego.
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3.  Streszczenie w jezyku angielskim

Subclinical inflammation in children with primary hypertension

Introduction:

Arterial hypertension (AH) is found in 4% of children, with primary hypertension (PH)
being the predominant cause of high blood pressure from adolescence. The pathogenesis of PH
in the developmental age is unclear, and its development is caused by, among other factors,
abnormal body composition, a diet rich in sodium, activation of the sympathetic system, early
vascular aging, and subclinical inflammation. Experimental studies conducted over the past
25 years and studies in adult patients have shown that immune system activation and subclinical
inflammation are essential factors in the initial increase in blood pressure, the persistence
of hypertension, and the development of hypertension-mediated organ damage in patients
with PH. In adults, elevated inflammatory markers are positively correlated with cardiovascular
risk. Inflammation markers have been evaluated in only a few pediatric studies involving small
groups of children with PH. There is no conclusive data in the literature on differences
in the concentrations of inflammatory markers between children with PH, children with white-
coat hypertension (WCH), and healthy children. It has also not been determined which markers
differentiate these populations. There is also a lack of information on the relationships between
markers of inflammation and adverse cardiac changes, including left ventricular hypertrophy,
and between inflammation severity and blood pressure variability in children with PH.

Aims of the study:

1. Comparison of inflammatory markers between untreated pediatric patients with primary
hypertension (PH) and healthy children (control group — CG).

2. Comparison of inflammatory markers between untreated pediatric patients with primary
hypertension and children with white coat hypertension (WCH).

3. Determination of parameters of subclinical inflammation that may be markers of primary
hypertension.

4. To evaluate the relationship between inflammation severity and changes in the heart,
including left ventricular hypertrophy, in children with primary hypertension.

5. Determining which inflammatory parameter may be a marker of left ventricular hypertrophy
in children with primary hypertension.

6. Determining the relationship between blood pressure variability and inflammation
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parameters in children with primary hypertension.
Material and methods:
A systematic review of the literature with meta-analysis was conducted in accordance with the
PRISMA 2020 and Cochrane recommendations. The MEDLINE, EMBASE, and Cochrane
databases were searched up to March 2025. Of the 3076 records, 13 studies published between
2005 and 2024 (745 children with PH and 561 healthy controls) were included in the meta-
analysis. Data were analysed using Review Manager, and the risk of bias was assessed using
the Newcastle-Ottawa Scale.
The original study included 56 children with PH (15.1+£2.3 years), 40 children with WCH
(14.7£2.9 years), and 30 healthy children (control group - CG) (14.9+1.4 years). In all patients,
the following parameters of inflammation were evaluated: the concentration of high-sensitive
C-reactive protein (hsCRP) and interleukin 18 (IL-18) assessed by ELISA (hsCRP: DRG
International Inc., IL-18: ThermoFisher Scientific) and the complete blood count-derived
parameters (Sysmex XN-1000): neutrophil, lymphocyte, monocyte and platelet counts
(1000/uL), mean platelet volume (MPV; fL) and indices: neutrophil-to-lymphocyte (NLR),
platelet-to-lymphocyte (PLR), monocyte-to-lymphocyte (MLR), monocyte-to-neutrophile
(MNR), and platelet-to-mean platelet volume (PMPVR) [10'%/fL] ratios. In all children, I
assessed blood pressure by office measurement (Welch Allyn VSM Patient Monitor 300) and
ambulatory blood pressure monitoring (Suntech Oscar 2), as well as selected clinical and
biochemical parameters. In 34 children with PH, the result of an echocardiographic examination
(Philips iE33) was evaluated.
Results:

A systematic review of the literature with meta-analysis found significant differences
between children with PH and healthy children in the concentration of hsRCP (MD: 0.07 mg/dL
95CI: 0.04-0.09), the concentration of intercellular adhesion molecule 1 (ICAM-1) (MD: 85.28
ng/mL 95CI: 50.57-119.99), vascular cell adhesion molecule 1 (VCAM-1) (MD: 259.78 ng/mL
95CI: 22.65-496.91), neutrophil count (MD: 0.90 95CI: 0.66-1.14), monocyte count (MD: 0.08
95CI: 0.04-0.11), platelet count (MD: 20.24 95CI: 4.27-36.21), NLR (MD: 0.48 95CI: 0.34-
0.62) and LMR (MD: —0.52 95CI: —1, 02—0.02).

In the first original study, it was shown that hsCRP concentrations were significantly
higher in untreated patients with PH compared to CG with no differences between children with
PH and WCH (PH vs. WCH vs. GK: 2.9 [1.5-7.3] vs. 1.4 [0.6-6.0] vs. 0.9 [0.5-1.9] [mg/L],
p=0.002), neutrophil and monocyte counts were significantly higher in patients with PH and

WCH compared to CG: neutrophils (PH vs. WCH vs. CG: 3.89+1.44 vs. 3.40+1.75 wvs.
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2.63+0.96 [x10°/uL], p=0.001), monocytes (PH vs. WCH vs. CG: 0.53 [0.45-0.65] vs. 0.50
[0.40-0.63] vs. 0.44 [0.35-0.53] [x10°/uL], p=0.026). Analysis of the receiver operating
characteristic (ROC) curve showed a good prognostic profile as PH predictors for hsCRP
(AUC: 0.668, p=0.0005), neutrophil count (AUC: 0.691, p=0.0001), lymphocyte count (AUC:
0.615, p=0.0230), monocyte count (AUC: 0.622, p=0.0148), and platelet count (AUC: 0.606,
p=0.0364), as well as NLR (AUC: 0.619, p=0.0181), MNR (AUC: 0.617, p=0.0204), and
PMPVR (AUC: 0.606, p=0.0370). In a multivariate analysis, MLR and platelet count were
essential predictors of office diastolic blood pressure(=0.217, f=0.191), neutrophil count was
a predictor for 24-hour systolic blood pressure (3=0.365), MLR, lymphocyte count, interleukin
IL-18 and NLR — for 24-hour diastolic blood pressure (f=0.305, p=0.253, B=—0.197,
=—0,189), and neutrophil count and IL-18 — for 24-hour mean arterial pressure (f=0.210,
=-0.209).

In the second original study, in a group of 34 untreated children with PH (15.1+2.1 years,
28 boys, 6girls), left ventricular hypertrophy (LVH) was found in 12 (35.3%) and abnormal
relative wall thickness (RWT) in 6 (17.6%) children. Left ventricular diastolic diameter
(LVEDd Z-score) correlated negatively with neutrophil count (r=-0.583, p=0.001), NLR (r=-
0.562, p=0.002), and positively with MNR (r=0.605, p=0.001), and left ventricular mass index
(LVMI [g/m?]) correlated positively with MNR (r=0.433, p=0.011). RWT correlated positively
with neutrophil count (r=0.356, p=0.039) and monocyte count (r=0.378, p=0.027). Patients with
left ventricular hypertrophy had a significantly lower NLR (1.430+0.409 vs. 1.797+0.521,
p=0.043) and a significantly higher MNR (0.171+0.031 vs. 0.144+0.037, p=0.042). ROC curve
analysis showed good diagnostic profiles for MPV (AUC: 0.729, p=0.014), NLR (AUC: 0.697,
p=0.040), and MNR (AUC: 0.701, p=0.025) as predictors of LVH. In multivariate analysis,
the only significant predictive factor for left ventricular hypertrophy was MNR (OR: 1.329,
95CI: 1.007-1.756).

In the third original study, it was shown that patients with PH compared to CG had
higher indices of blood pressure variability: 24h ABPM SBP SD (13.742.5 vs. 12.6+1.8,
p=0.036), 24h ABPM MAP SD (11.4£2.6 vs. 10.0+1.9, p=0.009), 24h RPI (10352+1584 vs.
8466+1203, p<0.001), 24h WSBPV (11.4+£1.8 vs. 10.3£1.8, p=0.009), 24h WDBV (9.6+1.7 vs.
8.7+1.8, p=0.033), 24h WMAPV (9.2+1.6 vs. 8.0+1.7, p=0.002) and 24h CoVSBP (10.2+1.9
vs. 11.1+1.6, p=0.012). In a multivariate analysis, in the group of children with PH, MNR was
a significant predictor of 24h ABPM MAP SD ($=0.290, p=0.030), 24h RPI (f=—0.348,
p=0.005) and 24h WDBPV (=0.286, p=0.028); monocyte count was the predictor of 24h RPI
(B= 0.281, p=0.023), and hsCRP was the predictor of 24h WDBV (= 0.310, p=0.018). ROC
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analysis showed that lymphocyte count was a significant prognostic factor for the disturbed

circadian blood pressure profile in children with PH (AUC: 0.656, p=0.037, cut-off point: 2.59

[*103/uL)).

Conclusions:

1. Patients with primary hypertension have elevated markers of subclinical inflammation
compared to healthy children.

2. Pediatric patients with white coat hypertension have comparable severity
of inflammation compared to patients with primary hypertension.

3. Elevated concentrations of hsCRP, adhesion molecules (ICAM-1, VCAM-1),
and elevated complete blood count-derived markers: increased neutrophil, monocyte,
platelet counts, and elevated indices: neutrophil-to-lymphocyte and monocyte-to-
lymphocyte ratios, may be considered as immunological markers of primary
hypertension in children.

4. In children with primary hypertension, there is a positive relationship between the left
ventricular mass, the risk of left ventricular hypertrophy, and the severity
of inflammation.

5. Monocyte-to-neutrophil ratio (MNR) may be a marker of left ventricular hypertrophy
in children with primary hypertension.

6. In children with primary hypertension, there is a positive relationship between blood

pressure variability and inflammation parameters — increased monocyte-to-neutrophil
ratio (MNR) may be a marker of increased blood pressure variability, and an increased

number of lymphocytes may be a marker of a disturbed circadian blood pressure profile.
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4. Wstep

4.1. Definicja nadciSnienia tetniczego w wieku rozwojowym

Zarowno Polskie Towarzystwo Nadci$nienia Tetniczego, Europejskie Towarzystwo
Nadci$nienia Tetniczego (ang. European Society of Hypertension — ESH) oraz grupa ekspertow
HyperChildNET stosuja taka samg definicj¢ nadci$nienia tetniczego w wieku rozwojowym.
Eksperci rekomenduja stosowanie siatek centylowych dla oceny ci$nienia tgtniczego w wieku
0-15 lat, a dla nastolatkow w wieku 16-17 lat norm jak dla dorostych. Aby rozpoznac
nadci$nienie t¢tnicze potrzebne sa 3 niezalezne pomiary — w praktyce pomiary na 3 wizytach
lekarskich. Do pomiarow skriningowych mozna uzywaé pomiaréw oscylometrycznych,
natomiast do potwierdzania nadci$nienia tetniczego rekomenduje si¢ pomiar metoda ostuchowa
[1-4].

Nadcisnienie tetnicze (NT) u pacjentow pediatrycznych definiuje si¢ jako $rednie
ci$nienie tetnicze skurczowe i/lub rozkurczowe ocenione na podstawie co najmniej
3 niezaleznych pomiaréw wyzsze lub roéwne 95 centylowi (cc.) dla plei, wieku i wzrostu
dziecka a u nastolatkow w wieku 16-17 lat ci$nienie tetniczego wyzsze lub réwne 140/90 mm
Hg na trzech wizytach lekarskich.

Uwzgledniajac wysoko$¢ ci$nienia tetniczego u pacjentdw pediatrycznych z NT
wyrdznia si¢ NT 1. 1 2. stopnia (dzieci do 15 roku zycia) oraz NT 1., 2. 1 3. stopnia
(nastolatkowie w wieku 16-17 lat).

Najczgstszym fenotypem nadci$nienia tgtniczego w wieku rozwojowym jest izolowane
nadci$nienie skurczowe definiowane jako warto$ci skurczowego cisnienia tetniczego > 95. cc,
a rozkurczowego ci$nienia tgtniczego <90 cc.; u mlodziezy w wieku 16 lat 1 starszej wartosci
skurczowego cisnienia tetniczego > 140 mm Hg oraz rozkurczowego cis$nienia t¢tniczego <90
mm Hg [1, 2, 5].

Autorzy rekomendacji wyrdzniaja takze dwa stany posrednie pomigdzy prawidtowym
ci$nieniem tgtniczym a utrwalonym nadci$nieniem tetniczym:

e Nadci$nienie bialego fartucha (ang. white coat hypertension, WCH) — wartosci ci$nienia
tetniczego w pomiarach wykonywanych przez personel medyczny > 95. cc lub u dzieci

w wieku 16 lat >140/90 mm Hg, a w pomiarach wykonywanych w warunkach

domowych lub w ABPM mieszczace si¢ w granicach normy.

e Nadcis$nienie tetnicze maskowane (ang. masked hypertension, MH) — warto$ci ci§nienia

tetniczego w pomiarach wykonywanych przez personel medyczny <95. cc lub u dzieci
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w wieku 16 lat <140/90 mm Hg, a podwyzszone w pomiarach wykonywanych

w warunkach domowych lub w ABPM.

Wykazano, ze doros$li z nadci$nieniem tetniczym biatego fartucha i nadci$nieniem
tetniczym maskowanym cechujg si¢ podwyzszonym ryzykiem sercowo-naczyniowym [6, 7],
au dzieci uszkodzenie narzagdowe (ang. hypertension-mediated organ damage — HMOD),
np. przerost lewej komory, jest porownywalne z dzie¢mi z utrwalonym nadci$nieniem
tetniczym [8, 9]

Klasyfikacje ci$nienia tetniczego u dzieci w oparciu o pomiary gabinetowe

przedstawiono w tabeli 1.

Tabela 1
Klasyfikacja ci$nienia t¢tniczego u dzieci w oparciu o pomiary gabinetowe wg [1, 3, 10, 11]

w modyfikacji wilasnej.

0-15 lat > 16 lat
(centyl ci$nienia tgtniczego) (wartos$¢ cisnienia
tetniczego)
Prawidlowe ci$nienie tetnicze | < 90 centyl < 130/85 mm Hg
Wysokie prawidlowe cisnienie |> 901 <95 centyl 130-139/85-89 mm Hg
tetnicze
Nadcisnienie tetnicze > 95 centyl > 140/90 mm Hg

Nadcis$nienie tetnicze 1. stopnia | 95 — 99 centyl + 5 mm Hg 140-159/90-99 mm Hg

Nadci$nienie t¢tnicze 2. stopnia | > 99 centyl + 5 mm Hg 160-179/100-109 mm Hg
Nadcis$nienie tetnicze 3. stopnia > 180/110 mm Hg
[zolowane nadci$nienie tetnicze | SBP > 95 centyl > 140/<90 mm Hg
skurczowe DBP < 90 centyl

SBP — ang. systolic blood pressure, cis$nienie t¢tnicze skurczowe, DBP — ang. diastolic blood

pressure, cisnienie tetnicze rozkurczowe
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4.2. Zastosowanie calodobowej rejestracji ciSnienia tetniczego u dzieci

Calodobowa rejestracja ci$nienia tetniczego inaczej 24-godzinny ambulatoryjny pomiar
ci$nienia t¢tniczego (ang. ambulatory blood pressure monitoring — ABPM) stanowi pomocne
i uznane narz¢dzie w diagnostyce oraz monitorowaniu dzieci i nastolatkow z nadci$nieniem
tetniczym. Stosowanie ABPM jest szczegélnie wskazane w przypadku podejrzenia
nadci$nienia tetniczego bialego fartucha 1 maskowanego nadci$nienia tetniczego
(w tym u dzieci z przewlekta chorobg nerek lub cukrzycg), u chorych, u ktérych planowane
jest wlaczenie leczenia hipotensyjnego oraz do monitorowania skutecznosci takiego leczenia
[1,4].

Podobnie jak w przypadku pomiaréw gabinetowych interpretacja zapisu ABPM u dzieci
w ponizej 16 lat opiera si¢ na pordwnaniu uzyskanych warto$ci z odpowiednimi siatkami
centylowymi [12] a u nastolatkow w wieku 16-17 lat z uznanymi normami dla dorostych [10].

Dane z zapisu ABPM umozliwiajg nie tylko ocen¢ wartosci $rednich ci$nienia
tetniczego dla 24 godzin, dnia i nocy, ale takze pozwalajg na wyliczenie szeregu wskaznikow
lepiej definiujacych ci$nienie tetnicze u pacjenta. Czes$¢ tych wskaznikow jest powszechnie
uznawana i stanowi element standardowego opisu badania ABPM. Sj to:

e ladunek ci$nienia t¢tniczego definiowany jako stosunek liczby pomiarow >95cc. do liczby
wszystkich pomiar6w wyrazony w procentach. Za podwyzszony tadunek przyjmuje si¢
u dzieci warto$¢ > 25%.

e Spadek nocny ci$nienia t¢tniczego definiowany jako stosunek réznicy cisnienia t¢tniczego
w okresie czuwania 1 spoczynku do ci$nienia te¢tniczego w okresie czuwania wyrazony
w procentach. Za prawidlowy (zachowany) spadek nocny ci$nienia t¢tniczego przyjmuje si¢
wartos¢ > 10%.

Oprocz tych dwoch wskaznikéw w oparciu o zapis ABPM mozna wyliczy¢: wskaznik
sztywnosci tetnic (ang. ambulatory arterial stiffness index - AASI), poranny wzrost ci$nienia
tetniczego (ang. morning blood pressure surge) oraz szereg innych parametréw oceniajacych
zmienno$¢ ci$nienia te¢tniczego (ang. blood pressure variability — BPV). Znaczenie tych
parametrow nie jest jasne, w czgsci prac wykazano ich korelacje z uszkodzeniem narzgdowym
zardwno u dzieci jak 1 dorostych np. dla wskaznika AASI [13, 14].

Zapis ABPM umozliwia precyzyjng ocen¢ krotkotrwalej zmienno$ci ci$nienia tetniczego
przy pomocy licznych wyliczanych wskaznikow zaczynajac od odchylenia standardowego

pomiardw (ang. standard deviation, SD) lub wazonego odchylenia standardowego
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(ang. weighted standard deviation, WSD). W populacji dorostych wykazywano, ze pacjenci
z NT cechujg si¢ wyzsza zmiennoscig niz pacjenci normotensyjni, a sama zmienno$¢ stanowi

niezalezny czynnik ryzyka sercowo-naczyniowego [15-17].

4.3. Epidemiologia i etiologia nadciSnienia tetniczego w wieku rozwojowym

Wedlug szacunkéw $swiatowe) organizacji zdrowia NT wystepuje u 1,4 biliona ludzi
w wieku 30-79 lat. Analiza danych Narodowego Funduszu Zdrowia z lat 2018-2022 wskazuje,
ze w Polsce liczba pacjentow z NT utrzymuje si¢ na stalym poziomie i wynosi okoto
11 milionéw - choroba ta dotyka ok. 35% dorostych Polakow [18].

W danych literaturowych czgsto§¢ nadcisnienia tetniczego w populacji rozwojowej jest
bardzo zroznicowana i waha si¢ od jednego do kilkunastu procent zaleznie od opracowania
i metodologii pomiaru. Opublikowana w roku 2019 w czasopismie JAMA Pediatrics meta-
analiza obejmujaca 47 publikacji 1 186 630 uczestnikéw wskazuje, ze czestos¢ NT w wieku
rozwojowym wynosi 4%. Najczescie] w wieku rozwojowym wystepuje izolowane nadci$nienie
skurczowe (1,5% populacji, 37,5% dzieci z NT), nastgpnie nadcisnienie skurczowo-
rozkurczowe (1,25% populacji, 31,25% dzieci z NT), najrzadziej izolowane nadci$nienie
rozkurczowe (0,75% populacji, 18,75% dzieci z NT). W cytowane] meta-analizie nie byto
réznic w czegstosci NT pomigdzy chiopcami i dziewczynkami, nie poddano analizie rdznic
w czestosci zaleznie od wieku, natomiast wykazano, ze NT bylo najczestsze u dzieci
z otyloscia, u ktérych wystepowato z czgstoscig 15,27%, nastepnie u dzieci z nadwagg (4,99%),
a najrzadziej u dzieci z prawidtowa masg ciata (1,90%) [19].

Dane z innych prac epidemiologicznych wskazujg na wzrastajaca czgstos¢ nadci$nienia
tetniczego wraz z wiekiem badanych dzieci. Choroba jest rzadko rozpoznawana w pierwszych
latach zycia, ale w okresie pokwitania jej czgsto$¢ istotnie wzrasta, szczegoOlnie u ptci meskie;.
Dane polskie wskazuja, ze NT dotyczy 9% ludzi w wieku 18 lat w tym az 16% chlopcow,
co odpowiada czesto$ci NT w grupie mtodych dorostych [20].

Tradycyjnie uwazano, ze w wieku rozwojowym, w przeciwienstwie do dorostych,
dominuje nadci$nienie tgtnicze wtérne. Duze dane epidemiologiczne wskazuja jednak,
ze nadci$nienie te¢tnicze pierwotne (NTP) moze wystepowaé u nawet potowy pacjentow
z podwyzszonym ci$nieniem tetniczym w wieku rozwojowym i rozpoznaje si¢ je takze u dzieci
w pierwszej dekadzie Zycia zwlaszcza obcigzonych czynnikami ryzyka takimi jak otylo$¢

1dodatni wywiad rodzinny [21, 22]. W opublikowanej niedawno analizie obejmujacej
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2008 pacjentow Instytutu-Pomnik ,,Centrum Zdrowia Dziecka” sposréd 1260 pacjentow
z potwierdzonym nadci$nieniem t¢tniczym NTP stwierdzono u 49,3% dzieci, a NT wtdérne
u pozostatych 50,7% [23].

Sposrod wtornych postaci nadci$nienia tetniczego najczesciej stwierdza sig:
nadci$nienie wtérne do migzszowych chordb nerek, nadci$nienie naczyniowo-nerkowe
(w naszej cze$ci $§wiata gtownie na tle dysplazji widknisto-mie$niowej), koarktacje aorty
lub zwezenie aorty w  odcinku  brzusznym, nadci$nienie  tetnicze  polekowe
(np. po glikokortykosteroidach lub inhibitorach kalcyneuryny), rzadziej: nadcisnienie tetnicze
na tle hormonalnym (np. hiperkortyzolemia, guzy chromochtonne/przyzwojaki) i nadci$nienie
tetnicze monogenowe [21-23].

Nadci$nienie tetnicze pierwotne jest zdecydowanie najczestszg przyczyna NT w wieku
nastoletnim. Czynnikami ryzyka rozwoju NT w wieku nastoletnim sg pte¢ meska, starszy wiek
(>12,5 lat), nadwaga i otyto$¢, hiperurykemia [23]. U 15-20% nastolatkow z NTP rozpoznaje
si¢ zespot metaboliczny [24].

W  podsumowaniu nalezy stwierdzi¢, ze uwzgledniajac powyzsze dane
epidemiologiczne, nadcis$nienie tetnicze, a szczegdlnie nadci$nienie tetnicze pierwotne stanowi

istotny problem zdrowotny w populacji dzieci i mtodziezy.

4.4. Patogeneza nadcisnienia tetniczego pierwotnego w wieku rozwojowym

Patogeneza nadcisnienia tetniczego pierwotnego zaréwno u dorostych jak i u dzieci jest
wieloczynnikowa i niejasna. Srednie ci$nienie tetnicze (ang. mean arterial pressure, MAP) jest
iloczynem objetosci wyrzutowej serca (ang. stroke volume, SV) i1 czgsto$ci akcji serca
(ang. heart rate, HR) oraz catkowitego oporu obwodowego (ang. total peripheral resistance —
TPR). Kazdy z tych elementow jest S$cisle regulowany przez szereg mechanizméw
fizjologicznych, ktorych celem jest zapewnienie prawidtowego, laminarnego przeptywu krwi
wyrzucane] w okresie skurczu przez lewa komory do wszystkich tkanek i1 narzadow [25].
Klasyczne dwie teorie rozwoju nadcis$nienia tgtniczego to hipoteza Guytona zakladajaca,
7ze NTP jest efektem zwigckszonej objetosci krwi (a wigc 1 pojemnosci minutowej serca)
na skutek wzrostu retencji sodu w nerce (tzw. zwiekszony prog nerkowy dla sodu) oraz hipoteza
Folkowa wskazujaca na wzrost napigcia $ciany tetnic (oporu obwodowego) jako przyczyny
nadci$nienia tetniczego. Obecne koncepcje zakladaja raczej wspotudzial wielu czynnikéw,

ktore w dynamiczny sposob zwickszaja kazdy z tych elementow podnoszac w efekcie cisnienie
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tetnicze (tzw. zmodyfikowana mozaika Page’a) [25].

W $wietle obecnej wiedzy postuluje si¢, ze w patogenezie NTP w okresie rozwojowym

biorg udziat [2, 25-27] (rycina 1):

Zwigkszona sodowrazliwos¢ (nieprawidtowa funkcja cewek nerkowych powodujaca
nadmierng reabsorpcje sodu tzw. podwyzszony prog nerkowy dla sodu), bedaca
rozwini¢ciem klasycznej teorii Guytona.

Zwigkszona retencja sodu w glikozaminoglikanach tkanki podskérnej powodujaca
m.in. zwigkszong sztywno$¢ naczyn.

Nadmierna aktywacja ukladu wspdiczulnego wywolana zaburzong odpowiedzig
z baroreceptoréw lub zwigkszong aktywnos$cig osrodkow w rdzeniu przedtuzonym —
wiazaca si¢ takze z otytoscig i zespotem metabolicznym.

Nadmierna aktywacja uktadu renina-angiotensyna-aldosteron zar6wno w nerce,
jak i na poziomie lokalnym (np. w $cianie naczyn t¢tniczych i tkance thuszczowej).
Zaburzony sklad masy ciala ze zwigkszonym odsetkowym udziatem tluszczowej
wzgledem beztluszczowe] masy ciata 1 wzglednym niedoborem masy migsniowej
(sarkopenia).

Hormony wydzielane przez tkanke tluszczowa (np. leptyna, rezystyna), ktore
zwigkszaja aktywnos$¢ uktadu wspoiczulnego i retencje sodu w nerkach.
Insulinooporno$¢  wplywajaca na  zwigkszong  aktywno$¢  wspodiczulng
oraz zwigkszajaca retencje sodu w nerkach.

Zaburzenia oddychania w trakcie snu powodujace aktywacjg uktadu wspotczulnego,
uktadu renina-angiotensyna-aldosteron oraz uktadu podwzgorze-przysadka-kora
nadnerczy.

Zaburzenia sktadu i1 funkcji mikrobioty jelitowej nasilajagce m.in. subkliniczny stan
zapalny 1 retencje¢ sodu w nerkach.

Weczesne dojrzewanie biologiczne (ang. early biological ageing) zwigzane z akceleracja
m.in. wieku kostnego u pacjentow pediatrycznych z NTP ale przede wszystkim
zwczesnymi zmianami w naczyniach tetniczych — pogrubieniem ich $ciany
oraz zwigkszeniem ich sztywnosci (ang. early vascular ageing).

Czynniki genetyczne — badania asocjacyjne catego genomu (ang. genome-wide
association studies — GWAS) wykryly ponad 1000 loci zwigzanych z nadci$nieniem
tetniczym, przy czym udzial pojedynczego locus i polimorfizmu byt niewielki.

Zanajwazniejsze 1 najbardziej obiecujgce czynniki genetyczne uwaza si¢ obecnie

27



polimorfizmy gendéw uromoduliny (UMOD), SH2B3 (zwigzany z ci¢zkim
nadci$nieniem t¢tniczym, uszkodzeniem nerek oraz produkcja cytokin przez limfocyty
T), PRDM6 (zwigzany ze zwigkszong produkcja reniny i sodowrazliwo$cia)
oraz PHACTRI (produkt genu reguluje m.in. produkcje endoteliny 1).

e Nadmierna aktywacja uktadu odpornosciowego i subkliniczny stan zapalny.

4.5. Rola subklinicznego stanu zapalnego w patogenezie nadciSnienia
tetniczego pierwotnego

Koncepcja roli stanu zapalnego w patogenezie pierwotnego nadci$nienia tetniczego
Z pewnoscig nie jest nowa hipoteza. W latach sze$¢dziesiatych XX wieku Okuda i Grollmann
odkryli, ze transfer limfocytéw od szczuréw z zawatem nerki indukowat nadci$nienie tetnicze
u zwierzat z wezesniej prawidtowym cisnieniem tetniczym [28]. W 1972 roku Olsen opisat
okotonaczyniowe nacieki z limfocytow T i monocytow u dorostych z réznymi postaciami
nadci$nienia t¢tniczego [29]. W ciagu ostatnich 25 lat badania eksperymentalne ujawnity liczne
szlaki patofizjologiczne taczace aktywacje zaré6wno wrodzonego, jak i nabytego uktadu
odpornosciowego, rozwoj stanu zapalnego, wzrost cisnienia tgtniczego 1 uszkodzenie
narzadowe.

Obecne hipotezy tacza rolg sodu i aktywacji ukladu odpornosciowego oraz stanu
zapalnego. Czynniki zwigkszajace cisnienie tetnicze takie jak nadmiar sodu w diecie, aktywacja
uktadu wspoétczulnego lub napigcie $cinajace (ang. shear stress), zwiekszajg réznicowanie
limfocytow T w kierunku prozapalnego fenotypu Thl7, zwigkszaja produkcje cytokin
zapalnych i reaktywnych form tlenu (ang. reactive oxygen species — ROS), oslabiaja aktywacje
makrofagdw przeciwzapalnych i upos$ledzajg funkcje immunosupresyjng limfocytow T
regulatorowych (Treg). Dodatkowo so6d 1 zwigekszone napiecie uktadu wspotczulnego powoduja
aktywacje 1 migracj¢ nerkowych komorek dendrytycznych do $ciany tetnic [30-34].

Pierwszym krokiem do przej$cia do przewleklej fazy nadcis$nienia tetniczego jest
uszkodzenie $ciany te¢tnic przez uraz hemodynamiczny, ktoremu towarzyszy pobudzenie
1 dysfunkcja komoérek srodbtonka oraz aktywacja wrodzonego ukladu immunologicznego
(neutrofile, monocyty 1 wydzielane przez nie chemokiny i1 cytokiny). Aldosteron, angiotensyna
II 1 napigcie $cinajace sprzyjaja aktywacji 1 uszkodzeniu $rodbtonka ze zwigkszong ekspresja
powierzchniowa  czasteczek  adhezyjnych  (selektyn oraz  czasteczek  adhezji

miedzykomoérkowej i1 adhezji komoérek naczyn — VCAM-1 i ICAM-1), ktore utatwiaja
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rekrutacje komoérek odpornosciowych do $ciany naczynia. Dhugotrwale narazenie Sciany
tetnicy na uszkodzenia hemodynamiczne powoduje uwolnienie neoantygendw, co rozpoczyna
druga faze choroby nadci$nieniowej z prezentacja tych neoantygendéw przez komorki
dendrytyczne 1 aktywacja nabytego ukladu immunologicznego oraz utrwalaniem si¢
nadci$nienia tetniczego [34].

Aktualnie centralng role w patogenezie NTP przypisuje si¢ limfocytom Thl7
1 wydzielanej przez nie interleukinie 17. Wykazano istotny udziat tej subpopulacji limfocytow
w wielu chorobach o podtozu zapalnym i autoimmunologicznym w tym w reumatoidalnym
zapaleniu stawow, nieswoistych zapaleniach jelit, tuszczycy i1 stwardnieniu rozsianym [35].
Interleukina 17, przy braku hamujacego wptywu limfocytéw Treg, powoduje gromadzenie si¢
innych komorek zapalnych w $cianie naczyn, zwigksza produkcje ROS w migsniach gtadkich
naczyn, zmniejsza synteze tlenku azotu przez komorki srédblonka, co skutkuje dalszym
skurczem naczyn t¢tniczych. Ponadto interleukina 17 nasila retencj¢ sodu w nerce. Te wszystkie
mechanizmy powodujg dalszy wzrost i utrwalanie si¢ nadci$nienia tetniczego [31, 35, 36].

Istotne znaczenie w nasilaniu si¢ nadci$nienia tetniczego 1 stanu zapalnego
ma interakcja pomiedzy uktadem odpornosciowym a pozostalymi elementami regulujacymi
wysoko$¢ cisnienia tgtniczego. Wykazano m.in. udzial stanu zapalnego i cytokin prozapalnych
w tym interleukiny 6 w aktywacji uktadu renina-angiotensyna-aldosteron [37] oraz zmieniong
ekspresje¢ genow tego ukladu w limfocytach pacjentow z nadci$nieniem tg¢tniczym [38].
Stwierdzono takze, Zze u chorych z nadci$nieniem tetniczym aktywowane komorki uktadu
odporno$ciowego 1 produkowane przez nie cytokiny w tym interleukiny 1 1 6 oraz interferon y
zwigkszajg aktywnos¢ wspotczulnego uktadu nerwowego [39]. Ponadto badania u dorostych
wykazaty interakcje pomiedzy mikrobiotg jelitowa, ukladem immunologicznym (szczegdlnie
limfocytami Th17) a ci$nieniem tetniczym [35].

Dodatkowe znaczenie u dzieci z nadci$nieniem tetniczym pierwotnym moze miec
zjawisko wezesnego dojrzewania uktadu immunologicznego z progresja do fenotypu komorek
uktadu immunologicznego typowego dla ludzi w bardziej zaawansowanym wieku [40-43].

Aktywowane limfocyty T, makrofagi i neutrofile nasilajg produkcje w $cianie naczynia
reaktywnych form tlenu, metaloproteinaz i transformujacego czynnika wzrostu . Wszystkie
te zjawiska sprzyjaja nasilaniu dysfunkcji $§rodbtonka oraz utrwalaniu si¢ nadci$nienia
tetniczego 1 powstawaniu uszkodzenia narzgdowego — przerostu migsnia lewej komory serca,
pogrubieniu 1 zwigkszeniu sztywnosci $ciany tetniczej a takze rozwojowi przewlektej choroby

nerek [34, 44, 45].
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4.6. Metody oceny subklinicznego stanu zapalnego w nadciSnieniu
tetniczym pierwotnym

W badaniach u dorostych oraz mniej licznych badaniach pediatrycznych nasilenie
subklinicznego stanu zapalnego u pacjentéw z NTP oceniano za pomocg réznych markerow
(tabela 2). W chwili obecnej nie ma konsensusu, ktory z tych markerow ma najwigksze
znaczenie diagnostyczne i1 rokownicze 1 powinien wej$¢ do rutynowej oceny chorych

z nadcis$nieniem tetniczym.

Tabela 2

Parametry stanu zapalnego oceniane dotychczas w badaniach

Parametry pochodne morfologii krwi obwodowe;j

Antygeny réznicowania komérkowego (ang. cluster of differentiation — CD)

Wysoko czute biatko C-reaktywne (high-sensitivity C-reactive protein — hsCRP)

Interleukiny: interleukina 1, interleukina 6, interleukina 18

Czasteczki adhezji migdzykomodrkowej: E-selektyna, ICAM-1, VCAM-1

Inne: macrophage inflammatory protein la 1 1 (MIP-1a, MIP-18), tumor necrosis factor a

(TNFa), regulated on activation, normally T-expressed (RANTES), angiogenina

4.6.1. Morfologia krwi i parametry pochodne morfologii krwi

Biatle krwinki (WBC) i ich subpopulacje, wraz z ptytkami krwi, s3 kluczowymi
graczami w kaskadzie zapalnej. Parametry morfologii krwi obwodowej i wyliczane na ich
podstawie wskazniki, przyciagaja coraz wigksza uwage w ocenie subklinicznego stanu
zapalnego w wielu chorobach przewlektych. W badaniach u dorostych wielokrotnie
wykazywano, ze podwyzszona liczba subpopulacji krwinek biatych i podwyzszone warto$ci
wskaznikow bedacych ich pochodnymi wiaza sie¢ z ryzykiem choréb uktadu krazenia,
w tym miazdzycg, nadci$nieniem te¢tniczym, niewydolnos$cig serca, ostrymi zespotami

wiencowymi i $miertelnoscig z przyczyn sercowo-naczyniowych [46].
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Duze ptytki krwi wywieraja wigcej dziatan prozapalnych i prozakrzepowych niz mate
ptytki krwi [47]. Srednia objetos¢ plytek krwi (ang. mean platelet volume — MPV) jest prostym
markerem aktywacji ptytek krwi, a podwyzszona wartos¢ MPV w badaniach u dorostych
wigzala si¢ z ryzykiem chordb sercowo-naczyniowych, takich jak ostre zespoty wiencowe [48],
nadci$nienie tetnicze [49] lub nadcisnienie w okresie cigzy [50].

W oparciu o badania u dorostych wybratam do oceny nastgpujace parametry stanu
zapalnego pochodne morfologii krwi obwodowej:

e liczba neutrofilow (NEU; 1000/pl),

e liczba limfocytow (LYM; 1000/ul),

e liczba monocytoéw (MON; 1000/pl),

e liczba ptytek krwi (PLT; 1000/pul),

e $rednia objetos¢ plytek krwi (MPV; f1),

e stosunek liczby neutrofilow do limfocytow, wskaznik neutrofilowo-limfocytarny (ang.
neutrophil-to-lymphocyte ratio, NLR),

e stosunek liczby ptytek krwi do limfocytéw, wskaznik plytkowo-limfocytarny (ang.
platelet-to-lymphocyte ratio, PLR),

e stosunek liczby monocytow do limfocytow, wskaznik monocytowo-limfocytarny (ang.
monocyte-to-lymphocyte ratio, MLR),

e stosunek liczby monocytéw do neutrofilow, wskaznik monocytowo-neutrofilowy (ang.
monocyte-to-neutrophil ratio, MNR),

e stosunek liczby ptytek krwi do Sredniej objetosci ptytek krwi, wskaznik plytki krwi-

$rednia objetoéé ptytek krwi (PMPVR) [10'2/1]].

4.6.2. Wysoko czule bialko C-reaktywne

Bialko C-reaktywne (CRP) jest pierscieniowym biatkiem pentamerycznym
wytwarzanym przez hepatocyty w odpowiedzi m.in. na interleukine 6 (IL-6). Jego fizjologiczna
rolg jest wigzanie si¢ z lizofosfatydylocholing ulegajaca ekspresji na powierzchni umierajacych
(apoptotycznych 1 martwiczych) komoérek oraz niektérych bakterii (np. Streptococcus
pneumoniae), co powoduje aktywacje uktadu dopelniacza poprzez skladowa Clq [51].
W populacji dorostych stezenie biatka CRP ocenianego za pomocg wysoko czutych metod jest
niezaleznym istotnym czynnikiem ryzyka sercowo-naczyniowego i koreluje z nasileniem

miazdzycy 1 ryzykiem zdarzen sercowo-naczyniowych [52]. Ponadto, liczne badania
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u dorostych wykazaly korelacje migdzy hsCRP a masg lewej komory lub ryzykiem przerostu
lewej komory [53-55].

4.6.3. Interleukina 18

Interleukina 18 (IL-18) nalezy do nadrodziny interleukiny 1 i jest wytwarzana gtéwnie
przez makrofagi. IL-18 jest cytoking prozapalng, ktora dziata na limfocyty T 1 NK w celu
stymulowania produkcji interferonu y. Oprocz swojej roli fizjologicznej, stwierdzono, ze IL-18
uczestniczy w patogenezie wielu choréb zapalnych i autoimmunologicznych, takich jak
zapalenie tarczycy Hashimoto czy toczen rumieniowaty uktadowy [56]. Warto zauwazyd,
ze IL-18 1 jej receptory ulegaja ekspresji na komorkach srodbtonka i1 komodrkach migsni
gladkich naczyn krwiono$nych, co sugeruje jej role w chorobach naczyniowych [57].
Yamagami odkryl, Ze stezenie IL-18 w surowicy byto niezaleznym czynnikiem ryzyka zmian
w tetnicach [58]. W pracy autorow tureckich podwyzszone stezenie IL-18 wiazato si¢ z wyzsza

masa migsnia lewej komory serca [59].

4.7. Dotychczasowe dane na temat subklinicznego stanu zapalnego u dzieci
z nadcisnieniem tetniczym pierwotnym

Nasilenie subklinicznego stanu zapalnego u dzieci z nadci$nieniem tetniczym
pierwotnym oceniano dotychczas w nielicznych badaniach przekrojowych na matych grupach
chorych. Wigkszo$¢ badan pochodzi z Polski [41, 60, 61], w tym z os$rodka, w ktorym
prowadzono badania do rozprawy doktorskiej [62-64].

W dotychczas opublikowanych pracach autorzy wykazywali u dzieci z NTP
w poréwnaniu do populacji dzieci zdrowych wyzsze stezenia hsCRP [60, 65], czastek
adhezyjnych [65, 66], chemokin (MIP-1p, RANTES) [40], wyzsze liczby neutrofilow [63],
ptytek krwi [60], wicksza objetos¢ plytek krwi [60] oraz wyzsze wartosci wskaznikéw NLR
[61,63]1PLR [61].

Autorzy z Centrum Zdrowia Dziecka w badaniach z zastosowaniem cytometrii
przeptywowej wykazali, ze dzieci z NTP w poréwnaniu do dzieci zdrowych cechowaty si¢
odmiennym rozktadem komorek dendrytycznych ze zwigkszeniem liczby komorek dojrzatych
[43], zmniejszong liczbg limfocytow T regulatorowych (Treg) [42] oraz wigkszym odsetkiem

dojrzatych limfocytow we krwi obwodowej [41], co wszystko wpisuje si¢ w koncepcje
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wczesnego dojrzewania (takze uktadu immunologicznego) w tej grupie chorych.

Autorzy z Poznania stwierdzili dodatnig zalezno$¢ pomiedzy nasileniem stanu zapalnego
w jamie ustnej w tym nasileniem prochnicy a wystepowaniem nadcis$nienia t¢tniczego u dzieci
[67, 68].

Pojedyncze prace oceniaty zalezno$¢ pomiedzy nasileniem stanu zapalnego

a uszkodzeniem narzadowym u dzieci z NTP. Wykazano, ze sztywno$¢ tetnic (oceniana jako
predkos¢ fali tgtna) korelowata dodatnio z wartoscig wskaznika NLR [63] oraz ujemnie z liczba
limfocytow T regulatorowych [42]. Ponadto stwierdzano dodatnig zalezno$¢ pomigdzy
warto$cig wskaznika NLR a dysfunkcja rozkurczowa [69] oraz pomig¢dzy stezeniem hsCRP
a przerostem lewej komory [70, 71] w tej grupie chorych.

4.8. Braki w aktualnym stanie wiedzy i uzasadnienie podje¢tego tematu

Parametry stanu zapalnego oceniano dotychczas w matych badaniach na niewielkich
grupach pacjentdow pediatrycznych z nadci$nieniem t¢tniczym pierwotnym. Nie mozna
w chwili obecnej jednoznacznie ustali¢ przydatnosci tych markerow ani wybraé markera
lub grupy markeréw, ktore byly najbardziej specyficzne dla nadci$nienia tetniczego
pierwotnego. Co warte podkreslenia, wyniki dotychczasowych prac czgsto nie sa ze soba
zgodne 1 oceniaja tylko wybrane markery. Nie poddawano ocenie wielu cytokin,
np. interleukiny 18.

Brak takze danych na temat oceny tych parametréw u pacjentow pediatrycznych
z nadci$nieniem bialego fartucha, ktéry stanowi stan posredni pomigdzy normotensja
a utrwalonym nadci$nieniem tetniczym.

W $wiatowym pismiennictwie brak takze informacji na temat zwigzku wielu markerow
subklinicznego stanu zapalnego (np. wymienionej juz interleukiny 18) z najwazniejszym
parametrem uszkodzenia narzagdowego — indeksem masy lewej komory w tej grupie chorych.
Uwzgledniajac czegsto ograniczony dostgp do badania echokardiograficznego wytypowanie
markera przerostu lewej komory miatoby duze znaczenie praktyczne.

Nie oceniano takze zaleznosci w tej grupie chorych pomiedzy nasileniem stanu
zapalnego a zmiennoscig ci§nienia tetniczego.

W aspekcie zastosowania praktycznego szczegolnie istotna jest ocena przydatnos$ci

markerdw pochodnych krwi obwodowej ze wzgledu na szeroka dostepnos¢ tego badania.
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4.9. Uzasadnienie polaczenia publikacji w jeden cykl

Publikacje stanowigce prace doktorska dotycza jednolitej grupy chorych — pacjentow
pediatrycznych z nadci$nieniem tetniczym  pierwotnym nieleczonych  dotychczas
farmakologicznie. Wszystkie publikacje dotycza tego samego zagadnienia — oceny nasilenia
subklinicznego stanu zapalnego w tej grupie chorych w poréwnaniu do zdrowych réwiesnikow
oraz zalezno$ci pomig¢dzy nasileniem stanu zapalnego a innymi parametrami klinicznymi
(w tym parametrami echokardiograficznymi) u tych pacjentow.

Wstepem do prac oryginalnych jest systematyczny przeglad pismiennictwa z meta-
analiza podsumowujacy aktualny stan wiedzy oraz wskazujacy, w oparciu o dotychczas
wykonane badania u dzieci z nadci$nieniem te¢tniczym pierwotnym i wyliczenie wielkosci
efektu, ktére markery moga réznicowac t¢ grupe chorych od zdrowych réwiesnikow.

We wszystkich pracach oryginalnych oceniono te same wyktadniki stanu zapalnego
korzystajac z tej samej metody — parametry morfologii oceniono za pomocg tego samego
analizatora hematologicznego, hsCRP i IL-18 przy zastosowaniu metody ELISA (ang. enzyme-
linked immunosorbent assay) i tych samych testow oraz tego samego analizatora.

U wszystkich chorych pomiary ci$nienia t¢tniczego wykonano stosujac te same aparaty
(Allyn VSM Patient Monitor 300 1 Suntech Oscar 2). Szczegdty metodologii wykonania badan
podane sg w publikacjach.
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5. Zalozenia i cele pracy

Celami pracy s3:

1. Poréwnanie wartosci markeréw stanu zapalnego miedzy nieleczonymi pacjentami
pediatrycznymi z nadci$nieniem t¢tniczym pierwotnym a dzie¢mi zdrowymi (grupa kontrolna
— GK).

2. Poréwnanie wartosci markeréw stanu zapalnego miedzy nieleczonymi pacjentami
pediatrycznymi z nadci$nieniem tgtniczym pierwotnym a dzie¢mi z nadci$nieniem tetniczym
biatego fartucha (ang. white coat hypertension, WCH).

3. Wyznaczenie parametréw subklinicznego stanu zapalnego, ktére moga by¢ markerami
nadci$nienia tetniczego pierwotnego.

4. Ocena zalezno$ci migdzy nasileniem stanu zapalnego a zmianami w sercu, w tym
przerostem mig$nia lewej komory serca u dzieci z nadci$nieniem te¢tniczym pierwotnym.

5. Ustalenie, ktory parametr stanu zapalnego moze by¢ markerem przerostu mi¢snia lewe;j
komory serca u dzieci z nadci$nieniem tetniczym pierwotnym.

6. Ustalenie zaleznos$ci pomigdzy zmiennoscia ci$nienia t¢tniczego a parametrami stanu

zapalnego u dzieci z nadci$nieniem tetniczym pierwotnym.
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6. Wyniki

6.1. Publikacja pierwsza

Katarzyna Dziedzic-Jankowska, Maciej Kolodziej, Piotr Skrzypczyk. Association of
Subclinical Inflammation Markers with Primary Hypertension in Children-A Systematic

Review with Meta-Analysis. J Clin Med 2025; 14(7): 2319.

Celem systematycznego przegladu z meta-analiza byto ustalenie, czy istnieje zwigzek
migdzy markerami subklinicznego stanu zapalnego a obecnoscig nadcis$nienia tetniczego
pierwotnego (NTP) u dzieci w oparciu o dotychczas opublikowane prace. Badanie
przeprowadzono zgodnie z rekomendacjami PRISMA 2020 (Preferred Reporting Items
for Systematic Review and Meta-analysis) 1 Cochrane. Protokdt zostal wczesniej
zarejestrowany w bazie PROSPERO (Prospective Register of Systematic Reviews)
pod numerem CRD42022377144. Przeszukano bazy danych MEDLINE, EMBASE i Cochrane
od poczatku ich powstania do marca 2025 r. w poszukiwaniu badan kohortowych,
przekrojowych 1 kliniczno-kontrolnych; dodatkowe pozycje piSmiennictwa uzyskano
z wyszukanych artykutéw. Badania musiaty dotyczy¢ zwiazku migdzy dowolnymi markerami
subklinicznego stanu zapalnego a obecnoscig NTP u dzieci. Bazy byly przeszukiwane przez
wszystkich autorow niezaleznie. Sposrod 3076 rekordow do meta-analizy wlaczono 13 badan
opublikowanych w latach 2005-2024 (12 badan autoréw polskich, jedno badanie autoréw
chinskich), w ktoérych wzigto udziat tacznie 1306 pacjentéw (745 dzieci z NTP 1 561 zdrowych
0sOb z grupy kontrolnej). Dane zostaly przeanalizowane przy uzyciu programu Review
Manager. Do oceny r6znic w markerach stanu zapalnego wykorzystano usredniong réznice
(MD) z 95% przedziatem ufnosci (95CI). Ryzyko btedu systematycznego (bias) oceniono przy
pomocy skali Newcastle-Ottawa.

Pomiedzy dzie¢mi z NTP a grupa kontrolng stwierdzono istotne rdznice w st¢zeniu
biatka C-reaktywnego o wysokiej czutosci (hsRCP) (513 dzieci z NTP, 445 dzieci zdrowych,
MD: 0,07 mg/dl, 95CI: 0,04, 0,09), stezeniu czasteczki adhezji miedzykomorkowej 1 (ICAM-
1) (81 dzieci z NTP, 169 dzieci zdrowych, MD: 85,28 ng/ml 95CI: 50,57-119,99), czasteczki
adhezji komorek naczyniowych 1 (VCAM-1) (81 dzieci z NTP, 169 dzieci zdrowych, MD:
259,78 ng/ml 95CI: 22,65-496,91), w liczbie neutrofilow (364 dzieci z NTP, 169 dzieci
zdrowych, MD: 0,90 x 10°/fl 95CI: 0,66—1,14), liczbie monocytow (191 dzieci z NTP, 104
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dzieci zdrowych, MD: 0,08 x 103/f1 95CI: 0,04—0,11), liczbie ptytek krwi (421 dzieci z NTP,
194 dzieci zdrowych, MD: 20,24 0,08 x 10°/fl 95CI: 4,27-36,21), wskazniku neutrofilowo-
limfocytarnym (NLR) (392 dzieci z NTP, 194 dzieci zdrowych, MD: 0,48 95CI: 0,34-0,62)
oraz wskazniku limfocytarno-monocytowym (LMR) (191 dzieci z NTP, 104 dzieci zdrowych,
MD: 0,52 95CI: —1,02—0,02). Nie stwierdzono r6znic w zakresie st¢zenia interleukiny 6 (IL-
6), liczby limfocytow, $redniej objetosci ptytek krwi (MPV) ani wskazniku ptytkowo-
limfocytarnym (PLR).

Na podstawie przeprowadzonej meta-analizy wyciggnetam wnioski, ze niektore tatwo
dostepne markery subklinicznego stanu zapalnego (st¢zenie hsCRP, czastek adhezyjnych,
liczba neutrofiléw, monocytow, ptytek krwi i wskazniki NLR oraz LMR) moga by¢
wykorzystywane jako dodatkowe narzedzie do diagnozowania i badan przesiewowych
w kierunku nadci$nienia tetniczego u dzieci. Nie ma watpliwosci, ze wyniki te powinny zostac¢

zweryfikowane w dalszych badaniach prospektywnych.

6.2. Publikacja druga

Katarzyna Dziedzic-Jankowska, Adam Bujanowicz, Michal Szyszka, Anna Stelmaszczyk-
Emmel, Piotr Skrzypczyk. Subclinical inflammation in paediatric patients with primary

hypertension and white coat hypertension. Pediatr Med Rodz 2024; 20 (2): 215-224.

Celem pracy byla ocena nasilenia subklinicznego stanu zapalnego u pacjentow
z nadci$nieniem tetniczym pierwotnym (NTP) i nadci$nieniem biatego fartucha (WCH). Praca
miala charakter przekrojowy jednoosrodkowy. W grupie 56 nieleczonych pacjentéw
pediatrycznych z NTP (15,3 (13.9-16,8) lat), 40 z WCH (15,9 (12,3-17,3) lat) i 30 zdrowych
dzieci - grupa kontrolna (GK) (14,5 (13,8-15,9) lat) ocenitam st¢zenie wysoko czutego biatka
C-reaktywnego (high sensitivity C-reactive protein, hsCRP) i interleukiny 18 (IL-18), markery
stanu zapalnego pochodne morfologii krwi, ci$nienie te¢tnicze w pomiarze gabinetowym
1 w pomiarze calodobowym oraz wybrane parametry kliniczne i biochemiczne.

Wykazatam, ze stezenie hsCRP bylo istotnie wyzsze u nieleczonych pacjentow z NTP
w poroéwnaniu z GK przy braku réznic pomigdzy dzie¢mi z NTP a WCH (NTP vs. WCH vs.
GK: 2,9 [1,5-7,3] vs. 1,4 [0,6-6,0] vs. 0,9 [0,5-1,9] [mg/l], p=0,002), liczba neutrofilow 1
monocytow byta istotnie wyzsza u pacjentow z NTP 1 WCH w poréwnaniu z GK: neutrofile

(NTP vs. WCH vs. GK: 3,89%1,44 vs. 3,40+1,75 vs. 2,63+0,96 [x 103/ul], p=0,001), monocyty
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(NTP vs. WCH vs. GK: 0,53 [0,45-0,65] vs. 0,50 [0,40-0,63] vs. 0,44 [0,35-0,53] [x 10°/ul],
p=0,026). Analiza krzywej ROC (receiver operating characteristic) wykazata dobry profil
prognostyczny jako predykatorow NTP dla hsCRP (AUC: 0,668, p=0,0005), liczby neutrofilow
(AUC: 0,691, p=0,0001), limfocytow (AUC: 0,615, p=0,0230), monocytéw (AUC: 0,622,
p=0,0148) 1 ptytek krwi (AUC: 0,606, p=0,0364), a takze wskaznika neutrofilowo-
limfocytarnego (NLR) (AUC: 0,619, p=0,0181), wskaznika monocytowo-neutrofilowego
(MNR) (AUC: 0,617, p=0,0204) oraz wskaznika ptytki krwi — $rednia objeto$¢ plytki
(PMPVR) (AUC: 0,606, p=0,0370). W analizie wieloczynnikowej wskaznik monocytowo-
limfocytarny (MLR) 1 liczba plytek krwi byly istotnymi predykatorami ci$nienia
rozkurczowego w pomiarze gabinetowym (odpowiednio: =0,217, p=0,011 i B=0,191,
p=0,027), liczba neutrofilow byta predykatorem dla 24-godzinnego cis$nienia skurczowego
(B=0,365, p=0,005), MLR, liczba limfocytow, stezenie interleukiny 18 (IL-18) i NLR — dla 24-
godzinnego cis$nienia rozkurczowego (odpowiednio: f=0,305, p=0,002; =0,253, p=0,010;
=—0,197, p=0,019; p=—0,189, p=0,029), a liczba neutrofilow i IL-18 — dla 24-godzinnego
ci$nienia $redniego (f=0,210, p=0,027, =—0,209, p=0,012).

Przeprowadzone badania pozwolity na sformulowanie wniosku, ze pacjenci
z nadci$nieniem tetniczym pierwotnym i pacjenci z nadci$nieniem te¢tniczym biatego fartucha
charakteryzuja si¢ podobnym nasileniem subklinicznego stanu zapalnego, istotnie wyzszym
w poréwnaniu ze zdrowymi rowiesnikami.

Ponadto potwierdzone zostaly wyniki z meta-analizy, Zze wskazniki pochodne
morfologii krwi, zwlaszcza liczba neutrofilow iwskaznik MLR, moga by¢ istotnym

uzupetnieniem oceny stanu klinicznego pacjentéw pediatrycznych z NTP.

6.3. Publikacja trzecia

Katarzyna Dziedzic-Jankowska, Radostaw Pietrzak, Michal Szyszka, Adam Bujanowicz,
Anna Stelmaszczyk-Emmel, Bozena Werner, Piotr Skrzypczyk. Monocyte-to-Neutrophil
Ratio as an Immunological Marker of Left Ventricular Hypertrophy in Children with

Primary Hypertension. J Clin Med 2025; 14(11): 3896.
Celem pracy bylo zbadanie zwigzku migdzy subklinicznym stanem zapalnym

a przerostem migsnia lewej komory serca (ang. left ventricular hypertrophy - LVH) u pacjentow

pediatrycznych z NTP. Praca miata charakter jednoosrodkowy przekrojowy.
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W pracy zbadalam u 34 nieleczonych dzieci z NTP (15,1£2,1 lat, 28 chlopcéw,
6 dziewczynek) markery subklinicznego stanu zapalnego: st¢zenie hsCRP, interleukiny 18
1 wskazniki pochodne morfologii krwi, parametry lewej komory ocenione w badaniu
echokardiograficznym oraz ci$nienie t¢tnicze w pomiarze gabinetowym i1 calodobowym
pomiarze ambulatoryjnym, a takze wybrane parametry kliniczne i biochemiczne.

Przerost lewej komory stwierdzono u 12/34 (35,3%) chorych z NTP, a nieprawidtowa
wzgledng grubos¢ $ciany lewej komory (relative wall thickness — RWT >0,42) stwierdzono
u 6/34 (17,6%) dzieci. W badanej grupie 34 dzieci wymiar koncowo-rozkurczowy wymiar
lewej komory (ang. left ventricular end-distaolic diameted - LVEDd Z-score) korelowat
ujemnie z liczbg neutrofilow (r=-0,583, p=0,001), wskaznikiem neutrofilowo-limfocytarnym
(NLR) (r=-0,562, p=0,002) 1 dodatnio ze wskaznikiem monocytowo-neutrofilowym (MNR)
(1=0,605, p=0,001); indeks masy lewej komory (left ventricular mass index - LVMI [g/m?])
korelowal dodatnio ze wskaznikiem MNR (r=0,433, p=0,011); wartos¢ RWT korelowata
dodatnio z liczba neutrofilow (r=0,356, p=0,039) oraz z liczba monocytow (r=0,378, p=0,027).
Pacjenci z przerostem lewej komory w porownaniu do chorych bez przerostu lewej komory
cechowali si¢ istotnie nizszym wskaznikiem NLR (1,43010,409 vs. 1,797+0,521, p=0,043)
1istotnie wyzszym wskaznikiem MNR (0,171+0,031 vs. 0,144%0,037, p=0,042). Analiza
krzywej ROC wykazata dobre profile diagnostyczne dla MPV (AUC: 0,729, p=0,014), NLR
(AUC: 0,697, p=0,040) i MNR (AUC: 0,701, p=0,025) jako predykatoréw LVH. W analizie
wieloczynnikowej wykonanej metodg regresji logistycznej jedynym istotnym czynnikiem
predykcyjnym dla przerostu lewej komory byt wskaznik MNR (OR: 1,329, 95CI: 1,007-1,756).
W analizie ROC punktem odcigcia wartosci MNR zwigkszajacym istotnie ryzyko przerostu
lewej komory serca byta wartos¢ 0,163.

W oparciu o przeprowadzone badania sformutowatam wniosek, ze istnieje dodatnia
zaleznos$¢ pomiedzy nasileniem subklinicznego stanu zapalnego a masg migs$nia lewej komory
a wskaznik monocytowo-neutrofilowy moze by¢ markerem przerostu migsnia lewej komory

serca u dzieci z nadci$nieniem tgtniczym pierwotnym.
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6.4. Publikacja czwarta

Katarzyna Dziedzic-Jankowska, Michal Szyszka, Adam Bujanowicz, Anna Stelmaszczyk-
Emmel, Piotr Skrzypczyk. Blood Pressure Variability and Low-Grade Inflammation in

Pediatric Patients with Primary Hypertension. J Clin Med 2025; 14(16): 5737.

Celem pracy byta analiza zwigzku pomie¢dzy zmienno$cia ci$nienia tetniczego (blood
pressure variability — BPV) a subklinicznym stanem zapalnym u dzieci z nadci$nieniem
tetniczym pierwotnym.

Praca miata charakter przekrojowy jednoosrodkowy. Przebadatam 56 nieleczonych
wcezesniej pacjentow pediatrycznych z NTP (15,1£2,1 lat) i 30 zdrowych dzieci (14,9%1,4
roku), u ktérych ocenitam parametry zmiennos$ci wyliczone w oparciu o catodobowa rejestracje
ci$nienia tetniczego (ABPM): spadek nocny cisnienia tetniczego (BP DIP), odchylenie
standardowe pomiaréw cis$nienia tetniczego (ang. standard deviation - SD), stosunek ci$nienia
tetna do skurczowego cisnienia krwi (24 h PP/SBP), wskaznik rate-pressure index (24h RPI),
24-godzinng wazong zmienno$¢ ci$nienia tg¢tniczego (24h WSBPV, 24h  WDBYV,
24h WMAPYV), wspotczynnik zmiennosci (24h CoVSBP, 24h CoVDBP, 24h CoVMAP),
wskaznik sztywnos$ci tetnic (ang. ambulatory arterial stiffness index - AASI) oraz poranny
wzrost ci$nienia tetniczego (blood pressure surge). Przeanalizowatam réwniez wskazniki
subklinicznego stanu zapalnego: st¢zenie hsCRP, stezenie interleukiny 18 i markery pochodne
morfologii krwi oraz cis$nienie tg¢tnicze w pomiarze gabinetowym i1 w badaniu ABPM.
Jako zaburzony profil dobowy ci$nienia przyjetam spadek nocny cisnienia mniejszy niz 10%
wartos$ci dziennych.

Wykazatam, ze pacjenci z NTP w porownaniu do dzieci zdrowych cechowali sie
wyzszymi nast¢pujagcymi wskaznikami zmiennoSci ci$nienia tetniczego: 24h ABPM SBP SD
(13,7%2,5 vs. 12,6%1,8, p=0,036), 24h ABPM MAP SD (11,4%2,6 vs. 10,0£1,9, p=0,009), 24h
RPI (10352+1584 vs. 846611203, p<0,001), 24h WSBPV (11,4£1,8 vs. 10,3£1,8, p=0,009),
24h WDBYV (9,6%1,7 vs. 8,7+1,8, p=0,033), 24h WMAPV (9,2+1,6 vs. 8,0+1,7, p=0,002) i 24h
CoVSBP (10,2+1,9 vs. 11,1£1,6, p=0,012). W analizie wieloczynnikowej w grupie dzieci
z nadcis$nieniem tetniczym pierwotnym wskaznik MNR byt istotnym predykatorem 24h ABPM
MAP SD (p=0,290, p=0,030), 24h RPI (f=-0,348, p=0,005) i 24h WDBPV (B= 0,286,
p=0,028); liczba monocytow byla predykatorem 24h RPI (B= 0,281, p=0,023), a hsCRP
byl predykatorem 24h WDBV (B= 0,310, p=0,018). Analiza ROC wykazata, ze liczba

limfocytow byla istotnym czynnikiem prognostycznym zaburzonego profilu dobowego
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ci$nienia tetniczego u dzieci z NTP (AUC: 0,656, p=0,037, punkt odcigcia: 2,59 [x103/uL]).
Moje badania pozwolily mi sformutowaé wnioski, ze dzieci z nadci$nieniem tetniczym
pierwotnym cechuja si¢ wyzszg zmiennos$cig ci$nienia t¢tniczego w poréwnaniu do zdrowych
rowiesnikéw. Zmienno$¢ cisnienia tetniczego zarowno u dzieci zdrowych jak i u dzieci z NTP
wigze si¢ z nasileniem subklinicznego stanu zapalnego przy czym wskaznik monocytowo-
neutrofilowy wydaje si¢ by¢ najlepszym markerem zmiennosci ci$nienia tetniczego u dzieci
z NTP. Ponadto podwyzszona liczba limfocytow moze by¢ markerem zaburzonego profilu

dobowego cisnienia tetniczego u dzieci z NTP.
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Abstract: Background/Objectives: This systematic review and meta-analysis aimed to
determine whether there is an association between low-grade inflammation markers and
primary hypertension (PH) in children. Methods: The MEDLINE, EMBASE, and Cochrane
databases were searched up to March 2025 for cohort, cross-sectional, and case—control
studies; additional references were obtained from reviewed articles. The studies needed
to investigate an association between any inflammation markers and PH. Participants of
the study were children (<18 years old) with PH and healthy controls. This meta-analysis
included 13 studies published between 2005 and 2024, enrolling 1306 patients (745 with
PH and 561 healthy controls). The data were analyzed using Review Manager. Pooled
mean difference (MD) with a 95% confidence interval (95% CI) was used to assess the
differences in inflammation markers. Results: There was a significant difference between
hypertensive and control groups in high-sensitivity C-reactive protein (hs-RCP) concen-
tration (mean difference (MD): 0.07 95%CI (0.04, 0.09)), intercellular adhesion molecule
1 (ICAM-1) (MD: 85.28 95%CI: (50.57-119.99)), vascular cell adhesion molecule 1 (VCAM-1)
(MD: 259.78 95%Cl: (22.65-496.91)), neutrophil count (MD: 0.90 95%CI (0.66-1.14)), mono-
cyte count (MD: 0.08 95CI%: (0.04-0.11)), platelet count (MD: 20.24 95CI%: (4.27-36.21)),
neutrophil-to-lymphocyte ratio (MD: 0.48 95%CI: (0.34-0.62)), and lymphocyte-to-monocyte
ratio (MD: —0.52 95%CI: (—1.02——0.02)). There was no difference in terms of interleukin
6 (IL-6), lymphocyte count, mean platelet volume (MPV), or platelet-to-lymphocyte (PLR)
ratio. Conclusions: Some easily accessible markers of low-grade inflammation might be
used as an additional tool for diagnosis and screening for hypertension in children. These
results should be validated in large and well-conducted studies.

Keywords: meta-analysis; primary hypertension; children; subclinical inflammation; biomarkers

1. Introduction

Arterial hypertension (AH) is a global public health problem and one of the most
common chronic diseases worldwide [1]. Also, according to a recent systematic literature
review, its prevalence in developmental age is estimated at 4.0% [2]. Primary hypertension
(PH) is a dominant form of arterial hypertension in adults. In contrast, in children and
adolescents, secondary causes are found in approximately half of the individuals with
elevated blood pressure [3]. PH is by far the most common form of AH in adolescents [4].
Of note, the prevalence of PH in children and teenagers is rising in many countries as a

J. Clin. Med. 2025, 14, 2319

42 https://doi.org/10.3390 /jcm14072319


https://doi.org/10.3390/jcm14072319
https://doi.org/10.3390/jcm14072319
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-8123-2126
https://orcid.org/0000-0002-1959-8255
https://doi.org/10.3390/jcm14072319
https://www.mdpi.com/article/10.3390/jcm14072319?type=check_update&version=1

J. Clin. Med. 2025, 14, 2319

20f 18

consequence of the increasing prevalence of obesity, a sedentary lifestyle, and an unhealthy
diet rich in fat, simple sugars, and primarily excessive salt intake.

Primary hypertension is not only a cardiovascular disease but also a multisystem disor-
der with complex, only partially uncovered, pathogenesis. Genetic and environmental fac-
tors activate numerous systems, including the sympathetic, renin-angiotensin—aldosterone,
and immune system, which lead to blood pressure elevation and the development of
hypertension-mediated organ damage (HMOD) [5].

The role of immune system activation in the pathogenesis of primary hypertension has
been extensively studied for the last 20 years [6]. Low-grade (subclinical) inflammation is
involved in the pathogenesis of endothelial dysfunction, leading to structural and functional
changes in the endothelium, often in the early stages of hypertension. Also, the immune
system is considered one of the factors responsible for salt sensitivity, exacerbation of
arterial hypertension, and formation of HMOD [7].

There are a lot of studies concerning adults that show that acute phase proteins, in-
cluding high-sensitivity C-reactive protein (hs-CRP), interleukins (IL)-IL-6, IL-18, and other
inflammatory markers, e.g., complete blood count-derived indicators such as neutrophil-
to-lymphocyte ratio (NLR) or platelet-to-lymphocyte ratio (PLR), are early markers of the
immune system activation in PH and have been associated with different cardiovascular
diseases and their complications [8-13].

Not much is known about the relationship between subclinical inflammation and
primary hypertension in the pediatric population or about the usefulness of the markers
mentioned above in young hypertensive patients. Single, small, case—control pediatric
studies preclude drawing conclusions on this topic [14].

Thus, we conducted a systematic review to summarize existing evidence on the
association between subclinical inflammation and PH in pediatric patients.

2. Materials and Methods

This systematic review of observational studies investigated the association between
subclinical inflammation markers and PH in pediatric patients. Our work was performed
following the recommendations of the 2020 Preferred Reporting Items for Systematic Re-
view and Meta-analysis (PRISMA) guidelines [15] and using the Cochrane Handbook for
Systematic Reviews guidelines. The study protocol was registered in the International
Prospective Register of Systematic Reviews at the National Institute for Health Research
and Centre for Reviews and Dissemination of the University of York (PROSPERO reg-
istration number: CRD42022377144); no amendments were made to the protocol since
its registration.

2.1. Criteria for Considering Studies for This Review

We included observational studies: cohort, cross-sectional, and case—control studies.
The included studies needed to investigate an association between any inflammation
markers and PH defined by the authors in pediatric patients.

2.2. Search Methods for Identification of Studies

The Cochrane Central Register of Controlled Trials (CENTRAL), Pubmed, and EM-
BASE databases were searched for relevant studies up to March 2023, and then the search
was updated until March 2025. Three reviewers (KD, MK, PS) independently carried out
the search without any language restrictions. For the search strategy, please see Table S1.

2.3. Study Selection and Analysis

The titles of identified studies and the abstracts of relevant articles were screened.
Full texts were retrieved for each study potentially relevant for inclusion. The articles’
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eligibility and the whole study identification and screening process were assessed indepen-
dently by three authors (KD, MK, and PS). In case of disagreement, it was resolved by the
discussion process.

2.4. Data Extraction and Management

Using a standard data extraction form, three reviewers (KD, MK, and PS) indepen-
dently extracted information from each included study. The extracted data included author,
year, study design, country, number of participants, analyzed markers of subclinical inflam-
mation, preliminary hypertension definition, and results.

2.5. Risk of Bias Assessment

The risk of bias was assessed using the Newcastle-Ottawa Scale (NOS) [16]. Three
reviewers (KD, MK, and PS) independently performed the assessment, with disagreements
resolved by discussion. The NOS tool uses a “star system” in which a study is evaluated
based on the following criteria of study group selection (4 items, equal to 4 stars), compara-
bility of groups (2 items), and ascertainment of either the exposure or outcome (3 items).
Overall, the Newcastle-Ottawa Scale scores vary between 0 and 9 (9 is the highest level
of quality).

The literature analysis involved independent experts to minimize the risk of bias
further. An independent recognized expert from the Systematic Reviews Unit, Jagiellonian
University Medical College, Krakow, Poland (MK) prepared the search strategy. In ad-
dition, three independent researchers involved in arterial hypertension, pediatrics, and
research methodology from the Department of Pediatrics (JL), Department of Pediatrics
and Nephrology (BL), and Department of Internal Medicine, Hypertension and Vascular
Diseases, Medical University of Warsaw (PS), Warsaw, Poland, were asked to analyze the
selection of the papers included in the meta-analysis. The experts had access to the search
strategy and had the complete list of analyzed manuscripts and full texts of the documents
included in the meta-analysis. All three experts approved the selection of the papers in
complete agreement.

2.6. Data Synthesis and Analysis

The data were analyzed using Review Manager (RevMan Version 5.4.1 Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, London, UK, 2014). Pooled
mean difference (MD) with a 95% confidence interval (95% CI) was used to assess the
differences in inflammation markers levels between the patients with HP and the control
groups. Heterogeneity across the included studies was calculated using I? statistics and the
Q test. The I? values showed serious (I = 75-100%), high (2 = 50-74.9%), moderate (I> =
25-49.9%), low (I? = 0.1-24.9%), and no (12 = 0) heterogeneity. For all analyses, we used the
random-effect model. The missing means and standard deviations (SDs) were estimated
using the formula recommended by Hozo et al. [17].

3. Results

For a flow diagram documenting the identification process for eligible trials, please see
Figure 1. Characteristics of the included RCTs are presented in Table 1, and characteristics
of the excluded trials are shown in Table S2.

We included 13 studies published between 2005 and 2024, enrolling 1306 patients
(745 with PH and 561 healthy controls) [14,18-28]. The sample size ranged from 20 to
143 participants. Twelve studies were conducted in Poland and one in China.
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Identification of studies via databases and registers

Records identified from: Records removed before
g Databases (n = 3076): screening:
= - Embase: 1602 Duplicate records removed
3 - Pubmed: 1103 " (n =578)
s - Central Cochrane: 371 Records marked as ineligible
5 - Personal by automation tools (n = 0)
= communication: 1 Records removed for other
reasons (n =0)
\ 4
SRR
Records screened Records excluded
-
(n =2498) (n=2471)
Y
Reports sought for retrieval Reports not retrieved
= —>
> (n=27) (n=0)
=
8
3]
@» v
Reports assessed for eligibility Reports excluded: 14
(n=27) E— Lack of control group (n = 5)
Other causes of arterial
hypertension (n = 3)
Adult population (n = 2)
No hypertension in the study
group (n = 1)
No diagnosis for secondary
causes of hypertension
(n=3)
° Studies included in review
3 (n=13)
° Reports of included studies
= (n=0)
Figure 1. Study flow diagram according to [15].
Table 1. Characteristics of the included studies.
Author, Stud Preliminary
Publication Desi );1 Country Population (n) Markers Hypertension Results
Year (Ref.) €s1g Definition
hs-CRP (mg/L), .
IL-18 (pg/mL), hs-CRP (2.9 .
neutrophils (1.5—7.3)tvs. }(::? (0,5—t1.9)),
9 . . neu I‘Op 11 coun
. . (10°/L), Arterial hypertensmn (3.89 + 1.4 vs. 2.63 + 0.96;
Dziedzic- Untreated lymphocytes was diagnosed —0.001), monocyte
Jankowska Case—control Poland children with PH (10°/L), according to the ESH C’; _nt. © 5:;) © 45—0y65)
etal. [29] n=56,CGn=230 monocytes 2016 guidelines and VL; 0 44 03 4_0 53')‘
(10°/L), platelets confirmed by ABPM S 0 026) we.re ’
(10° /L), MPV (fL), P ol Moo
NLR. PLR. LMR significantly higher in
MN,R PI\;IPVR ! children with PH
Arterial hypertension hs-CRP concentration was
Gackowska hilgrntrievitiiﬁ PH a V\;ifiglatgn t(l)fe%SH significantly higher in
etal., 2020 Case—control Poland ¢ ¢ hs-CRP (mg/dL) ceording 1o the children with PH
n=33,CG 2016 and American 2004
[14] A 0.7+ 0.7vs. 0.4 +0.1;
n =35 guidelines and = 0.02)
confirmed by ABPM p=0

45



J. Clin. Med. 2025, 14, 2319

50f18

Table 1. Cont.

Author, Stud Preliminary
Publication Desi };1 Country Population (n) Markers Hypertension Results
Year (Ref.) & Definition
hs-CRP (1.7 £ 0.9
vs. 0.9 £+ 0.4; p <0.001),
. . Arterial hypertension IL-6 (2.1 (0.7-14.8) vs. 1.2
Chlldfi ‘é\gth PH hs-CRP (mg/L),  was recognized based on (0.1-3.6); p < 0.001),
Garanty- CGn= 1’ 13 IL-6 (pg/mL), ABPM when 24 h ICAM-1 (331.2 +138.3
Bogacka etal,  Case—control Poland No da;a on ICAM-1 (ng/mL), systolic and/or diastolic vs. 230.9 £ 109.3;
2005 [18] anti-hvpertensive VCAM-1 BP values exceed 95 th p <0.001) and VCAM-1
treyar;ment (ng/mL) percentile for sex and (1258.1 + 368.3
height vs. 872 £ 439.1; p < 0.001)
were significantly higher
in children with PH
. . ICAM-1 (319.6 + 137
Children with PH Arterial hypertension  "o555 43— 0.02),
) ICAM-1 (ng/mL), was diagnosed when
Glowinska- n=31 o VCAM-1 (540.7 £+ 209
VCAM-1 at least 30% of the 24 h
Olszewska CGn=26 . vs. 396.8 = 57; p = 0.02)
Case—control Poland (ng/mL), ABPM recordings .
et al., 2007 No data on . and E-selectin (87.4 + 28
. . E-selectin exceeded the 95th
[19] anti-hypertensive . vs. 65.4 £ 22; p = 0.001)
(ng/mL) percentile, matched L .
treatment for age and gender were significantly higher
8 8 in children with PH
hs-CRP (mg/dL), Arterial hypertension hs-CRP (2.22 4 5.03
5 . . vs. 0.32 £ 0.42; p =0.004),
WBC (10° /L), was defined as systolic WBC (7.65 & 2.27
neutrophils and/or diastolic vs. 6.70 + 1’71. _'0 017)
(10°/L), pressure >95 th o L ’
Hou et al Untreated lymphocytes ercentile for sex, age neutrophil count
2021 [20]., Case—control China children with PH y (1%9 /L})/ l; d height accor ding t, (4.62+1.72
n=65,CGn =54 ’ é 5 80 s 377 £ 1.27;p = 0.003)
monocytes the reference values of nd NLR (2.18 + 1.12
(10°/L), platelets  the Chinese Child Blood vg 1.68 40 75'. -0 '005)
(10°/L), NLR, Pressure References wéré signi ﬁ.car;ﬁy_hi.gher
PLR, LMR Collaborative Group in children with PH
Arterial hypertension
Kolakowsk Untreated was confirmed by hs;CRé’l(;?g 1(2'_5()45(1)j33)
olaxowska children with PH ABPM (24 h SBP or DBP S: L.t/ T2,
etal., 2018 Case—control Poland = hs-CRP (mg/L) h o f p < 0.01) was significantly
[21] n=>58,CG >95th percentile for higher in children
n=30 gender and height and ith PH
SBP or DBP load > 25%) wi
hs-CRP (mg/L), .
MCP-1 (pg/mL), ;jgsr;’l‘l‘;‘é ‘;gﬁee:’lnge hs-CRP (1.2 + 1.1
MIP-1f3 (pg/mL), taken from the Updated vs. 0.3 & 0.2; p = 0.0001),
Untreated MIP-1« (pg/mL), 4th Task Force Report MIP-14 (117.9 £ 140.6
Litwin et al., Case—control Poland children with PH TNF-« (pg/mL), Diaenosis of artegial : vs. 58.3 £ 21.9; p = 0.04),
2010 [22] n=44,CG angiogenin h 5 tensi and RANTES (19.7 + 25.8
n=30 (ng/mL), IL-6 ypertension was vs.10.7 + 10.6; p = 0.04)
& confirmed by P
(pg/mL), ABPM_SBP and /or were significantly higher
RANTES DBP > 95th percentile in children with PH
(ng/mL) - P '
hs-CRP (mg/L), ~ Arterial hypertension NLR (2.0 + 1.0
) was diagnosed .
neutrophils . vs.1.5 + 0.5; p < 0.05),
3 according to 2016 ESH
Untreated (10°/uL), uidelines, based on PLR (135.6 + 43.2
. . . platelets (103/uL), & . vs.121.4 £ 45.6; p < 0.05)
Musiat et al., | children with PH 1 h three independent omifi ioh
2022 [23] Case—control Poland n="70.CG ymphocytes oscillometric office were significantly higher
* . (103/uL), and LMR (4.0 + 1.4
n=20 blood pressure
monocytes measurements showin. vs. 4.9 £ 1.5; p < 0.05) was
(10%/uL), NLR, lues > 95¢th t'lg significantly lower in
PLR, LMR vaues persentiie children with PH

for age, sex, and height
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Table 1. Cont.

Author, Stud Preliminary
Publication Desi };1 Country Population (n) Markers Hypertension Results
Year (Ref.) & Definition
Neutrophils Arterial hypertension
3 P was defined as systolic S
(10°/uL), . . There were no significant
Skrzypczyk Untreated lymphocytes and/or diastolic differences in evaluated
etal., 2018 Case—control Poland children with PH (103/uL), per}c)gre’lst;i r?orzs?eithage inflammatory markers
/ _ _ 3 , age, : :
[24] n=54,CGn=20 platelets (10°/uL), and height during 24 h between children with PH
NLR, PLR, MPV according to AFIA and the control group
(fL) guidelines
Neutrophil count
39+1.7vs.3.0+£1.0;
Children with PH nfﬁ)tgr?piils pe 0'(2(2);)1’ 3 litzlzegcount
Skrzvpezvk n=119 lvmph K t, Arterial hypertension v 256 34 6'0 3
ypezy (55/119 on Y p3 peyies was diagnosed > 20 g
etal., 2021 Case—control Poland . (10°/uL), . . p=0.047), NLR (1.9 £ 1.5
[25] pharmacological Jatelets (10° /L) according to Polish 2019 vs. 13 + 0.4; p = 0.01) and
- treatment), P K guidelines T S
CGn =45 NLR, PLR, MPV PLR (131.4 £419
= (fL) vs. 114.7 + 37.6; p = 0.02)
were significantly higher
in children with PH
Skrzvpezvk Untreated Arterial hypertension No Slgﬁfg}aar&g;égerences
et alyp202yZ Case—control Poland children with PH NLR, PLR, MPV was diagnosed inflammatory markers
Y n=28, (fl) according to Polish 2019 rory .
[26] A between children with PH
CGn=25 guidelines
and the control group
Arterial hypertension
was diagnosed
Trojanek Untreated according to the 2016 s %sigipo((i';z :E %})%01)
etal., 2019 Case—control Poland children with PH hs-CRP (mg/L) ESH guidelines and Ve D p = DU
_ _ > was significantly higher in
[27] n=80,CGn=78 confirmed by 24 h children with PH
ambulatory blood
pressure monitoring
hs-CRP (0.66 (0.76-1.19)
Arterial hypertension vs. 0.17 (?'141_0'31);
di d wh p < 0.01), platelet count
was dlagnosed when (284.5 (265.09-302.98)
Wasilewska Untreated hs-CRP (mg/L), SBP or DBP was >95th v 2'45 (232' 750 6é 2);
etal., 2010 Case—control Poland children with PH  platelets (10°/uL), percentile (according to <s.0 05) an d. MPV ('11 ’3
[28] n=>57,CGn=25 MPV (fL) Polish normative p== :

values) and confirmed
by 24 h ABPM

(10.94-11.37) vs.10.3
(10.09-10.77); p < 0.01)
were significantly higher
in children with PH

ABPM—ambulatory blood pressure monitoring, AHA—American Heart Association, CG—control group,
DBP—diastolic blood pressure, ESH—European Society of Hypertension, hs-CRP—high sensitivity c-reactive pro-
tein, ICAM-1—intercellular adhesion molecule 1, IL-6—interleukin 6, IL-18—interleukin 18, LMR—Ilymphocyte-
to-monocyte ratio, MCP-1—monocyte chemoattractant protein 1, MIP-1a—macrophage inflammatory protein
1o, MIP-13—macrophage inflammatory protein 13, MNR—monocyte-to-neutrophil ratio, MPV—mean platelet
volume, NLR—neutrophil-to-lymphocyte ratio, PH—primary hypertension, PLR—platelet-to-lymphocyte ra-
tio, PMPVR—platelet-to-mean platelet volume ratio, RANTES—regulated on activation, normally T-expressed,
SBP—systolic blood pressure, TNF-x—tumor necrosis factor «, VCAM-1—vascular cell adhesion molecule 1;
WBC—white blood cells.

3.1. Risk of Bias of Included Studies

Overall, the included studies were at moderate risk of bias. Table 2 shows the risk of
bias summary and judgments about each risk of bias domain per included study. A high
risk of bias was observed in two domains concerning the selection and definition of control
groups. In two studies, the control group consisted of hospital patients [21,28]. Also, seven
studies did not describe the source of the control group [18,22-26,29]. Ten studies showed
no adjustments for body mass index [14,20-26,28,29].
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Table 2. Risk of bias summary for case—control studies. Adapted from Newcastle-Ottawa scale
(retrieved from http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed on
27 December 2024)).

Quality Assessment Criteria

[0Z] T20T ‘Te 32 noH
[L2] 8T0TT® 12 B3[SMmOd[e10)]

Criterion to be Fulfilled to Award Asterix (*)

[#1] 020T 'Te 32 B[smoXPED)
[2Z] 0TOT TR 3 UIMIr]

[£2] T20TTe 12 FeISnN

[¥2] 8T0T 'Te 13 MAzodAzig
[s2] 120T T 39 AZodAZIg
[92] 20z Te 12 MAzodAzn]g
[£2] 6T0T T® 32 >jduefox],
[82] 0T0T'[E 19 BSMI[ISEM

[S81] 00T Te 32 ePES0g-Ajueies

[62] ‘Te 13 eysmod[ue(-d1Zpalz(q
[61] 00T ‘T 13 BYSMIZS[Q-BISUIMO}D)

Is the case definition adequate?

(a) Yes, with independent validation *
(b) Yes, e.g., record linkage or based on self-reports oo
(c) No description

M
%
M
M
%
M
*
M
M
*
M

Representativeness of the cases

(a) Consecutive or obviously representative series of cases * ., , . . & & x % % £ % x =
(b) Potential for selection biases or not stated

(a) Community controls *

Selection of controls (b) Hospital controls ¢c * ¢ * * b c ¢c c c c * b
(c) No description
- - e
Definition of controls (2) No hlstor.y (.)f disease (endpoint) ** b b * * * * b b b b *
(b) No description of source
Comparability of cases and (a) Study controls for presence of primary hypertension* e x we o % % o % % % x s x

controls on the basis of the
design or analysis

(b) Study controls for body mass index *

Ascertainment of exposure

(a) Secure record (e.g., surgical records) *

(b) Structured interview blind to case/control status *
(c) Interview not blinded to case/control status

(d) Written self-report or medical record only

(e) No description

Same method of ascertainment
for cases and controls

*
(a) Yes * * * * * * * * * * * * *

(b) No

Non-response rate

(a) Same rate for both groups *
(b) Non-respondents described
(c) Rate different and no designation

Total score 7 8 7 8 8 7 7 7 6 6 6 8 7

*—the publication meets the criterion with an asterix, **—publication meets the criteria “a” and “b”, b—the

“_

publication meets the criterion “b”, c—the publication meets the criterion “c”.

3.2. High-Sensitivity C-Reactive Protein

This marker was evaluated in nine studies [14,18,20-23,27-29] including 958 participants,
with 513 children with PH and 445 controls. Hs-CRP was measured using the nephelometric
method [21,23,28], the immunoturbidimetric method [14,18,22], and the enzyme-linked
immunoassay (ELISA) method [29]. The method was not specified in the studies by
Trojanek and Hou. The unit of hs-CRP was (mg/L) in all studies except for the studies
by Hou and Gackowska (both (mg/dL)). We recalculated all hs-CRP values to mg/dL.
Hs-CRP was reported as mean & SD except for the studies by Wasilewska and Kotakowska,
where the authors provided only medians, and mean and SD values were calculated using
the Hozo method [17]. The pooled results of hs-CRP (mg/dL) showed a significant increase
in hs-CRP concentrations in the PH group, where MD: 0.07 95%CI: (0.04-0.09). There was
significant heterogeneity (I? = 98%) (Figure 2a).
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a
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Random, 95% CI
Hou 2021 2.22 5.03 65 0.32 0.42 54 0.0% 1.90 [0.67, 3.13] 4
Gackowska 2020 0.7 0.7 33 0.4 0.1 35 1.1% 0.30 (0.06, 0.54]  —
Dziedzic—Jankowska 2024 0.49 0.52 56 0.28 0.54 30 1.1%  0.21[-0.03, 0.45] T
Musial 2022 0.142 0.124 70 0.069 0.067 20 12.5% 0.07 [0.03, 0.11] -
Litwin 2010 0.12 0.11 44 0.03 0.02 30 14.1% 0.09 (0.06, 0.12] -
Garanty-Bogadzka 2005 0.17 0.09 50 0.09 0.04 143 15.6% 0.08 [0.05, 0.11] -
Kolakowska 2018 0.105 0.02 58 0.017 0.001 30 18.5% 0.09 [0.08, 0.09] -
Trojanek 2019 0.032 0.018 80 0.012 0.013 78 18.5% 0.02 (0.02, 0.02] -
Wasilewska 2010 0.066 0.0108 57 0.0198 0.0043 25 18.6% 0.05 [0.04, 0.05] -
Total (95% CI) 513 445 100.0% 0.07 [0.04, 0.09] L 2
Heterogeneity: Tau? = 0.00; Chi’ = 384.73, df = 8 (P < 0.00001); I* = 98% + + + +
i -0.5 -0.25 0 0.25 0.5
Test for overall effect: Z = 5.32 (P < 0.00001) Control group Primary hypertention
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
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Figure 2. Meta-analysis of the mean value of high-sensitivity C-reactive protein (hs-CRP) (a) and
interleukin 6 (IL-6) (b) [14,18,20-23,27-29].

3.3. Interleukin 6

Interleukin 6 (IL-6) was evaluated in two studies including 267 participants, with
94 children with PH and 173 children in the control group [18,22]. IL-6 was assessed using
the ELISA method [18] and multiplexed bead-based immunoassay method [22], and the
unit was (pg/mL) in both studies. IL-6 was reported as mean =+ standard deviation in the
study by Litwin [22]. In the second study, the authors provided medians, and mean and
SD values were calculated with the Hozo method [17]. The mean value of IL-6 (pg/mL)
did not differ significantly between the groups, where MD: 0.85 95%CI: (—0.13-1.82) and
12 = 0% (Figure 2b).

3.4. Intercellular Adhesion Molecule 1

Intercellular adhesion molecule 1 (ICAM-1) was evaluated in two studies [18,19]
including 250 participants, with 81 children with PH and 169 children in the control group.
ICAM-1 was evaluated using the ELISA method, reported in (ng/mL), and expressed as
mean + SD in both studies. The pooled results showed that the mean value of ICAM-1
(ng/mL) was significantly higher in the hypertension group, where MD: 85.28 95%ClI:
(50.57-119.99); there was no significant heterogeneity between the studies, where I? = 11%
(Figure 3a).

Mean Difference Mean Difference
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Figure 3. Meta-analysis of mean values of intercellular adhesion molecule 1 (ICAM-1) (a) and vascular
cell adhesion molecule 1 (VCAM-1) (b) [18,19].
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3.5. Vascular Cell Adhesion Molecule 1

Vascular cell adhesion molecule 1 (VCAM-1) was also evaluated in two studies [18,19]
including 250 participants, with 81 children with PH and 169 children in the control group.
VCAM-1 was evaluated using the ELISA method, reported in (ng/mL), and expressed as
mean =+ SD in both studies. The pooled results showed that the mean value of VCAM-1 was
significantly higher in the hypertensive children, where MD: 259.78 95%ClI: (22.65-496.91);
there was significant heterogeneity between the studies, where I? = 90% (Figure 3b).

3.6. Neutrophils

This marker was evaluated in five studies [20,23-25,29] including 533 participants,
with 364 children with PH and 169 controls. Neutrophil counts were calculated using
standard hematologic analyzers, expressed in (1000/uL), and reported as mean % SD in all
studies. The pooled mean neutrophil count was significantly higher in the hypertension
group (MD: 0.90, 95% CI: (0.66-1.14), 12 = 0%) (Figure 4a).
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Mean Difference
IV, Random, 95% CI

Dziedzic~Jankowska 2024 3.89 1.44 56 2.63 0.96 30 21.9% 1.26 [0.75, 1.77] . —
Hou 2021 462 1.72 65 3.77 1.27 54 19.6% 0.85 [0.31, 1.39] e
Musial 2022 41 15 70 3.5 11 20 16.0% 0.60 [0.00, 1.20] T =
Skrzypczyk 2018 4.27 1.96 54 3.59 1.16 20 10.7% 0.68 [-0.05, 1.41) T
Skrzypczyk 2021 39 1.7 119 3 1 45 31.8% 0.90 [0.48, 1.32) —

Total (95% CI) 364 169 100.0% 0.90 [0.66, 1.14] -
Heterogeneity: Tau? = 0.00; Chi* = 3.27, df = 4 (P = 0.51); I’ = 0% _32 51 ) 1 é
Test for overall effect: Z = 7.38 (P < 0.00001)

Control group Primary hypertention

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI 1V, Rand 95% CI
Dziedzic~Jankowska 2024 2.44 0.88 56 2.09 0.49 30 18.8% 0.35 [0.06, 0.64] _—
Hou 2021 2.43 0.91 65 2.42 0.76 54 18.2% 0.01[-0.29, 0.31] —_—
Musial 2022 22 07 70 23 0S5 20 19.9% -0.10(-0.37,0.17] —_—
Skrzypczyk 2018 2.22 0.56 54 1.99 0.46 20 21.5% 0.23[-0.02, 0.48] R e —
Skrzypczyk 2021 22 08 119 23 0.7 45 21.6% -0.10([-0.35, 0.15] —_—r
Total (95% CI)

Heterogeneity: Tau® = 0.02; Chi* = 8.56, df = 4 (P = 0.07); I’ = 53%
Test for overall effect: Z = 0.83 (P = 0.40)

364 169 100.0% 0.08 [-0.10, 0.25]

-

-0.5 -025 0 025 0.5
Control group Primary hypertention

C
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% ClI IV, Rand 95% CI
Dziedzic~Jankowska 2024 0.56 0.17 56 0.46 0.14 30 26.7% 0.10 (0.03, 0.17) —_—
Hou 2021 0.46 0.16 65 0.41 0.13 54 44.2%  0.05 [-0.00, 0.10) -
Musial 2022 0.6 0.2 70 0.5 0.1 20  29.1% 0.10 [0.04, 0.16) —_—
Total (95% CI) 191 104 100.0% 0.08 [0.04, 0.11] <t
Heterogeneity: Tau® = 0.00; Chi* = 1.97, df = 2 (P = 0.37); I* = 0% t t t t
Test for overall effect: Z = 4.41 (P < 0.0001) =0 s . o 0.

Control group Primary hypertension
Figure 4. Meta-analysis of mean values of neutrophils (a), lymphocytes (b), and monocytes (c). [20,23-25,29].
3.7. Lymphocytes

This marker was also evaluated in five studies [20,23-25,29] including 533 participants,
with 364 children with PH and 169 children in the control group. Lymphocyte counts were
calculated using standard hematologic analyzers, expressed in (1000/pL), and reported
as mean & SD in all studies, except for the study by Jankowska-Dziedzic (medians and
interquartile ranges (IQRs)) [29]. Pooled analysis of mean lymphocyte count showed no
differences between the groups, where MD: 0.08 95CI%: (—0.10-0.25). The heterogeneity of
the studies was not significant, where 12 = 53% (Figure 4b).

3.8. Monocytes

This marker was evaluated in three studies [20,23] including 265 participants, with
191 children with PH and 104 in the control group. Monocytes were calculated using
standard hematologic analyzers, expressed in (1000/uL), and reported as mean £+ SD
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in two studies and as medians and IQR in one study [29]. The pooled result of mean
monocytes was significantly higher in the PH group, where MD: 0.08 95CI%: (0.04-0.11),
with heterogeneity, where I? = 0% (Figure 4c).

3.9. Platelets

This marker was evaluated in six studies [20,23-25,28,29] including 615 participants,
with 421 children with PH and 195 children in the control group. Platelet counts were cal-
culated using standard hematologic analyzers and expressed in (1000/puL) and reported as
mean + SD in three studies except for the studies by Wasilewska and Dziedzic-Jankowska,
where the authors provided medians and mean and SD values were calculated using the
Hozo method [17]. The pooled result of mean platelets was significantly higher in the PH
group, where MD: 20.24 95CI%: (4.27-36.21), with significant heterogeneity, where I? = 72%
(Figure 5a).

a
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Figure 5. Meta-analysis of mean values of platelets (a) and mean platelet volume (MPV) (b) [20,23-26,28,29].

3.10. Mean Platelet Volume

This marker was evaluated in five studies [24-26,28,29] including 459 participants,
with 314 children with PH and 145 healthy children. Mean platelet volume (MPV) was eval-
uated using standard hematologic analyzers and expressed in all studies as (fL). MPV was
reported as mean + SD except for the study by Wasilewska, where the authors again pro-
vided only medians, and mean, and SD values were calculated using the Hozo method [17].
The mean value of MPV was similar in both groups, where MD: 0.11 95%CI: (—0.64-0.85).
There was also significant heterogeneity (1% = 96%) (Figure 5b).

3.11. Neutrophil-to-Lymphocyte Ratio

This marker was evaluated in six studies [20,23-26,29] including 586 participants, with
392 children with PH and 194 in the control group. In all the studies, NLR was calculated
as a neutrophil count, i.e., lymphocyte count quotients with the counts evaluated using
standard hematologic analyzers and reported as mean =+ SD in all studies, except for the
study by Dziedzic-Jankowska et al., where the authors reported medians and IQR [29]. The
mean value of NLR was significantly increased in the hypertension group compared to
controls, where MD: 0.48 95%CI: (0.34-0.62) and I? = 0% (Figure 6a).
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Figure 6. Meta-analysis of mean values of neutrophil-to-lymphocyte (NLR) (a), platelet-to-
lymphocyte (PLR) (b), and lymphocyte-to-monocyte (MLR) ratios (c) [20,23-26,29].

3.12. Platelet-to-Lymphocyte Ratio

This marker was also evaluated in six studies [20,23-26,29] including 586 participants,
with 392 children with PH and 194 in the control groups. In all the studies, PLR was
calculated as a platelet count, i.e., lymphocyte count quotients with the counts evaluated
using standard hematologic analyzers and reported as mean + SD. Mean values of PLR
were comparable in both groups, where MD: 6.63 95%CI: (—3.20-16.45). The heterogeneity
was moderate, where 1% = 49% (Figure 6b).

3.13. Lymphocyte-to-Monocyte Ratio

This marker was evaluated in three studies [20,23,29] including 295 participants, with
191 children with PH and 104 in the control groups. In all the studies, LMR was calculated
as a lymphocyte count, i.e., monocyte count quotients with the counts evaluated using
standard hematologic analyzers and reported as mean + SD. The mean value of LMR
was significantly lower in the PH group compared to controls, where MD: —0.52 95%CI:
(—1.02-—0.02) and I? = 4% (Figure 6c).

3.14. Additional Markers

The following markers were evaluated in single studies: white blood cell count
(WBC), E-selectin, interleukin 18 (IL-18), macrophage inflammatory protein 1o« (MIP-1),
MIP-1§3, monocyte chemoattractant protein 1 (MCP-1), tumor necrosis factor o« (TNF«x), reg-
ulated on activation, normally T-expressed (RANTES), and angiogenin. WBC (7.65 & 2.27
vs. 6.70 £ 1.71 (1000/pnL); p = 0.017) [30], E-selectin (87.4 £ 28 vs. 65.4 &+ 22 (ng/mL);
p =0.001) [19], MIP-1f3 (117.9 & 140.6 vs. 58.3 = 21.9 (pg/mL); p = 0.04) [22], and RANTES
(19.7 £ 25.8 vs. 10.7 &£ 10.6 (ng/mL); p = 0.04) [22] were significantly higher in patients
with PH compared to healthy peers without differences in remaining markers.
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4. Discussion
4.1. Summary of Main Findings

To the best of our knowledge, this is the first review summarizing the data on differ-
ences in the markers of subclinical inflammation between pediatric patients with primary
hypertension and normotensive individuals. We included a satisfactory number of studies
to draw reliable conclusions. Our results showed that pediatric patients with PH were
characterized by significantly higher low-grade inflammation markers than healthy peers.
Hs-CRP and adhesion molecules (ICAM-1 and VCAM-1), as well as simple complete
blood count-derived parameters (neutrophil count, monocyte count, platelet count, and
neutrophil-to-lymphocyte ratio, were found to be higher, and lymphocyte-to-monocyte
ratio lower, in pediatric patients with PH. However, we found no differences in interleukin
6 concentrations, lymphocyte count, PLR, and MPV values. Some of the markers were
assessed only in single studies (E-selectin, IL-18, MIP-13, MIP-1¢c, MCP-1, TNF-«, angio-
genin, and RANTES), and their authors found significant differences between the groups
in E-selectin [19], MIP-13, and RANTES [22].

4.2. Comparison with Other Studies

IL-6 is a protein secreted by macrophages in response to specific microbial molecules,
referred to as pathogen-associated molecular patterns (PAMPs). IL-6 stimulates the in-
flammatory processes in many diseases, such as multiple sclerosis, diabetes mellitus, and
atherosclerosis [30]. C-reactive protein (CRP) is a protein produced by hepatocytes in
response to IL-6. Its physiological role is binding to lysophosphatidylcholine expressed
on the surface of apoptotic and necrotic cells and some bacteria (e.g., Streptococcus pneu-
moniae) to activate the complement system [31]. CRP is a significant cardiovascular risk
factor and correlates in adults with atherosclerosis burden and cardiovascular events. The
meta-analysis by Jayedi et al. found that higher levels of hs-CRP and IL-6 were associated
with the risk of developing hypertension [32]. Our results cannot be translated directly to
this study because we could only analyze case—control studies without evaluating patients
at different time points. Nevertheless, in our case, hs-CRP concentrations were higher in
patients with PH, and we did not show differences for IL-6, but we could only include two
studies in the meta-analysis. Based on the results of our meta-analysis and the results of
studies in adults, we can conclude that hs-CRP concentration is an important, repeatable
biomarker of hypertension and cardiovascular burden in children.

The increase in soluble forms of adhesion molecules, ICAM-1 and VCAM-1, is an
indicator of immune system activation and endothelial dysfunction. Their expression on
endothelial cells rises in response to different pro-inflammatory stimuli. These molecules
facilitate inflammatory cells’ migration into tissues and promote negative sequelae, includ-
ing atherosclerosis and hypertensive-mediated organ damage. Observational adult studies
suggest that the concentration of adhesion molecules, especially ICAM-1, might predict
cardiovascular outcome [33-36]. Similarly, although we evaluated only two studies in our
analysis, we found both ICAM-1 and VCAM-1 to be significantly higher in the hypertensive
group, making it a promising biomarker for PH in children.

Neutrophils and lymphocytes are crucial components of the immune system. Neu-
trophils are innate immunity cells that produce cytokines, chemokines, growth factors, and
matrix metalloproteinases. Conversely, lymphocytes, which are adaptive immunity cells,
control immune response. Neutrophils and lymphocytes interact with each other; thus,
their numbers and ratio indicate systemic inflammation [13]. Neutrophils can raise blood
pressure by, among other things, generating reactive oxygen species (ROS), increasing
endothelial permeability, and inducing vascular dysfunction [37]. On the other hand, a de-
crease in lymphocyte count is associated with a decline in overall health and stress on the
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body. The lymphocyte pool represents different subpopulations with different effects on
blood pressure. Th17 lymphocytes producing interleukin 17 increase renal sodium reabsorp-
tion [38]. Regulatory T lymphocytes lower blood pressure by showing anti-inflammatory
effects and producing interleukin 10, which lowers blood pressure and restores endothelial
function [39]. A meta-analysis involving twenty adult studies and one pediatric study [24]
revealed that hypertensive patients had higher levels of NLR than normotensive indi-
viduals [13]. The same results were found in our pediatric data. Our meta-analysis and
numerous findings in adults indicate that NLR and even neutrophil count alone may be an
inexpensive, widely available additional marker of primary hypertension in developmental
age patients.

Monocytes are another part of the innate immune system and play an essential role
in the inflammatory reaction. Monocytes migrate from the bloodstream to tissues and
differentiate into various immune cells, including dendritic cells, macrophages, and foam
cells. This process triggers the secretion of pro-inflammatory cytokines, the production
of matrix metalloproteinases, and the formation of reactive oxygen species. This finally
leads to a chronic inflammatory response, endothelial cells, and insulin resistance. This
eventually results in high blood pressure, diabetes, and obesity. Adult studies have found
that reduced LMR is a risk factor for cardiovascular disease [40]. Recently, researchers
analyzed data from 4706 patients from the National Health and Nutrition Examination
Survey (NHANES) and concluded that increased LMR is independently related to reduced
all-cause mortality in patients with obese hypertension [41]. Of the papers we reviewed,
monocytes were evaluated in only two studies. We showed that the total number of
monocytes was higher and LMR was lower in children with PH. Further and prospective
studies are needed to evaluate the usefulness of monocytes/LMR in children with PH.

Higher platelet counts might be both a result and a predisposing factor of inflamma-
tory response. Megakaryocytes are stimulated by inflammatory cytokines and present
accelerated proliferation and platelet production. On the other hand, platelets can re-
lease thromboxane and other mediators and promote the adhesion and migration of
monocytes, which may cause increased inflammation and promote the progression of
atherosclerosis [42]. Numerous meta-analyses revealed that elevated PLR was an inde-
pendent predictor for poor prognosis in adults with both stable and unstable coronary
disease [42-46]. Mean platelet volume (MPV), an indicator of platelet size, reflects platelet
reactivity. Large platelets have increased aggregability and express more thromboxane and
adhesion molecules. Higher MPV values have been found in adult patients with arterial
hypertension [47]. Three meta-analyses of adult studies revealed that higher MPV values
were associated with increased risk for preeclampsia [48], coronary artery disease [49],
and cardiovascular events [50]. Our meta-analysis showed that pediatric patients with PH
had higher platelet counts than their healthy peers. Otherwise, no statistically significant
differences in PLR and MPV between hypertensive children and children with normal BP
were revealed. However, significant heterogeneity between studies should be emphasized.

Other interesting papers on inflammation versus hypertension in children have been
published in the last three years. We did not include these papers in our meta-analysis
because the authors did not report the exclusion of secondary forms of hypertension in the
children studied. Considering that secondary hypertension accounts for at least half of all
cases in children [3,51], including these papers could have caused a significant bias. Huang
et al., in a study of children with obstructive sleep apnea, showed surprisingly lower levels
of TNFo and interleukin 17 in hypertensive patients compared to normotensive children.
It is worth noting that in this study, the number of hypertensive children was only ten [52].
The analysis of the HELENA-CSS cohort revealed elevated concentrations of E-selectin,
ICAM-1, interleukin 1, and TNFa in hypertensive patients [53]. In the NHANES cohort,
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hypertensive patients were characterized by higher lymphocyte, neutrophil, monocyte,
and platelet counts and higher systemic immune inflammation index (SII), NLR, PLR, and
lower LMR [54].

Some studies have also analyzed clinical exponents of subclinical inflammation in
association with arterial hypertension. Murfioz Aguilera et al. showed an association
between periodontitis, a model of minor inflammation, and the risk of hypertension [55].
Single pediatric papers have shown similar associations between oral health and blood
pressure [56,57].

The question is whether therapeutic interventions can lower inflammatory markers.
Results regarding different treatment approaches on blood pressure are inconclusive, e.g., in
the abovementioned meta-analysis on periodontitis and blood pressure [55]. Nevertheless,
a meta-analysis by Takagi et al. revealed that treatment of hypertensive adults with telmis-
artan significantly reduced IL-6 and TNF« concentrations [58], and a meta-analysis by
Soltani et al. showed that adherence to the DASH (Dietary Approaches to Stop Hyperten-
sion) diet statistically significantly reduced hs-CRP concentrations in adults [59]. Similarly,
two meta-analyses found that non-pharmacological measures might have some impact on
ICAM-1 and VCAM-1 concentrations in hypertensive adults [60,61]. Another meta-analysis
showed that pentoxifylline use significantly reduced inflammatory markers (hs-CRP and
TNF«, but not IL-6), but this did not affect systolic or diastolic blood pressure [62].

4.3. Strengths and Limitations

Our literature review involved a comprehensive literature search in the main databases.
We implemented the recommendations of the PRISMA guidelines and guidelines from
Cochrane Collaboration.

Our review has some limitations. Firstly, we included only case-control studies.
All but one of the analyzed studies were performed in Poland. As many as 4/13 studies
came from the center of the authors of this manuscript, which may be considered a po-
tential conflict of interest or bias. However, this is how we know the same patients were
not analyzed in several papers, and the laboratory methods were consistent. As men-
tioned in the Materials and Methods, the search strategy was prepared by an independent,
recognized expert in the field. In addition, to further reduce the risk of bias, we asked
three researchers unrelated to the project to independently review the search strategy,
the rejected manuscripts (especially those rejected at the last stage), and the manuscripts
included in the study. All experts were in agreement regarding the selection of papers for
this meta-analysis.

We could not fully explore the effects of certain markers; this applies especially to IL-6,
ICAM-1, and VCAM-1 (two studies for each marker). Moreover, we could not analyze
numerous markers as they were evaluated only in single studies (e.g., E-selectin). Almost all
studies had sample sizes of less than 100 participants, and the risk of effect overestimation
is greater in studies with small sample sizes.

Furthermore, studies used different definitions of arterial hypertension and various
protocols to exclude secondary forms of hypertension. Moreover, in most studies, hyper-
tensive patients were characterized by a high proportion of overweight and obese patients,
which is typical for primary hypertension in developmental age. There were no differences
in body mass index between the PH and control groups in only three studies [18,19,27].
As there is a well-known association between obesity and subclinical inflammation [63],
the latter must be considered as a potential bias. Also, hs-CRP, IL-6, and peripheral blood
morphology were evaluated using different laboratory techniques.

Finally, there is a possibility that we may have missed publications (e.g., published in
the local press in languages other than English). Still, in our opinion, this risk is very small.
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4.4. Implications for Practice and Further Research

Our results suggest that the implementation of reliable, simple, cheap, repeatable
inflammatory markers (i.e., complete blood count, hs-CRP) should be included in the
routine evaluation of pediatric patients suspected of arterial hypertension. There is a need
for cohort, observational studies examining these markers as predictors for the development
of PH. Also, as PH poses a substantial risk for left ventricular hypertrophy and kidney and
arterial damage, there is a need for studies evaluating the association between subclinical
inflammation and hypertension-mediated organ damage. It is also necessary to assess
the impact of therapeutic approaches on inflammatory status in children with PH. Single
pediatric data suggest that normalization of blood pressure was associated with a drop in
inflammatory markers [64].

5. Conclusions

This systematic review and meta-analysis showed that some low-grade inflammation
markers were higher in pediatric patients with primary hypertension compared to healthy
peers. Concentrations of hs-CRP, adhesion molecules (ICAM-1 and VCAM-1), and complete
blood count-derived parameters, such as neutrophil count, monocyte count, platelet count,
and neutrophil-to-lymphocyte ratio, were significantly higher in children with primary hy-
pertension, while parameters such as the lymphocyte-to-monocyte ratio were significantly
lower. These promising results could lead to validating and employing these markers as fu-
ture tools for grading hypertension and monitoring antihypertensive treatment. However,
the latter requires evaluation in adequately numbered and well-designed studies.
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Abstract

Streszczenie

Introduction and objective: Evaluation of subclinical inflammation in patients with primary hypertension (PH) and white
coat hypertension (WCH). Materials and methods: In 56 untreated paediatric patients with PH, 40 with WCH, and 30
healthy individuals (control group, CG), we evaluated high sensitivity C-reactive protein (hsCRP), interleukin 18 (IL-18)
levels, complete blood count-derived markers of inflammation, office and ambulatory blood pressure, and selected clinical
and biochemical parameters. Results: hsCRP was significantly higher in PH patients compared to CG, and neutrophil and
monocyte counts were significantly higher in PH and WCH patients compared to CG. Receiver operating characteristic
analysis revealed good prognostic profiles for hsCRP, neutrophil, lymphocyte, monocyte, and platelet counts, as well as
neutrophil-to-lymphocyte ratio (NLR), monocyte-to-neutrophil ratio, and platelet-to-mean platelet volume ratio as
predictors of the presence of PH. In multivariate analysis, monocyte-to-lymphocyte ratio (MLR) and platelet count (= 0.217,
B =0.191) were significant predictors of office diastolic blood pressure Z-score, while neutrophil count predicted 24 h systolic
blood pressure Z-score ( = 0.365), MLR, lymphocyte count, IL-18, and NLR predicted 24 h diastolic blood pressure Z-score
(8=0.305, 3=0.253, 3 = -0.197, 3 = —0.189), and neutrophil count together with IL-18 predicted 24 h mean arterial pressure
Z-score (= 0.210, f = —0.209). Conclusions: 1. Patients with PH and WCH are characterised by similar levels of subclinical
inflammation, which are significantly higher compared to healthy peers. 2. Complete blood count-derived indices, especially
neutrophil count and MLR, can serve as important adjuncts to the clinical evaluation of paediatric patients with PH.

Keywords: children, inflammation, primary hypertension, white coat hypertension

Wprowadzenie i cel: Ocena subklinicznego stanu zapalnego u pacjentéw z nadcisnieniem tetniczym pierwotnym (NTP)
i nadci$nieniem bialego fartucha (BF). Material i metoda: U 56 nieleczonych pacjentéw pediatrycznych z NTP, 40 z BF i 30
zdrowych dzieci (grupa kontrolna, GK) oceniono stezenie wysoko czulego bialka C-reaktywnego (high sensitivity C-reactive
protein, hsCRP) i interleukiny 18 (IL-18), markery stanu zapalnego na podstawie morfologii krwi, cisnienie tetnicze
gabinetowe i w pomiarze calodobowym oraz wybrane parametry kliniczne i biochemiczne. Wyniki: Stezenie hsCRP bylo
istotnie wyzsze u pacjentéw z NTP w poréwnaniu z GK, liczba neutrofiléw i monocytéw byla istotnie wyzsza u pacjentéw
zNTP i BF w poréwnaniu z GK. Analiza krzywej ROC (receiver operating characteristic) wykazala dobry profil prognostyczny
dla hsCRP, liczby neutrofiléw, limfocytéw, monocytéw i plytek krwi, a takze wskaznika neutrofilowo-limfocytarnego
(neutrophil-to-lymphocyte ratio, NLR), wskaznika monocytowo-neutrofilowego oraz wskaznika plytki krwi - srednia objetos¢
plytki jako predyktoréw N'TP. W analizie wieloczynnikowej wskaznik monocytowo-limfocytarny (monocyte-to-lymphocyte
ratio, MLR) i liczba ptytek krwi (8 = 0,217, 8 = 0,191) byly istotnymi predyktorami rozkurczowego ci$nienia gabinetowego,
liczba neutrofili byta predyktorem dla 24-godzinnego cisnienia skurczowego (8 = 0,365), MLR, liczba limfocytéw, IL-18
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i NLR - dla 24-godzinnego ci$nienia rozkurczowego (8 = 0,305, 8 = 0,253, # = —0,197, 3 = —0,189), a liczba neutrofilow
i IL-18 - dla 24-godzinnego ci$nienia redniego (8 = 0,210, # = —0,209). Wnioski: 1. Pacjenci z NTP i BF charakteryzuja sie
podobnym poziomem subklinicznego stanu zapalnego, istotnie wyzszym w poréwnaniu ze zdrowymi réwiesnikami. 2.
Wskazniki pochodne morfologii krwi, zwlaszcza liczba neutrofiléw i wskaznik MLR, mogg by¢ istotnym uzupelnieniem
oceny stanu klinicznego pacjentéw pediatrycznych z NTP.

Stowa kluczowe: dzieci, zapalenie, nadci$nienie tetnicze pierwotne, nadcisnienie bialego fartucha

INTRODUCTION

he prevalence of arterial hypertension is estimated

to be 4.0% among paediatric patients”. Although

the definition of arterial hypertension is based on
office blood pressure measurements, both home blood pres-
sure measurements (HBPM) and ambulatory blood pres-
sure measurements (ABPM) have been found to correlate
more strongly with hypertension-mediated organ dam-
age (HMOD) in children and hard end-points in adults®.
ABPM enables the evaluation of blood pressure across dif-
ferent periods, providing data that can be used to calculate
nighttime blood pressure dipping, morning blood pres-
sure surge, indirect markers of arterial stiffness, and finally,
various indices of blood pressure variability®. HBPM and
ABPM are especially useful in differentiating patients with
sustained hypertension from those with intermediate con-
ditions like white coat hypertension (WCH) and masked
hypertension (MH). Interestingly, children and adolescents
with WCH and MH were found to be commonly affected
by HMOD (e.g. left ventricular hypertrophy)®.
Recent data suggest that essential primary hypertension
(PH) accounts for approximately half of hypertensive cas-
es during the developmental period. Primary hypertension
(PH) is a complex disease emerging from numerous caus-
ative factors®. Studies over the last few years have high-
lighted the significant role of subclinical, low-grade inflam-
mation in the pathogenesis of PH and HMOD in adults
and children®”. Experimental and clinical data suggest
that even a slight rise in blood pressure leads to endothelial
damage and the release of neoantigens, triggering immune
system activation. An interplay between the immune sys-
tem, renin-angiotensin-aldosterone system (RAAS), sym-
pathetic system, vitamin D, and salt sensitivity has been
revealed in both experimental and clinical studies®.
Subclinical inflammation can be evaluated through the con-
centration of inflammatory mediators (e.g. interleukins)
or precise inflammatory indicators (e.g. high-sensitivity
C-reactive protein — hsCRP). Numerous studies have sug-
gested that neutrophil count, neutrophil-to-lymphocyte ra-
tio (NLR), platelet count, platelet-to-lymphocyte ratio (PLR),
as well as mean platelet volume (MPV), are associated with
cardiovascular diseases such as acute coronary syndromes,
heart failure, and hypertension®. Conversely, hsCRP eleva-
tion has been observed in adult hypertensive patients and
was found to be an independent predictor of cardiovascular
sequelae!'?. Recent data suggest that interleukin 18 (IL-18)
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can be involved in the pathogenesis of primary hypertension,

non-dipping pattern of hypertension, and HMOD like com-

mon carotid artery intima-media thickness'"'.

The world literature lacks comparisons of the severity of

subclinical inflammation in paediatric patients with PH and

WCH. Additionally, there are no data assessing the detailed

relationship between inflammation and ABPM recordings.

Therefore, our goals were:

1. To assess subclinical inflammation in paediatric patients
with PH and WCH compared to healthy peers.

2. To evaluate the usefulness of determining subclinical in-
flammation in children with PH and WCH for clinical
practice.

MATERIALS AND METHODS

We retrospectively analysed all patients hospitalised in one
tertiary centre of paediatric nephrology due to suspicion of
arterial hypertension in 2017-2021. The inclusion criteri-
on for the PH group was arterial hypertension diagnosed
according to the European Society of Hypertension (ESH)
guidelines® and confirmed by ABPM. The inclusion cri-
teria for the WCH group were clinical suspicion of arteri-
al hypertension based on elevated office measurements and
exclusion of arterial hypertension by ABPM®. The control
group (CG) comprised a total of 30 age- and sex-matched
healthy children. The exclusion criteria for all participants
were lack of consent to participate in the study, acute and
chronic inflammatory conditions, known allergic diseas-
es, chronic kidney disease, congenital or acquired heart de-
fects or heart failure, and - for the PH group - secondary
forms of hypertension and pharmacological antihyperten-
sive treatment. In all study participants, potential sources
of inflammation that could have influenced the results were
analysed on the basis of medical records (physical exami-
nation and history). Such patients were excluded from the
analysis. The flowchart of patients is presented in Fig. 1.
The researchers obtained approval from the local bioethics
committee to conduct the study (approval No. KB/58/2016,
15 March 2016, amendment No. KB/53/A2023, 12 June
2023). All procedures involving human participants were
carried out in accordance with the highest ethical standards
of the institutional research committee and complied with
the Declaration of Helsinki on the treatment of human sub-
jects and its later amendments. All participants and their le-
gal representatives signed informed consent before enter-
ing the study.
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Potentially eligible patients

v v v
Patients with hypertension Patients with white coat Healthy children
(n=289) hypertension (n = 54) (n=65)
Patients excluded: Patients included
« chronic and inflammatory < < from control group - )
diseases (including asthma, (n=2) Pztr'ti':.t; Iel:(dl:a(:tegﬁsion
autoimmune diseases) (n=2) P
(n=106) — I .
- incomplete data (n = 32) P?;Iftr::s |rnocdud_ed > \(/;lqh;t% ;031 hypertension
. f’?cf?ynpdei?é;(s)ir::ls(n =38) |"C°(mp|€1t§ )data < fromggroupp - excluded after matching
= = ' -
« patients treated for of healthy children for sexand age (n=30)
hypertension (n = 90) (n=3)
v 4 \ 4
Patie;‘ntsev;/ti(tem(r)i?ary Patients with white coat Healtrgrc{wdledsr;r:deligible
eligibylz for the study ft:)yrptireti?tslhon(sligi%e) Control grou)é)
(n="56) yin= (n=30)

Fig. 1. Flowchart of patients included in the study

All examinations were performed upon admission based
on the same protocol. The following clinical parameters
were assessed: age, sex (male/female), duration of arteri-
al hypertension, duration of pregnancy, and birth weight.
Basic anthropometric parameters, such as height, weight,
and body mass index (BMI) were analysed and expressed
as Z-scores"?. Overweight and obesity were classified ac-
cording to World Health Organization definitions: BMI in
the >85% and <95™ percentiles for overweight, and BMI
>95'% percentile for obesity.

Peripheral office systolic and diastolic blood pressure (SBP,
DBP) was measured oscillometrically using Welch Allyn
VSM Patient Monitor 300 (Welch Allyn Inc., Skaneateles
Falls, NY, USA) [mm Hg] according to the ESH 2016 guide-
lines® and expressed as [mm Hg] and as Z-scores!'%). Also,
office pulse pressure (PP) was calculated for all patients
using the formula: PP = SBP — DBP [mm Hg]. Suntech
Oscar 2 oscillometric device (SunTech Medical, Inc.,
Morrisville, NC, USA) was used to evaluate 24-hour blood
pressure parameters. The following parameters of ambu-
latory blood pressure recordings were analysed"®: sys-
tolic, diastolic, and mean blood pressure during 24 hours
(SBP, DBP, mean arterial pressure - MAP, 24 h) expressed
as [mm Hg] and Z-scores"”, SBP and DBP loads (SBPL,
DBPL) during 24 hours expressed as [%], pulse pressure
(PP) defined as the difference between SBP and DBP during
24 hours, SBP and DBP dipping (SBP DIP, DBP DIP) de-
fined as the difference between mean daytime blood pres-
sure and mean nighttime blood pressure expressed as a per-
centage of the daytime value, ambulatory arterial stiffness
index (AASI) defined as 1 minus the regression slope of di-
astolic over SBP values as recorded by the ABPM"®, and
morning blood pressure surge defined as morning blood
pressure (mean blood pressure during the first 2 hours after
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wake-up) minus pre-waking blood pressure (2 hours aver-
age blood pressure before wake-up).

The level of subclinical inflammation was evaluated us-
ing serum inflammatory indices and blood complete-
blood count mediators. Blood samples were collected after
two hours in an upright position in the morning (between
7 am and 10 am) after a 12-hour fasting period in a eu-
volemic state according to our local protocol. All patients
were advised to follow a normal sodium diet at least seven
days before admission. Complete blood count (CBC) was
performed using Coulter LH 780 haematologic analyser
(Sysmex XN-1000, Sysmex Corporation, Kobe, Japan), and
the following CBC-derived inflammatory indicators were
evaluated: neutrophil count (NEU; 1000/puL), lymphocyte
count (LYM; 1000/uL), platelet count (PLT; 1000/uL), mean
platelet volume (MPYV; fL), and neutrophil-to-lymphocyte,
platelet-to-lymphocyte, monocyte-to-lymphocyte and
platelet-to-mean platelet volume ratios (NLR, PLR, MLR,
and platelet-to-MPV ratio - PMPVR). Blood for hsCRP
and IL-18 evaluation was allowed to clot, then prompt-
ly centrifuged under controlled conditions and frozen at
—-80°C. The levels of hsCRP [mg/L] and IL-18 [pg/mL]
were determined by the enzyme-linked immunosorbent
assay method (DRG" CRP, HS C-Reactive Protein Catalog
Number EIA-3954, DRG International Inc., Springfield,
NJ, USA and Human IL-18 ELISA Kit, Catalogue Number
BMS267-2, ThermoFisher Scientific, Austria, Vienna) us-
ing Biochrom Asys UVM 340 Scanning Microplate Reader
(Biochrom Ltd., Cambridge, UK).

Other parameters evaluated from peripheral blood includ-
ed those assessed by standard local laboratory methods
[dry chemistry (VITROS 5600, Ortho Clinical Diagnostics,
USA)]: serum creatinine [mg/dL], urea [mg/dL], uric
acid [mg/dL], lipid profile: total, high-density lipoprotein
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Parameter Primary hypertension White coat hypertension Control group p
Number of patients [n] 56 40 30 -
Age [years] 15.3(13.9-16.8) 15.9(12.3-17.3) 14.5(13.8-15.9) 0.411
Sex [M/F] 40/16 25115 19/11 0.596
Height [cm] 1718+ 124 166.4+14.7 168.1+£73 0.092
Height Z-score 0.76 +0.99 0.54 +1.07 0.38+0.80 0.209
Weight [kg] 78.7+19.5 67.1+21.2 573+78 <0.001"23
Weight Z-score 1.61+0.92 1.01+£1.19 0.30£0.72 <0.001"23
BMI [kg/m?] 264+49 238+48 202422 <0.001"%
BMI Z-score 1.47 £0.86 0.98+1.26 0.13+0.72 <0.001"
Birth weight [g] 3201.1+634.9 3427.7+429.2 34354+ 416.2 p=0.180
Weeks of gestation [week] 40 (40-40) 40 (39-40) 40 (40-40) 0.830
(reatinine [mg/dL] 0.8+0.2 0.7+0.2 0.7+0.1 0.364
Urea [mg/dL] 264 +5.7 27.1+59 251+55 0.369
GFRS [mL/min/1.73 m?] 93.3(84.9-113.8) 95.5 (87.9-106.7) 100.9 (88.8-112.9) 0.834
Uricacid [mg/dL] 6.1+15 57+15 51+1.1 0.0082
Total cholesterol [mg/dL] 157.5 (145.5-179) 160.0 (137-185) 152.0 (133-182) 0.568
LDL cholesterol [mg/dL] 86.7 (69.5-105.7) 86.9 (69.2-111) 79.4 (64.6-109) 0.527
HDL cholesterol [mg/dL] 50.7+12.9 49.7+11.9 57.8+11.1 0.014%3
Triglyceride [mg/dL] 101.5 (65.5-144) 90.0 (63.5-139) 56.0 (50-78) <0.001%3
ACR [mg/g] 7.7 (5-11.4) 5.6 (3.3-12.6) 7.3 (4-11.8) 0.388
M — male; F — female; BMI — body mass index; GFRS — glomerular filtration rate according to Schwartz formula; LDL — low-density lipoprotein; HDL — high-density
lipoprotein; ACR — albumin-to-creatinine ratio.
! Primary hypertension vs. white-coat hypertension.
2Primary hypertension vs. control group.
3White coat hypertension vs. control group.

Tab. 1. Clinical and biochemical parameters in the study group

Inflammatory indicator Primary hypertension White coat hypertension Control group ]

hsCRP [mg/L] 2.9(1.5-7.3) 1.4(0.6-6.0) 0.9(0.5-1.9) 0.002'

IL-18 [pg/mL] 74.7 (21.6-130.4) 70.2(19.7-115.9) 91.3(43.7-117.5) 0.514
Neutrophils [x10*/pL] 3.89+1.44 340+1.75 2.63+0.96 0.001'2
Monocytes [x10%/uL] 0.53 (0.45-0.65) 0.50 (0.40-0.63) 0.44(0.34-0.53) 0.026
Lymphocytes [x10%/uL] 2.31(1.90-2.71) 2.03 (1.59-2.46) 2.05(1.70-2.38) 0.087
Platelets [x10%/uL] 254.0(227.0-297.0) 247.0(203.5-278.5) 234.0 (215-258) 0.215

Mean platelet volume (MPV) [fL] 10.44+1.34 10.52 +1.59 10.92+£0.73 0.253
Neutrophil-to-lymphocyte ratio (NLR) 1.52(1.22-2.0) 1.30(1.07-1.88) 1.29(0.92-1.55) 0.055
Platelet-to-lymphocyte ratio (PLR) 117.15 £ 34.25 129.09 £ 55.91 118.59 +32.35 0.362
Monocyte-to-lymphocyte ratio (MLR) 0.25+0.08 0.27£0.13 0.22 +0.06 0.146
Monocyte-to-neutrophil ratio (MNR) 0.15(0.11-0.19) 0.17/(0.13-0.20) 0.18(0.14-0.22) 0.149
Platelet-to-MPV ratio (PMPVR) [10] 24.92 (20.85-30.09) 23.19(18.03-28.86) 21.50(19.8—23.45) 0.088

! Primary hypertension vs. control group.
2White-coat hypertension vs. control group.

hsCRP — high sensitivity C-reactive protein; IL-18 — interleukin 18.

Tab. 2. Inflammatory markers in the study group

(HDL), and low-density lipoprotein (LDL) cholesterol
[mg/dL], triglycerides [mg/dL], morning urinary albumin
[mg/L], and creatinine [mg/dL] with calculation of the al-
bumin-creatinine ratio [mg/g]. In all participants, the es-
timated glomerular filtration rate (GFRg) was calculat-
ed according to the 2009 abbreviated Schwartz formula:
GFRg = 0.413 x height [cm] / serum creatinine [mg/dL]
[mL/min/1.73 m?]"7. Albumin-creatinine ratios >30 mg/g
were considered abnormal®, and uric acid >5.5 mg/dL was
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considered elevated, according to Feig et al.'®). Due to the
retrospective nature of the study, three sets of data were in-
complete: urinary albumin excretion (n = 120), duration of
pregnancy (n = 100), and birth weight (n = 74).

Statistical data were analysed using Dell Statistica 13.0 PL
software (TIBCO Software Inc., Palo Alto, CA, USA).
The normality of data distribution was analysed with the
Shapiro-Wilk test. Data were reported as absolute numbers,
mean + standard deviation (SD) (for normally distributed
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Blood pressure Primary hypertension White coat hypertension Control group /]

Office SBP [mm Hg] 141.7 £10.2 131.1+£1.2 1M135+76 <0.001"%3
Office SBP Z-score 2.26+0.90 1.56 +1.06 —0.15+0.81 <0.001"%3
Office DBP [mm Hg] 83.1£10.2 80.0+9.1 65158 <0.001%3
Office DBP Z-score 239+1.39 2.03+1.28 —0.01+0.81 <0.001%
Office pulse pressure [mm Hg] 58.6+9.8 51.1+9.1 483+6.1 <0.001"2
24 h ABPM SBP [mm Hg] 134.6+53 119.5+£6.3 1134+£59 <0.001'23
24 h ABPM SBP Z-score 234+0.86 0.53+0.73 —0.31+0.68 <0.001"%3
24 h ABPM DBP [mm Hg] 722471 67.6 4.0 62.7+38 <0.001'23
24 h ABPM DBP Z-score 0.77 +£1.27 0.00+0.78 —0.91+0.74 <0.001"%3
24h ABPM MAP [mm Hg] 922463 841142 759+47 <0.001"23
24 'h ABPM MAP Z-score 1.52+1.26 0.23+0.68 —1.05+0.68 <0.001"%3
PP 24 h [mm Hg] 624+72 520+58 509+5.4 <0.001'2

HR [bpm] 80.6+12.8 81.9+12.1 774+95 0.365

24 h HR Z-score -0.22+1.39 —0.21+1.24 —0.66 +1.35 0.287
SBPL/24 h [%] 57.8+194 16.9+10.6 7.8+6.2 <0.001"%3
DBPL/24 h [%] 20.5(12.5-36.5) 10.0 (5.5-16) 3.0(1-6) <0.001"23

SBP DIP [%] 1.8+55 11.6+£49 129+43 0.509

DBP DIP [%] 16.4+ 8.6 17.6+75 19.6+7.0 0.203

Morning BP surge [mm Hg] 10.9+12.0 13.4+8.1 15.2+8.1 0.141

AASI 0.4+0.1 03£0.1 04+0.1 0.141

AASI — ambulatory arterial stiffness index.

" Primary hypertension vs. white-coat hypertension.
2Primary hypertension vs. control group.
3White-coat hypertension vs. control group.

SBP — systolic blood pressure; DBP — diastolic blood pressure; ABPM — ambulatory blood pressure monitoring; MAP — mean arterial pressure; PP — pulse pressure;
HR — heart rate; bpm — beats per minute; SBPL — systolic blood pressure level; DBPL — diastolic blood pressure level; DIP — dipping; BP — blood pressure;

Tab. 3. Office and ambulatory blood pressure in the study group

data), or median value and interquartile range (IQR) (for
data with non-normal distribution). The sample size es-
timated based on the available literature with a statistical
power of 0.8, p = 0.05, and an effect size of 0.50 had to be
at least 30. The following tests were used (depending on
the distribution of variables): Student’s ¢-test, U Mann—
Whitney test, Kruskal-Wallis test, ANOVA test [with post-
hoc analysis using least significant difference (LSD) Fisher
test], Pearson’s linear correlation, Spearman rank correla-
tion, chi-square test, Fisher’s exact test, and receiver op-
erating characteristic (ROC) analysis. Multivariate analy-
sis was performed using a general multivariate regression
model (GLM). Parameters that correlated blood pressure
in univariate analysis with p below 0.10 were included in
the model. A p-value below 0.05 was considered statistical-
ly significant.

RESULTS

The basic clinical parameters and results of key laborato-
ry tests for the examined groups are presented in Tab. 1.
There was no significant difference between children with
PH, WCH, and CG regarding age and sex. Body weight,
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body weight Z-score, BMI, and BMI Z-score were signifi-
cantly higher in children with PH compared to those with
WCH and CG. All four of these anthropometric variables
were higher in WCH patients compared to those with CG.
There were 19 (33.9%) overweight and 17 (30.4%) obese chil-
dren in the PH group and 16 (40.0%) and 8 (20.0%) in the
WCH group, respectively. In the hypertensive group, the me-
dian duration of arterial hypertension was 7 (IQR: 2.5-17.0)
months. The groups did not differ in kidney function, and all
children had normal GFR. Uric acid levels were significant-
ly higher in patients with PH compared to healthy children.
Thirty-four (50.6%) patients with PH and 21 (52.5%) patients
with WCH had elevated serum uric acid. There was no dif-
ference between the groups in total cholesterol and LDL cho-
lesterol levels. HDL cholesterol levels were significantly low-
er, and triglyceride levels were significantly higher in patients
with PH and WCH compared to healthy children.

The inflammatory markers are shown in Tab. 2. The concen-
tration of hsCRP was significantly higher in children with
PH compared to the control group. Neutrophil and mono-
cyte counts were significantly higher in the groups with
PH and WCH compared to the control group. The groups
did not exhibit significant differences in concentrations
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SBP DBP ABPM SBP 24 h ABPM DBP 24 h ABPM MAP 24 h
Parameter Z-score Z-score Z-score Z-score Z-score
R=-0.183 R=—0.002 R=—0.081 R=—0.006 R=—0.077
Age [years] p=0.040 p=0.985 p=0.366 p=099% p=0932
BMI Zscore R=0316 R=0.234 R=0.347 R=0.191 R=0.265
p<0.001 p=0.008 p<0.001 p<0.032 p <0.003
. R=0.140 R=—0.011 R=—0.104 R=—-0.037 R=—-0.012
Weeks of gestation [weeks] p=0.164 p=0916 p=0305 p=0715 p=0.904
o R=—0.152 R=—0.027 R=—0.203 R=—0.068 R=—0.082
Birth weight [g] p=0.1% p=0819 p=0.083 p=0.565 p=0.486
. . R=0.295 R=0.147 R=0.173 R=0.050 R=0.173
Duration of hypertension [months] p=0.001 p=0.100 p=0053 p=0576 p=0052
R=0.147 R=0.097 R=0173 R=0.086 R=0.150
hsCRP (mg/L] p=0100 p=0282 p=0053 p=0338 p=0093
R=0.027 R=—0.050 R=—0.965 R=-0.206 R=-0.194
IL-18 [pg/mL] p=0.764 p=0579 p=0283 p=0.020 p=0.030
. R=0172 R=0.239 R=0.290 R=0342 R=0.330
Neutrophils [X 10"l p=0.239 p=0.007 p=0.001 p<0.001 p<0.001
! R=0.153 R=0.235 R=0.225 R=0.258 R=0222
Monacytes [x10°/y] p=0.087 p=0.008 p=0.012 p=0.004 p=0.012
. R=0.099 R=0.022 R=0.215 R=0.178 R=0.186
Lymphocytes [x10%/L] p=0.268 p =005 p=0.016 p=0.046 p=0.037
; R=0.151 R=0.188 R=0.192 R=0.261 R=0.256
Platelets [x10°/yL] p=0.091 p=0.035 p=0.031 p=0.003 p=0.004
MPY [ R=—0.110 R=—0.135 R=—0.105 R=—0.082 R=—-0.152
p=0219 p=0.131 p=0243 p=0361 p=0.089
\R R=0.095 R=0.209 R=0.085 R=0.200 R=0.179
p=0.288 p=0.019 p=0343 p=0.027 p=0.045
LR R=0.500 R=0.155 R=—0.046 R=0.069 R=0.054
p=0579 p=0.083 p=0.609 p=0.445 p=0552
VLR R=0.093 R=0.234 R=0017 R=0.140 R=0.103
p=0301 p=0.008 p=0.853 p=0.118 p=0252
VAR R=—0.074 R=—0.124 R=-0.182 R=-0.192 R=-0.197
p=0409 p=0.168 p=0.041 p=0.031 p=0.027
N R=0.182 R=0.222 R=0.198 R=0241 R=0272
PMPVR [107] p=0.041 p=0.012 p=0.026 p=0.007 p=0.002
o R=0.095 R=0.184 R=0.135 R=0.234 R=0.186
Uricacid [mg/dL] p=0291 p=0.039 p=0.131 p=0.009 p=0.037
R=0.074 R=0.176 R=0.031 R=0.145 R=0.058
Total cholesterol [mg/dL] p=0411 p=0.048 p=0734 p=0.106 p=0518
R=0.018 R=0.128 R=—0.003 R=0.093 R=0.011
LDL cholesterol [mg/dL p=0845 p=0.154 p=0978. p=0300 p=0905
R=—0.049 R=—0.049 R=0583 R=—0.075 R=—0.081
HDL cholesterol [mg/dL] p=0.584 =058 p=—0.080 p=0.405 p=0370
o R=0.226 R=0.234 R=0.187 R=0.261 R=0.233
Triglycerides [mg/dL] p=0.011 p=0.008 p=0.036 p=0.003 p=0.009
R=—0.019 R=—0.043 R=—0.008 R=—0.036 R=0.004
ACR (mg/g] p=0835 p=0.644 p=0932 p=0.694 p=0963
SBP - systolic blood pressure; DBP — diastolic blood pressure; ABPM — ambulatory blood pressure monitoring; MAP — mean arterial pressure; BMI — body mass index;
hsCRP — high sensitivity C-reactive protein; IL-18 — interleukin 18; MPV — mean platelet volume; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte
ratio; MLR — monocyte-to-lymphocyte ratio; MNR — monocyte-to-neutrophil ratio; PMPVR — platelet-to-MPV ratio; LDL — low-density lipoprotein; HDL — high-density
lipoprotein; ACR — albumin-to-creatinine ratio.

Tab. 4. Correlation coefficients of blood pressure in the studied children

of the remaining inflammatory markers, including IL-18.
We combined children with PH and WCH and divided them
into subgroups of lean patients (n = 36, 26 males, 10 fe-
males) and overweight/obese patients (n = 60, 39 males,
21 females). Lean patients were significantly older (median
value - 16.2, IQR: 14.5-17.4 vs. median value — 14.8, IQR:
12.5-16.6 [years], p = 0.013) and had significantly lower
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lymphocyte counts (median value - 2.00, IQR: 1.70-2.38 vs.
median value - 2.31, IQR: 1.93-2.77 [x10%/uL], p = 0.011)
compared to overweight/obese patients. There were no oth-
er significant differences in markers of inflammation be-
tween the subgroups.

Office and ambulatory blood pressure in the studied chil-
dren is presented in Tab. 3. All blood pressure indices,
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Parameter AUC(95Cl) p Inﬂacmu:j::?gIT:rker Sensitivity Specificity ACC
hsCRP [mg/L] 0.668 0.0005 1.50 0.750 0.600 0.667

I1-18 [pg/mL] 0.526 0.6210 14.82 0.857 0.250 0.587

MPV [fL] 0.548 0.3519 10.00 0.786 0.339 0.587
Neutrophils [x10°/pL] 0.691 0.0001 3.48 0.589 0.757 0.683
Monocytes [x10%/pL] 0.622 0.0148 0.49 0.696 0.586 0.635
Lymphocytes [x10°/pL] 0.615 0.0230 2.26 0.536 0.671 0.611
Platelets [x10°/pL] 0.606 0.0364 274.00 0.446 0.771 0.627
Neutrophil-to-lymphocyte ratio (NLR) 0.619 0.0181 134 0.679 0.543 0.603
Platelet-to-lymphocyte ratio (PLR) 0.511 0.8303 89.36 0.843 0.268 0.587
Monocyte-to-lymphocyte ratio (MLR) 0.529 0.5841 0.23 0.589 0.557 0.571
Monocyte-to-neutrophil ratio (MNR) 0.617 0.0204 0.17 0.571 0.625 0.595
Platelet-to-MPV ratio (PMPVR) [10?] 0.606 0.0370 22.68 0.643 0.586 0.611

AUC - area under curve; CI — confidence interval; ACC — accuracy; hsCRP - high sensitivity C-reactive protein; IL-18 — interleukin 18; MPV — mean platelet volume.

Tab. 5. Diagnostic accuracy of inflammatory markers in predicting primary hypertension

d eglet:loddelr::evsas:liraebl o) R Independent variable Standardised beta p

Office SBP Z-score 10.27% BMI Z-score 0.294 <0.001
PMPVR [10] 0.133 0.124

Office DBP Z-score 11.44% MLR 0.217 0.011
Platelets [x10%/pL] 0.191 0.027

BMI Z-score 0.182 0.036

ABPM 24 h SBP Z-score 17.60% Neutrophils [x10%/pL] 0.365 0.005
BMI Z-score 0.258 0.004

NLR —0.222 0.071

ABPM 24 h DBP Z-score 16.93% MLR 0.305 0.002
Lymphocytes [X103/pL] 0.253 0.010

IL-18 [pg/mL] -0.197 0.019

MNR —0.189 0.029

PMPVR [10] 0.158 0.073

ABPM 24 h MAP Z-score 17.26% Neutrophils [x10%/pL] 0.210 0.027
IL-18 [pg/mL] —0.209 0.012

PMPVR [10] 0.172 0.057

BMI Z-score 0.161 0.066

SBP — systolic blood pressure; DBP — diastolic blood pressure; ABPM — ambulatory blood pressure monitoring; MAP — mean arterial pressure; BMI — body mass index;
PMPVR — platelet-to-MPV ratio; MLR — monocyte-to-lymphocyte ratio; NLR — neutrophil-to-lymphocyte ratio; MNR — monocyte-to-neutrophil ratio; IL-18 — interleukin 18.

Tab. 6. Predictors of blood pressure in the studied children (multivariate regression)

as well as blood pressure loads, were significantly high-
er in children with PH compared to those with WCH and
healthy children. Additionally, children with WCH exhib-
ited significantly higher values for the mentioned variables
compared to healthy children. There were no differences be-
tween the groups regarding heart rate, SBP DIP, DBP DIP,
morning blood pressure surge, and AASI.

Determinants of blood pressure in the entire group of 126
patients are presented in Tab. 4. In the studied children,
blood pressure correlated positively with neutrophil, lym-
phocyte, and platelet counts, NLR, MLR, and PMPVR.

PEDIATR MED RODZ Vol. 20 No. 2, p. 215-224

66

Conversely, blood pressure correlated negatively with
IL-18 levels and MNR. In addition, blood pressure also cor-
related positively with BMI Z-score and levels of uric acid,
total cholesterol, and triglycerides.

In the group of 126 patients, the following significant cor-
relations of indices of subclinical inflammation were also
identified: lymphocyte and platelet counts, and PMPVR
correlated negatively with age (R = —0.238, p = 0.007,
R =-0.346, p < 0.001, R = -0.296, p < 0.001). Neutrophil,
monocyte, and lymphocyte counts correlated positively with
BMI Z-scores (R = 0.341, p < 0.001, R = 0.314, p < 0.001,
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R =0.239, p < 0.007); IL-18 correlated negatively with birth
weight (R = —0.337, p = 0.003) and the duration of gesta-
tion (R = —0.228, p = 0.023); hsCRP and IL-18 correlat-
ed positively with the duration of hypertension (R = 0.281,
p =0.036, R = 0.210, p = 0.018). MNR correlated positive-
ly and platelet count, PLR, and PMPVR correlated negative-
ly with AASI (R = 0.189, p = 0.034, R = —0.248, p = 0.005,
R=-0.247, p = 0.005, R = —0.234, p = 0.008), MPV correlat-
ed positively and PMPVR correlated negatively with morn-
ing blood pressure surge (R = 0.200, p = 0.025, R = —0.180,
p = 0.044). Regarding biochemical parameters, uric acid cor-
related positively with hsCRP concentration, and neutro-
phil and monocyte counts (R = 0.248, p = 0.005, R = 0.179,
p =0.045, R = 0.227, p = 0.011); HDL cholesterol correlated
negatively with hsCRP, and neutrophil, monocyte, and lym-
phocyte counts (R = -0.270, p = 0.002, R = —0.268, p = 0.002,
R=-0.295,p =0.001, R = -0.228, p = 0.010). In contrast, tri-
glycerides correlated positively with neutrophil and lympho-
cyte counts and negatively with MNR (R = 0.215, p = 0.016,
R=0.217,p =0.015 R=-0.178, p = 0.046).

The results of ROC analysis are presented in Tab. 5. ROC
analysis demonstrated good diagnostic profiles (area under
the curve, sensitivity, and specificity) for hsCRP, neutrophil,
lymphocyte, monocyte, and platelet counts, as well as for
NLR, MNR, and PMPVR as predictors of primary hyperten-
sion. Among the significant predictors, the highest sensitivi-
ty was found for hsCRP, specificity, and AUC for neutrophils.
The results of multivariate analysis of predictors of blood
pressure are shown in Tab. 6. BMI Z-score was the only sig-
nificant predictor of office SBP Z-score, while MLR, plate-
let count, and BMI Z-score were significant predictors of
office DBP Z-score. For ambulatory blood pressure, neu-
trophil count and BMI Z-score predicted 24 h SBP Z-score;
MLR, IL-18, lymphocyte count, and NLR predicted 24 h
DBP Z-score; and neutrophil count along with IL-18 pre-
dicted 24 h MAP Z-score.

DISCUSSION

In our single-centre cross-sectional study, we found that chil-
dren with primary hypertension exhibited higher levels of in-
flammatory markers compared to healthy peers but similar
to children with white coat hypertension. hsCRP might be
a promising marker of subclinical inflammation in PH. ROC
analysis revealed that hsCRP and neutrophil count showed
the best accuracy in predicting hypertension in adolescents.
In addition, there were numerous positive correlations be-
tween markers of inflammation and blood pressure indices.
Multivariate analysis revealed that complete blood count-de-
rived inflammatory markers, particularly neutrophil count
and monocyte-lymphocyte ratio, were significant predictors
for blood pressure values in the analysed cohort.

In the last two decades, experimental studies have unveiled
pathophysiological pathways linking immune system acti-
vation, blood pressure rise, and HMOD. According to cur-
rent hypotheses, prohypertensive factors, such as sodium
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chloride and shear stress, promote the polarisation of naive
T cells towards a proinflammatory Th17 phenotype, stimu-
late the production of cytokines, weaken anti-inflammato-
ry actions, and impair the immunosuppressive function of
regulatory T lymphocytes (Tregs)!*?. Activated immune
cells produce reactive oxygen species (ROS) and proinflam-
matory cytokines, such as interleukin 17. Without the in-
hibitory influence of Tregs, these factors exacerbate sodium
retention, constriction of vascular smooth muscle cells, and
further blood pressure elevationV.

C-reactive protein (CRP) is a significant cardiovascular risk
factor and correlates with atherosclerosis burden and car-
diovascular events in adults'?). Elevated CRP has also been
reported in children with cardiovascular risk factors such
as dyslipidaemia or arterial hypertension. Notably, paediat-
ric studies by Trojanek, Wasilewska, and Hou et al. showed
that serum hsCRP levels were significantly higher in hy-
pertensive patients than healthy peers®?*. In our study,
the hsCRP level was significantly higher in children with
PH than in the control group. ROC analysis demonstrated
good diagnostic profiles for hsCRP as a predictor of arterial
hypertension and revealed the highest sensitivity for hsCRP
among all analysed indices.

IL-18 and its receptor are expressed on endothelial cells, vas-
cular smooth muscle cells, and macrophages®”, suggesting
a potential role in vascular disease. Yamagami et al. showed
that levels of IL-18 were higher in men than in women, and
in patients with hypertension, compared to those without('?.
In his literature review, Rabkin analysed five studies compar-
ing serum IL-18 concentration in patients with and without
hypertension. In four out of five studies, individuals with hy-
pertension had significantly higher levels of IL-18V. In our
study, the groups did not differ significantly in IL-18 levels,
but IL-18 was a significant predictor of ambulatory blood
pressure in multivariate analysis.

Interestingly, IL-18 also correlated positively with the dura-
tion of hypertension and negatively with birth weight and the
duration of pregnancy. The possible mechanism underlying
this association remains unclear. Serum IL-18 levels were el-
evated in children with intrauterine growth retardation com-
pared to control infants, which may point to elevated subclin-
ical inflammation in children with low birth weight©®°.
White blood cells (WBCs) and their subtypes, along with
platelets, are the essential players in the inflammatory cas-
cade. Therefore, blood cell parameters and indices like NLR,
LMR, and PLR have garnered increasing attention in chron-
ic inflammation diseases. They are related to cardiovascu-
lar diseases in adults, including atherosclerosis, heart fail-
ure, acute coronary syndromes, and arterial hypertension®.
Hou showed that the WBC count, neutrophil count, and
NLR were significantly higher in hypertensive children
compared to the control group®. Similarly, Musiat et al.
found higher NLR and PLR but lower LMR in paediatric
patients with PH compared to their healthy peers®”. In our
study, basic inflammatory markers (neutrophil and mono-
cyte counts) were significantly higher in the groups with
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primary hypertension and white coat hypertension than
in the control group. Moreover, ROC analysis showed that
neutrophil, monocyte, lymphocyte counts, and NLR, MNR,
and PMPVR values might predict the presence of prima-
ry hypertension. Also, in the overall group of 126 patients,
NLR, MLR, and PMPVR correlated positively with office
diastolic blood pressure Z-scores, while all white blood cell
populations, platelets, and PMPVR correlated positively
with 24-hour blood pressure indices. Multivariate analysis
revealed the strongest association between MLR, neutrophil
count, and blood pressure. Notably, it is currently difficult
to unequivocally assess the practical significance of our re-
sults, since the associations observed, although statistically
significant, were not very strong.

Of note, in our study, patients with PH and WCH were
characterised by similar levels of inflammatory markers,
significantly higher than those of healthy peers. WCH has
long been considered as an intermediate condition between
normotension and sustained hypertension. Also, paediat-
ric data indicate that patients with WCH may already have
HMOD comparable to that of PH patients®. Our results re-
veal that subclinical inflammation is present in paediatric
patients with WCH. Thus, this group of individuals should
be closely monitored, and non-pharmacological measures
should be implemented to reduce inflammation and pre-
vent progression to sustained hypertension. It should be
noted that patients with PH and WCH also exhibited sim-
ilar metabolic disorders (comparable prevalence rates of
obesity and overweight as well as similar uric acid levels
and lipid parameters), which could have influenced their in-
flammatory parameters. Indeed, we showed that inflamma-
tory parameters correlated with BMI Z-scores, uric acid lev-
els, HDL cholesterol, and triglyceride concentrations.
Obesity in children and adolescents is a global health is-
sue, often persisting into adulthood, and is associated with
cardiometabolic and psychosocial comorbidities as well as
premature mortality®®. Inflammation, obesity, and insulin
resistance frequently coexist and contribute to the devel-
opment of cardiovascular diseases. In their systematic re-
view, Silva et al. showed that obese patients had higher CRP
concentrations than non-obese individuals®. In our study,
more than 60% of PH and more than 50% of WCH patients
were overweight or obese. We found a positive correlation
between BMI Z-score and neutrophil, monocyte, and lym-
phocyte counts. In multivariate analysis, BMI Z-score was
found to be an independent predictor of systolic blood pres-
sure. Importantly, the inclusion of BMI in multivariate anal-
ysis did not eliminate inflammatory markers as predictors
of blood pressure value.

The strengths of our study include the analysis of multi-
ple inflammatory markers, detailed blood pressure analy-
sis, and the inclusion of white-coat hypertension patients.
However, limitations include relatively small study groups,
no evaluation of hypertension-mediated organ damage (ex-
cept for albumin-to-creatinine ratio), and the cross-section-
al nature of the study preventing final conclusions on the
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causal relationship between a rise in blood pressure and
the inflammatory process. Although we recommended no
salt restriction in patients’ diets one week before the study,
we did not assess sodium intake (systematic dietary analy-
sis or assessment of urinary sodium excretion), which may
have affected the results. In addition, despite collecting a de-
tailed medical history and performing a thorough physical
examination, we did not, for example, conduct a systema-
tised dental consultation, while Polish authors have suggest-
ed that oral health might be an important factor in the de-
velopment of PH in children®.

CONCLUSIONS

1. Patients with primary hypertension and white coat hy-
pertension are characterised by similar levels of subclin-
ical inflammation, which are significantly higher com-
pared to healthy peers.

2. Complete blood count-derived indices, especially neu-
trophil count and MLR, can serve an important adjuncts
to the clinical evaluation of paediatric patients with pri-
mary hypertension.
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Abstract: Background/Objectives: Activation of the immune system and subclinical in-
flammation participate in the pathogenesis of primary hypertension (PH) and the formation
of hypertension-mediated organ damage. Our study aimed to investigate the relationship
between subclinical inflammation and left ventricular hypertrophy (LVH) in pediatric
patients with PH. Methods: In 34 untreated children with PH (15.1 & 2.1 years, 28 boys,
6 girls), we investigated markers of subclinical inflammation (high-sensitivity CRP, in-
terleukin 18, and complete blood count-derived indices), parameters of the left ventricle
from 2D-echocardiography, office and ambulatory blood pressure, and selected clinical and
biochemical parameters. Results: LVH was revealed in 12 (35.3%) patients, and abnormal
relative wall thickness (RWT) was found in 6 (17.6%) children. Left ventricular inner dimen-
sion at end diastole (LVEDd) Z-score correlated negatively with neutrophils (r = —0.583,
p = 0.001), neutrophil-to-lymphocyte ratio (NLR) (r = —0.562, p = 0.002), and positively
with monocyte-to-neutrophil ratio (MNR) (r = 0.605, p = 0.001) and left ventricular mass
(LVM) for lean body mass Z-score, while LVMI [g/m?] correlated positively with MNR
(r=0.495, p = 0.005 and r = 0.433, p = 0.011). RWT correlated positively with neutrophil
count (r = 0.356, p = 0.039 and r = 0.347 p = 0.044) and with monocyte count (r = 0.378,
p = 0.027 and r = 0.365, p = 0.034). Patients with LVH had significantly lower NLR
(1.430 £ 0.409 vs. 1.797 £ 0.521, p = 0.043) and higher MNR ratios (0.171 £ 0.031 vs.
0.144 +£ 0.037, p = 0.042). The receiver operating characteristic analysis demonstrated
good diagnostic profiles for mean platelet volume (MPV), NLR, and MNR as predictors of
LVH. In multivariate analysis, MNR was the only significant predictor of LVH (OR: 1.329,
95CI: 1.007-1.756). Conclusions: Monocyte-to-neutrophil ratio may be an easily accessible
marker of left ventricular hypertrophy in children with primary hypertension.

Keywords: primary hypertension; children; subclinical inflammation; monocyte-to-
neutrophil ratio; left ventricular mass index; left ventricular hypertrophy

1. Introduction

Arterial hypertension (AH) is found in approximately 4.0% of pediatric patients [1].
Though AH is extremely rare in infants, its prevalence rises alongside children’s age,
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reaching even 8-10% at the age of 18 [2]. The problem of arterial hypertension in the
population appears to be even greater in the post-pandemic COVID-19 era [3]. Traditionally,
secondary forms of hypertension (e.g., renal, renovascular, or hormonal) were considered
as leading causes of elevated blood pressure in the developmental period. Still, nowadays
it is known that primary (i.e., essential) hypertension might cover as many as half of these
cases [4]. Primary hypertension (PH) is a complex disease with still unclear pathogenesis [5].
It is hypothesized that subclinical, low-grade inflammation might play a vital role in the
pathogenesis of PH in all age groups [6,7]. According to experimental data, an increase in
blood pressure damages the endothelium and releases different neo-antigens, which, in
turn, trigger the activation of both the innate and acquired immune systems [8].

There are numerous ways to measure subclinical (low-grade) inflammation. The
serum concentration of interleukins (e.g., interleukin 6 or 18), high-sensitivity C-reactive
protein (hs-CRP), or even simple, complete blood count-derived markers like neutrophil
count, neutrophil-to-lymphocyte ratio (NLR), platelet count, platelet-to-lymphocyte ratio
(PLR), and platelet volume (MPV) have been used in numerous studies as robust markers
of subclinical inflammation in children and adults with primary hypertension [9-12].

Hepatocytes produce CRP in response to different proinflammatory stimuli. CRP
binds lysophosphatidylcholine on the bacterial membrane and activates the complement
system [13]. In numerous epidemiological adult studies, CRP was an independent predictor
correlating with the risk of hypertension, atherosclerosis, and cardiovascular events [14].
Notably, pediatric studies, e.g., the manuscripts of Trojanek [15], Wasilewska [16], Hou [17],
and our group [18], revealed that serum hs-CRP concentrations were significantly higher
in hypertensive patients than in their healthy peers.

Interleukin 18 belongs to the interleukin 1 superfamily and is produced mainly by
macrophages. IL-18 is a proinflammatory cytokine that acts on T and NK cells to stimulate
interferon y production. Of note is that IL-18 and its receptors are expressed on endothelial
cells and vascular smooth muscle cells, thus suggesting its role in vascular diseases [19].
Yamagami and Rabkin found that serum IL-18 concentrations were higher in hypertensive
adults than in those with normal blood pressure [11,12].

The white blood cells (WBCs), their subtypes, and platelets are the essential players
in the inflammatory cascade. Therefore, direct counts of white blood cell subtypes and
their ratios, like NLR, MLR, MNR, and PLR, have been intensively studied in various
inflammatory and cardiovascular diseases. In adults, they correlate with numerous cardio-
vascular diseases like atherosclerosis, heart failure, acute coronary syndromes, and arterial
hypertension [10,20]. Interestingly, pediatric patients with PH were found to have higher
counts of white blood cells [17], neutrophils [17,18], monocytes [18], and platelets [16,21];
larger platelets [16]; and higher NLR [22], PLR [22], and MLR [22] than their healthy peers.

Hard endpoints like myocardial infarction, stroke, and death from cardiovascular
causes are virtually nonexistent in adolescent patients with primary hypertension. Never-
theless, subclinical hypertension-mediated organ damage (HMOD) is found in up to half
of pediatric patients with primary hypertension [23]. Two large-scale central European
studies published over 15 years ago unmasked a high prevalence of cardiac damage in
children with arterial hypertension [24,25]. A meta-analysis of 38 pediatric studies showed
that arterial hypertension significantly increases the risk for left ventricular hypertrophy
(LVH) and elevated markers of arterial damage (aortic pulse wave velocity and common
carotid artery intima-media thickness) [26]. A recently published meta-analysis revealed
that LVH is found in 30.5% of children and young adults with PH, with a predominantly
eccentric LVH pattern. Increased BMI was the most significant risk association for LVH
in hypertensive youth [27]. Another meta-analysis by the same group showed that hy-
pertensive children and adolescents presented with signs of hyperkinetic function of the
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left ventricle and demonstrated evidence of increased left ventricular strain and impaired
diastolic function compared to normotensive controls [28].

Single data in pediatric patients suggest that inflammatory markers may be associated
with diastolic dysfunction [17] and arterial stiffness in children with PH [21].

Our study aimed to evaluate the relationship between left ventricular parameters and
selected inflammatory markers in untreated adolescents with primary hypertension.

2. Materials and Methods

This was a cross-sectional, single-center, retrospective study. Initially, we included
all the patients hospitalized in our pediatric nephrology ward due to suspicion of arterial
hypertension from 2017 to 2021. The inclusion criterion was arterial hypertension diag-
nosed according to the European Society of Hypertension guidelines [29] and confirmed
by ambulatory blood pressure monitoring (ABPM). The exclusion criteria were lack of
consent to participate in the study, acute (e.g., common infections) and chronic inflam-
matory conditions (e.g., autoimmune diseases), known allergic diseases, chronic kidney
disease, congenital or acquired heart defects or heart failure, secondary hypertension,
and pharmacological antihypertensive treatment or treatment influencing immunological
system (e.g., corticosteroids). The baseline data of 56 children with PH were presented in
the recently published article [18]. Among these patients, we included 34 patients with
echocardiography performed within 1 month of the analysis of inflammatory markers.

The researchers obtained approval from the local bioethics committee to conduct
the study (approval No. KB/58/2016, 15 March 2016, amendment No. KB/53/A2023,
12 June 2023). All procedures involving human participants followed the highest ethical
standards of the institutional research committee and were performed in accordance with
the Declaration of Helsinki on the treatment of human subjects and its later amendments.
All participants and their legal representatives signed informed consent forms before
entering into the study.

In the study participants, we measured the following clinical parameters: age, sex
(male/female), AH vintage, duration of pregnancy, and birth weight, height, weight, and
body mass index (BMI) [30]. Overweight and obesity were defined according to World
Health Organization definitions: BMI > 85th and <95th percentile, and >95th percentile,
respectively [31].

Office systolic and diastolic blood pressure (SBP, DBP) were measured with a Welch
Allyn VSM Patient Monitor 300 (Welch Allyn Inc., Skaneateles Falls, NY, USA) [mmHg]
according to the ESH 2016 guidelines [29] and were expressed as [mm Hg] and as Z-
scores [32]. Office pulse pressure (PP) was defined as the difference between systolic
and diastolic blood pressure. A Suntech Oscar 2 oscillometric device (SunTech Medical,
Inc., Morrisville, NC, USA) was used to evaluate 24 h blood pressure parameters with
assessment of the following parameters [33]: systolic, diastolic, and mean blood pressure
over the course of 24 h (SBP, DBP, MAP, 24 h) expressed as [mm Hg] and Z-scores [33],
systolic and diastolic blood pressure loads (SBPL, DBPL) over the course of 24 h expressed
as [%], and systolic and diastolic blood pressure dipping (SBP DIP, DBP DIP) defined as
a difference between mean daytime blood pressure and mean nighttime blood pressure
expressed as a percentage of the daytime value.

Echocardiography was performed using a Philips iE33 device and an S5-1 transducer
(Philips, Amsterdam, The Netherlands). Left ventricle dimensions were calculated using
M-mode assessment of the left ventricle with simultaneous recording of ECG in the second
limb lead. The detailed methodology was described in [34,35]. The following parameters
were collected in the end-diastolic phase: the interventricular septum thickness at end
diastole (IVSd) (mm), left ventricular inner dimension at end diastole (LVEDd) (mm), and
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left ventricular posterior wall at end diastole (LVPWd) (mm). Z-scores for IVSd, LVEDd,
and LVPWd were calculated from normative data by Overbeek et al. [36]. Left ventricular
mass (LVM) (g) was calculated from the Devereux equation [37]. LVM was indexed by
body surface area [g/ m?2] [37], by the DeSimone formula (g/ m?7) [38], and by the formula
proposed by Chinali et al. (g/m?1°) [39]. Also, the Z-scores of left ventricular mass for
lean body mass [40] and height [31] were calculated. Left ventricular hypertrophy (LVH)
was defined as LVMI (g/m?) > 115 g/m? in boys or LVMI (g/m?) > 95 g/m? in girls [37]
or LVMI (g/m?7) > 95c. for sex and age [41]. Relative wall thickness (RWT) was defined
in three ways: 2 x LVPWd/LVEDd, 2 x IVSd/LVEDd, and (IVSd + LVPWd)/LVEDd.
Abnormal RWT was defined as RWT > 0.42 [37].

The level of subclinical inflammation was evaluated using serum inflammatory indices
and complete blood count-derived mediators. The methodology was described in our
previous study [18]. We performed complete blood count (CBC) using a Sysmex XN1000
hematologic analyzer (Sysmex Corporation, Kobe, Japan) and assessed the following in-
flammatory markers: neutrophils (NEU; 1000/ uL), lymphocytes (LYM; 1000/ uL), platelets
(PLT; 1000/ L), mean platelet volume (MPV; fL), and neutrophil-to-lymphocyte, platelet-
to-lymphocyte, monocyte-to-lymphocyte, monocyte-to-neutrophil, and platelet-to-mean
platelet volume ratios (NLR, PLR, MLR, MNR, PMPVR). Blood for hs-CRP and IL18 mea-
surement was allowed to clot for 30 min, was then centrifuged, and the obtained serum was
frozen at —80 °C. The concentrations of hs-CRP (mg/L) and IL18 (pg/mL) were determined
by the enzyme-linked immunosorbent assay method (DRG® CRP, HS C-Reactive Protein
Catalog Number EIA-3954, DRG International Inc., Springfield, NJ, USA, and Human IL-18
ELISA Kit, Catalog Number BMS267-2, ThermoFisher Scientific, Austria, Vienna) using a
Biochrom Asys UVM 340 Scanning Microplate Reader (Biochrom Ltd., Cambridge, UK).

The remaining biochemical parameters were evaluated by standard local labora-
tory methods (dry chemistry (VITROS 5600, Ortho Clinical Diagnostics, New Jersey,
USA)): serum creatinine (mg/dL), urea (mg/dL), uric acid (mg/dL), and lipidogram: total,
high-density lipoprotein (HDL), and low-density lipoprotein (LDL) cholesterol (mg/dL),
triglycerides (mg/dL), and morning urinary albumin—creatinine ratio (mg/g). Vitamin D
(250HD) (ng/mL) was assessed by chemiluminescence (Alinity ci, Abbott Laboratories,
Lake Bluff, IL, USA), and normal values of vitamin D concentrations were taken from
local recommendations [42]. In all participants, we calculated the estimated glomerular
filtration rate (GFRg) according to the Schwartz formula [43]. An albumin—creatinine
ratio > 30 mg/g was considered abnormal [29], and uric acid > 5.5 mg/dL was considered
elevated, according to Feig [44]. Normative values for pediatric lipid parameters were
taken from Stewart [45].

Statistical data were analyzed using Dell Statistica 13.0 PL software (TIBCO Software
Inc., Palo Alto, CA, USA). Heatmaps was generated in Python (version 3.12). The sample
size estimated based on the available literature, with a statistical power of 0.8, p = 0.05, and
an effect size of 0.50, should be at least 30. The normality of data distribution was analyzed
using the Shapiro-Wilk test. Data were reported as absolute numbers, the mean + standard
deviation (SD), and the interquartile range (IQR). The following tests were used (depending
upon variables’ distribution): Student’s t-test, Mann-Whitney U test, Kruskal-Wallis test,
Fisher’s exact test, Pearson’s linear correlation, Spearman’s rank correlation, chi-square test,
Fisher’s exact test, and the receiver operating characteristic (ROC) analysis. Multivariate
analysis of factors related to left ventricular hypertrophy was performed using logistic
regression. Parameters that differentiated groups with and without LVH, with p below 0.10,
were included in the model. A p-value below 0.05 was considered statistically significant.
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3. Results

The clinical and biochemical results in the study group are depicted in Table 1. In the
study group, three-quarters of the patients were boys, and the average age in the study
group was about 15 years. The average duration of hypertension was about 13 months.
Also, three-quarters of the patients were overweight or obese. All patients had normal renal
function. Fifteen patients had borderline or elevated total cholesterol, eight had borderline
or elevated LDL cholesterol, and fourteen had borderline or reduced HDL cholesterol.
Elevated or borderline triglyceride concentrations were found in 19 children. Twenty-one
children had elevated uric acid concentration. As for 250HD supply, 4 children had severe
deficiency, 17 had deficiency, 10 had insufficient supply, and only 3 patients had adequate
vitamin D concentration. Abnormal urinary albumin excretion was found in only one

adolescent (34.5 mg/g). The inflammatory markers are shown in Table 2.

Table 1. Clinical and biochemical data of the study group.

Parameter

Value £ SD [Quartiles]

Number of patients (1)
Boys/girls (1, %)
Age (years)

Duration of gestation (weeks)
Birth weight (g)
Duration of hypertension (months)
BMI Z-score
Overweight patients (BMI 85-95 c) (1, %)
Obese patients (BMI > 95 c) (1, %)
GFR (mL/min/1.73 m?)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Triglycerides (mg/dL)

Uric acid (mg/dL)
250HD (ng/mL)

ACR (mg/g)

34
26/8 (76%/24%)
15.1 £ 2.1 (from 10.9 to 17.9) [13.8-16.8]
38.9 4 2.5 [38-40]
3079 + 696 [2620-3685]
13.2 + 13.0 [3-24]
1.49 + 0.82 [0.99-2.01]
7 (21%)
17 (50%)
98.2 +-19.8 [85.4-110.8]
166.7 & 25.3 [150-181]
93.2 4 24.0 [72-109]
50.5 4 14.6 [40-60]
114.0 £ 58.9 [65-145]
6.3 + 1.8 [5.2-7.2]
18.4 + 7.9 [12.2-21.5]
18.9 + 58.0 [5.3-12.8]

SD—standard deviation, BMI—body mass index, GFR—glomerular filtration rate, LDL—low-density lipoprotein,
HDL—high-density lipoprotein, 250HD—25-hydroxyvitamin D, ACR—urinary albumin-to-creatinine ratio.

Table 2. Inflammatory markers in the study group.

Parameter

Value + SD [Quartiles]

High-sensitivity C-reactive protein
(hs-CRP) (mg/L)
Interleukin-18 (IL-18) (pg/mL)
Neutrophil count (1000/uL)
Monocyte count (1000/nL)
Lymphocyte count (1000/ L)
Platelet count (1000/uL)

Mean platelet volume (fL)
Neutrophil-to-lymphocyte ratio (NLR)
Platelet-to-lymphocyte ratio (PLR)
Monocyte-to-lymphocyte ratio (MLR)
Monocyte-to-neutrophil ratio (MNR)
Platelet-to-mean platelet volume ratio
(PMPVR) (102 /fL)

49 +5.4[1.5-6.9]

81.5 = 80.8 [34.5-110.1]
404 13[3.1-4.8]
0.6 £ 0.2 [0.5-0.7]
2.5+ 0.7 [2.0-2.8]

270.2 + 56.7 [233-300]

10.4 + 1.4 [9.8-11.4]
1.7 £ 0.5 [1.4-1.9]

115.6 + 31.5 [88.9-133.6]
0.3 £ 0.1[0.2-0.3]
0.2 & 0.1[0.1-0.2]

26.5 £7.1[21.0-31.0]

Table 3 presents office and ambulatory blood pressure in the studied children. Based
on ABPM results at the time of the study, isolated systolic hypertension was found in
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28 (82.4%) patients and systolic-diastolic hypertension in the remaining 6 (17.6%) subjects;
9 (26.5%) patients were extreme dippers, 12 (35.3%) were dippers, and 13 (38.2%) were

non-dippers.

Table 3. Blood pressure in the study group.

Parameter

Value + SD [Quartiles]

Office systolic blood pressure (mm Hg)
Office systolic blood pressure Z-score
Office diastolic blood pressure (mm Hg)
Office diastolic blood pressure Z-score
Office pulse pressure (mm Hg)

24 h ABPM systolic blood pressure (mm Hg)
24 h ABPM systolic blood pressure Z-score
24 h ABPM diastolic blood pressure (mm Hg)
24 h ABPM diastolic blood pressure Z-score
24 h ABPM mean blood pressure (mm Hg)
24 h ABPM mean blood pressure Z-score
24 h ABPM systolic blood pressure load (%)
24 h ABPM diastolic blood pressure load (%)
ABPM systolic blood pressure dipping (%)
ABPM diastolic blood pressure dipping (%)

141.7 + 9.8 [133-148]
2.3 + 0.8 [1.9-3.0]
84.2 + 10.7 [78-94]
2.6+ 1.4[1.6-3.8]
57.4 4 8.8 [51-63]

134.5 4+ 5.1 [132-139]
2.3 + 0.8 [1.8-2.6]
73.1 & 6.8 [70-76]
0.9 +1.2 [0.4-1.4]
92.7 4 5.9 [89-96]
1.6 & 1.2[0.8-1.9]
56.9 & 17.9 [44-69]
26.2 & 20.8 [14-34]

11.3 4 5.6 [7.2-14.9]

15.9 & 7.9 [10.5-20.0]

ABPM—ambulatory blood pressure monitoring.

Table 4 shows echocardiographic parameters in the studied children. Left ventric-

ular hypertrophy was revealed in 12 (35.3%) patients. Abnormal relative wall thickness
was found in 6 (17.6%) children. Two out of these six patients also had left ventricular
hypertrophy.

Table 4. Echocardiographic parameters in the study group.

Parameter Value + SD [Quartiles]
IVSd (mm) 0.82 £+ 0.16 [0.70-0.93]
IVSd Z-score 1.1 £0.9[0.5-1.9]
LVEDd (mm) 5.02 & 0.57 [4.70-5.40]
LVEDd Z-score —09+1.0[-1.6-—0.1]
LVPWd (mm) 0.83 £+ 0.17 [0.70-0.96]
LVPWd Z-score 0.5+ 0.9[0.0-1.1]
LVM (g) 146.3 + 46.6 [116.6-188.1]

LVM for lean body mass Z-score
LVM for height Z-score

0.17 & 1.35 [—0.93-1.32]
—0.40 + 1.52 [—1.43-0.99]

LVMI (g/m?) 75.7 4 21.2 [59.0-90.0]

LVMI (g/m?7) 34.1 + 9.0 [27.0-42.0]
LVMI (g/m?16) 44.2 £ 11.9 [34.0-54.0]
RWT (2 x LVPWd/LVEDd) 0.34 £ 0.07 [0.30-0.39]
RWT (2 x IVSd/LVEDA) 0.33 4 0.06 [0.27-0.37]

RWT (IVSd + LVPWd)/LVEDd)

0.33 £ 31.6 [64-103]

IVSd—the interventricular septum thickness at end diastole, LVEDd—Ieft ventricular inner dimension at end dias-
tole, LVPWd—Ileft ventricular posterior wall at end diastole, LVM—Ieft ventricular mass, LVMI—left ventricular
mass index, RWT—relative wall thickness.

Figure 1 (heatmap) shows correlations between markers of left ventricular hypertro-
phy, relative wall thickness, and markers of subclinical inflammation. LVEDd Z-score
correlated negatively with neutrophil count (r = —0.583, p = 0.001) and NLR (r = —0.562,
p=0.002) and positively with MNR (r = 0.605, p = 0.001). LVM correlated positively with
lean body mass Z-score, and LVMI [g/m?] correlated positively with MNR (r = 0.495,
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Left ventricular mass for lean body mass Z-score.

p = 0.005 and r = 0.433, p = 0.011, respectively). In addition, relative wall thickness ex-
pressed as 2 x IVSd/LVEDd and as (IVSd + LVPWd)/LVEDd correlated positively with
both neutrophil count (r = 0.356, p = 0.039 and r = 0.347 p = 0.044, respectively) and with
monocyte count (r = 0.378, p = 0.027 and r = 0.365, p = 0.034, respectively). No other
significant correlations were found between markers of left ventricular hypertrophy and
inflammatory indices. The linear correlations between LVM for body mass Z-score, LVMI

[g/m?], and MNR were presented in Figure 2.
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Figure 1. Heatmap of correlations between markers of left ventricular hypertrophy, relative wall
thickness, and markers of subclinical inflammation. IVSd—the interventricular septum thickness
at end diastole, LVEDd—Ileft ventricular inner dimension at end diastole, LVPWd—Ileft ventricular
posterior wall at end diastole, LVM—Ieft ventricular mass, LVMI—left ventricular mass index,

RWT—relative wall thickness.
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Figure 2. Correlations between left ventricular mass for lean body mass Z-score (a) and left ventricular
mass index [g/m?] (b) with monocyte-to-neutrophil ratio in the studied untreated children with

primary hypertension.

In the studied children, we found no significant correlations between BMI, BMI Z-
score, and markers of left ventricular hypertrophy (Supplementary Table S1). We found
only negative correlations between BMI, BMI Z-score, and LVEDd Z-score (r = —0.463,
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p =0.015 and r = —0.540, p = 0.004, respectively), and a positive correlation between BMI
and LVPWd (r = 0.362, p = 0.035). BMI Z-score correlated positively with neutrophil
count (r = 0.427, p = 0.012) and negatively with PLR (r = —0.375, p = 0.029) and MNR
(r=—0.388, p = 0.023). We analyzed the impact of obesity on our results. We compared
obese (n = 17) and non-obese (normal and overweight) patients (1 = 17). First of all, the
obese patients had higher neutrophil count (4.7 &= 1.3 vs. 3.2 £ 0.8 [1000/uL], p = 0.0004),
higher NLR (1.887 £ 0.529 vs. 1.449 % 0.395, p = 0.010), lower MNR (0.134 £ 0.033 vs.
0.173 £ 0.031), and lower HDL-cholesterol (45.4 & 10.1 vs. 55.7 & 16.7 [mg/dL], p = 0.038)
compared to overweight/normal-weight patients. There was no difference between the
groups regarding blood pressure and LV parameters except for a lower LVEDd Z-score in
the obese patients (—1.671 & 0.387 vs. —0.490 £ 1.070, p < 0.001). In the non-obese group,
we found the following correlations: LVEDd vs. neutrophil count (r = —0.557, p = 0.020),
NLR (r = —0.483, p = 0.050), and MNR (r = 0.485, p = 0.049); LVEDd Z-score vs. hcCRP
(r=0.530, p = 0.029), neutrophil count (r = —0.652, p = 0.005), NLR (r = —0.531, p = 0.028),
and MNR (r = 0.592, p = 0.012); LVMI [g/m?] vs. MNR (r = 0.488, p = 0.047); LVM for lean
body mass Z-score vs. MNR (r = 0.558, p = 0.020). On the contrary, in the obese patients, we
found only correlations between LVMI [g/m?7] and lymphocyte count (r = 0.511, p = 0.036)
and between RWT (IVSd + LVPWd)/LVEDd) and monocyte count (r = 0.483, p = 0.050). No
correlations between MNR and LV parameters were revealed in obese patients.

Table 5 shows clinical and biochemical parameters, blood pressure, and inflammatory
markers in patients with and without left ventricular hypertrophy. There was no difference
between the groups regarding age, sex, BMI, duration of gestation, birth weight, duration
of hypertension, uric acid, lipids, vitamin D, and urinary albumin loss. The groups did not
differ significantly in office and ambulatory blood pressure. As for inflammatory markers,
patients with LVH had significantly lower neutrophil-to-lymphocyte ratios (1.430 % 0.409
(IQR: 1.112-1.790) vs. 1.797 £ 0.521 (IQR: 1.455-2.140), p = 0.043) and higher monocyte-
to-neutrophil ratios (0.171 & 0.031 (IQR: 0.154-0.187) vs. 0.144 £ 0.037 (IQR: 0.112-0.178),
p = 0.042) (Figure 3), and there was a trend towards a higher mean platelet volume
(11.042 £ 1.324 (IQR: 10.7-11.9) vs. 10.114 % 1.365 (IQR: 9.2-11.1), p = 0.042).

Neutrophil-to-lymphocyte ratio b Monocyte-to-neutrophil ratio

p=0.042

p=0.043

Monocyte-to-neutrophil ratio

Normal LVM

VH normal LVM LVH

Figure 3. Neutrophil-to-lymphocyte ratio (a) and monocyte-to-neutrophil ratio (b) in patients without
and with left ventricular hypertrophy. LVM—Ieft ventricular mass, LVH—Ieft ventricular hypertrophy.

We performed an ROC analysis for MPV, NLR, and MNR. All three markers demon-
strated good diagnostic profiles (area under the curve, sensitivity, and specificity) as
predictors of left ventricular hypertrophy (Table 6). Also, multivariate analysis using lo-
gistic regression revealed that MNR was the only significant predictor of left ventricular
hypertrophy (OR: 1.329, 95% CI: 1.007-1.756).
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Table 5. Clinical and biochemical parameters, blood pressure, and inflammatory markers in patients

without and with left ventricular hypertrophy.

Normal Left Ventricular

Left Ventricular

Analyzed Parameter Mass Hypertrophy Value &+ SD p
Value + SD [Quartiles] [Quartiles]

Number of patients 22 12 -
Boys/girls (1, %) 16/6 10/2 0.681
Age (years) 15.1 £ 2.0 [14.1-16.8] 15.0 £ 2.2 [13.7-16.7] 0.524
Gestation (weeks) 38.5 4+ 2.9 [37-40] 39.9 4+ 0.8 [40-40] 0.268
Birth weight (g) 3058 + 760 [2540-3770] 3173 4 389 [2840-3600] 0.905
Duration of PH (months) 13.5 + 14.0 [2-24] 12.8 £ 11.7 [3-21] 0.943
BMI Z-score 1.46 + 0.82 [0.93-1.84] 1.54 + 0.87 [1.00-2.36] 0.430
Total cholesterol (mg/dL) 166.4 £+ 22.0 [151-177] 167.1 £+ 31.6 [144-198] 0.418
LDL-cholesterol (mg/dL) 93.9 + 20.8 [75-104] 92.0 + 30.0 [68-127] 0.462
HDL-cholesterol (mg/dL) 52.1 £+ 16.3 [38-61] 47.7 + 10.7 [43-54] 0.204
Triglycerides (mg/dL) 102.2 + 53.3 [63-119] 135.6 + 64.7 [91-160] 0.126
Uric acid (mg/dL) 6.4 + 1.8 [5.2-7.8] 6.2 + 1.8 [5.1-6.6] 0.751
250HD (ng/mL) 18.3 £ 7.2 [13.7-21.3] 18.5 +£9.3 [11.1-23.3] 0.182
ACR (mg/g) 24.5 +72.0 [5.3-14.2] 8.7 + 4.7 [5.3-12.1] 0.928
Office SBP (mm Hg) 143.1 4+ 10.7 [138-152] 138.9 + 7.6 [133-143] 0.238
Office SBP Z-score 24 £ 09 [1.6-3.2] 2.1 £0.6 [1.9-2.3] 0.255
Office DBP (mm Hg) 86.5 £ 11.6 [80-97] 80.1 £+ 7.8 [73-84] 0.096
Office DBP Z-score 29+ 1.6 [2.04.3] 2.0 + 1.0 [1.1-2.6] 0.091
Office PP (mm Hg) 56.6 + 9.3 [50-60] 58.8 + 7.9 [55-66] 0.495
24 h ABPM SBP (mm Hg) 134.2 + 5.2 [132-139] 135.0 + 5.2 [132-138] 0.732
24 h ABPM SBP Z-score 2.3 £0.8[1.8-2.6] 2.3 £0.8[1.8-2.6] 0.349
24 h ABPM DBP (mm Hg) 73.7 + 7.4 [71-77] 72.0 £ 5.9 [69-75] 0.489
24 h ABPM DBP Z-score 0.9 +£1.2[0.4-1.4] 0.9 +£1.2[0.4-1.4] 0.495
24 h ABPM MAP (mm Hg) 93.3 + 5.7 [90-96] 91.7 + 6.3 [87-96] 0.457
24 h ABPM MAP Z-score 1.6 £1.2[0.8-1.9] 1.6 +1.2[0.8-1.9] 0.601
24 h ABPM SBP load (%) 58.8 + 19.5 [44-73] 53.3 + 14.8 [47-61] 0.377
24 h ABPM DBP load (%) 29.2 + 20.8 [14-34] 20.5 + 16.3 [11-22] 0.248
ABPM SBP dipping (%) 119 + 6.1 [7.6-15.1] 10.4 + 4.8 [4.7-14.8] 0.705
ABPM DBP dipping (%) 17.0 £+ 8.4 [11.0-20.0] 13.8 4+ 6.9 [8.6-20.0] 0.449
hs-CRP (mg/L) 44 +4.6[1.2-6.8] 5.8 £ 6.8 [1.6-7.2] 0.449
IL-18 (pg/mL) 91.2 4+ 93.6 [34.5-136.3] 63.5 +47.9[19.2-94.2] 0.552
Neutrophil count (1000/nL) 4.1+ 1.2[3.4-4.8] 3.7+ 1.6[2.8-44] 0.360
Monocyte count (1000/uL) 0.6 £ 0.2 [0.5-0.7] 0.6 £ 0.3 [0.5-0.7] 0.759
Lymphocyte count (1000/ L) 2.3 + 0.4 [2.0-2.7] 2.7 £ 1.0 [1.9-3.6] 0.843
Platelet count (1000/uL) 276.0 + 65.9 [233-318] 259.5 + 34.1 [230-284] 0.427
MPV (fL) 10.1 & 1.4 [9.2-11.1] 11.0 £ 1.3 [10.7-11.9] 0.065
NLR 1.8 +£ 0.5 [1.5-2.1] 1.4+ 0.4[1.1-1.8] 0.043
PLR 119.8 4+ 30.1 [92.0-140.2] 108.0 + 34.1 [70.2-131.9] 0.302
MLR 0.3 +£0.1[0.2-0.4] 0.2 +0.1[0.2-0.3] 0.608
MNR 0.1 +£0.1[0.1-0.2] 0.2 +£ 0.0 [0.2-0.2] 0.042
PMPVR (10'2/fL) 27.9 + 8.0 [22.5-33.0] 23.9 + 4.4 [20.8-26.1] 0.112

SD—standard deviation, BMI—body mass index, LDL—low-density lipoprotein, HDL—high-density lipoprotein,
250HD—25-hydroxyvitamin D, ACR—urinary albumin-to-creatinine ratio, SBP—systolic blood pressure, DBP—
diastolic blood pressure, MAP—mean arterial pressure, SBPL—systolic blood pressure load, DBPL—djiastolic
blood pressure load, hs-CRP—high-sensitivity C-reactive protein, IL-18—interleukin 18, MPV—mean platelet vol-
ume, NLR—neutrophil-to-lymphocyte ratio, PLR—platelet-to-lymphocyte ratio, MLR—monocyte-to-lymphocyte
ratio, MNR—monocyte-to-neutrophil ratio, PMPVR—platelet-to-mean platelet volume ratio.

78



J. Clin. Med. 2025, 14, 3896

10 of 17

Table 6. Diagnostic accuracy of mean platelet volume, neutrophil-to-lymphocyte ratio, and monocyte-
to-neutrophil ratio in predicting left ventricular hypertrophy.

Area Under the Inflammatory Marker e s o s
Parameter Curve (95% CI) p Cut-Off Value Sensitivity = Specificity ACC
MPV 0.729 (0.546-0.912) 0.014 10.6 0.833 0.682 0.735
NLR 0.697 (0.509-0.885) 0.040 1.321 0.955 0.417 0.765
MNR 0.701 (0.525-0.877) 0.025 0.163 0.750 0.682 0.706

CI—confidence interval, ACC—accuracy, MPV—mean platelet volume, NLR—neutrophil-to-lymphocyte ratio,
MNR—monocyte-to-neutrophil ratio.

4. Discussion

Our single-center, cross-sectional study analyzed the relationship between inflamma-
tory markers and markers of left ventricular hypertrophy in a group of untreated children
with primary hypertension. We showed that both left ventricular end-diastolic dimension
and differentially expressed left ventricular mass correlated significantly positively with the
monocyte-to-neutrophil ratio. In addition, relative wall thickness positively correlated with
direct counts of neutrophils and monocytes. A higher MNR ratio characterized patients
with left ventricular hypertrophy. ROC analysis and logistic regression analysis confirmed
the usefulness of the MNR index as a marker of left ventricular hypertrophy in untreated
children with primary hypertension.

Hypertension-mediated organ damage is found in up to 50% of children with primary
hypertension at the time of diagnosis [23]. The heart and arteries, as organs directly exposed
to high blood pressure, are the first to be affected by lesions. Increased blood pressure leads
to changes in the heart, which are initially adaptive—there is hypertrophy of cardiomyocytes
and thickening of the heart walls. The systolic function is maintained for a long time, and
much earlier, diastolic dysfunction develops [28]. We found the prevalence of LVH in
about one-third of untreated children with PH. Our results are close to those of a recently
published meta-analysis including 5620 children. The authors showed the presence of LVH
in 30.5%. In the meta-regression performed by the authors, the risk factor for LVH was
the BMI Z-score, accounting for 41% of the observed heterogeneity [27]. Our single-center
study found no correlation between left ventricular hypertrophy or left ventricular mass
indexed differently and BMI or BMI Z-score. We cannot exclude that the lack of such
a relationship was due to a much smaller number of patients than in the meta-analysis
already cited [27]. It is worth noting the relatively long duration of hypertension in our
group (about 13 months on average), which may have influenced the presence of HMOD,
including LVH. Patients had not previously received pharmacological treatment, nor had
they received a full structured non-pharmacological approach.

Many hemodynamic, endocrine, paracrine, and autocrine factors are involved in
the development of left ventricular hypertrophy. The immune mechanisms involved in
developing PH and HMOD have been intensively studied for over 20 years. It has been hy-
pothesized that left ventricular hypertrophy might also be an inflammatory condition [46].
Immune cells and released cytokines participate in the pathogenesis of cardiovascular
remodeling. They eliminate necrotic bodies and cells and promote angiogenesis and scar
repair. Proinflammatory cytokines stimulate cardiomyocyte hypertrophy and, above all,
myocardial fibrosis. The immune system acts here directly and through interplay with
the renin-angiotensin—-aldosterone and the sympathetic system. Studies have shown that
angiotensin I and excessive catecholamines lead to the formation of effector-like T cells
that infiltrate the myocardium. On the other hand, activation of the immune system causes
an increase in the production of angiotensin II and aldosterone, creating a vicious circle of
immune-endocrine mechanisms leading to LVH [47].
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We can assume that primary hypertension was the only factor affecting left ventricular
mass and immune status in our group. We excluded children with known heart pathologies
or acute or chronic inflammatory conditions. Also, none of the participants received
antihypertensive or immunosuppressive medications.

Numerous adult studies have shown correlations between hs-CRP and left ventricular
mass or risk for left ventricular hypertrophy [46,48,49]. The same associations were found,
among others, in patients with resistant hypertension [50] or those with end-stage kidney
disease treated with hemodialysis [51]. Interestingly, two pediatric studies by Assadi
confirm this positive association between CRP and LVH [52,53]. A decrease in CRP concen-
tration might also be connected with the regression of LVH. For 12 months, Litwin et al.
observed 86 children with primary hypertension and revealed that those with an LVMI de-
crease also had a higher hs-CRP drop. Nevertheless, in a multivariate analysis, reduction in
waist circumference was the main predictor of LVMI decrease, whereas reduction in hs-CRP
strongly predicted arterial damage regression [54]. Our cross-sectional study did not show
any significant correlations between hs-CRP and markers of left ventricular hypertrophy.
Potential reasons for the lack of such correlation in our cohort include a different method of
determination (in our case, ELISA; in Assadi’s studies, the nephelometric method [52,53];
in Litwin’s study, immunoturbidimetric [54]) and a small group. Large prospective obser-
vational and interventional studies are indeed necessary to determine the role of hs-CRP as
a marker of heart damage in pediatric patients with primary hypertension.

Turkish authors found that serum L-18 levels independently predicted LVMI in the
general population and newly diagnosed hypertensive patients [55]. Authors from Egypt,
studying a group of 50 children with end-stage kidney disease (ESKD) treated with
hemodialysis, showed that IL-18 concentration (next to hs-CRP) was an independent
determinant of LVH [56]. Again, as in the case of hs-CRP, the lack of correlation in our
cohort may be due to a different disease duration, the use of kits from other manufacturers,
or, as in the case of the Egyptian study, a more severe inflammation in dialysis children.

Adult studies revealed that complete blood count-derived markers correlated with
left ventricular mass and risk of LVH. Associations with target organ damage have been
shown for leukocytes, platelets, and even red blood cell parameters [57]. Chinese authors
retrospectively analyzed large cohorts of adult patients with PH and found that NLR was
an independent predictor for LVH [49,58]. Hou found no correlations between these indices
and left ventricular mass in children with PH but revealed that elevated neutrophil count
and NLR might be markers of diastolic dysfunction [17]. Our study compared patients
without and with LVH; the results showed higher NLR index values in the former group.
It is difficult to explain this observation unequivocally. However, it should be emphasized
that correlations and multivariate analysis did not confirm it. As for other markers, larger
studies, as well as prospective ones, would be advisable to assess the usefulness of the NLR
index in predicting changes in the heart in children with PH.

Large platelets exert more proinflammatory and prothrombotic actions than small
platelets [59]. Mean platelet volume (MPV) is an easy marker of platelet activation, and
elevated MPV is closely associated with cardiovascular diseases [60-62]. In some adult
studies, MPV was an independent predictor of left ventricular mass index [61,62], while in
others, no such relationship was found [63,64]. There are scarce data on the relationship
between MPV and HMOD in children. In their study analyzing 42 children with ESKD,
authors from Iran found that MPV values were significantly higher in the subjects than in
the control group. In addition, in ESKD children, MPV correlated positively with LVMI
and inversely with ejection fraction [65]. Conversely, no correlation between LVM, arterial
damage, and MPV was found in a Turkish cohort of 60 obese children [66]. Also, our
previous study showed no association between MPV and parameters of arterial damage
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in patients with PH [21]. However, in this study, we showed a trend towards higher MPV
values in children with LVH, and the cut-off point for increased risk of LVH in the ROC
analysis was 10.6 fl. MPV is a simple, available parameter that could potentially serve as a
marker of LVH in children with primary hypertension.

The monocyte-to-neutrophil ratio (MNR) is another relatively new CBC-derived
marker of inflammation, and data on its usefulness are only accumulating. It has been
shown to have prognostic significance in adults, including diabetic foot ulcers [67], chronic
obstructive pulmonary disease [68], COVID-19 infection [69], renal cell carcinoma [70], and
acute myeloid leukemia [71]. To our knowledge, only three studies have been published to
date analyzing MNR in the context of cardiovascular disease. Our previous study did not
demonstrate any differences in MNR between children with PH, white coat hypertension,
and healthy children [18]. In turn, Japanese authors, in a study of adult patients with
acute aortic dissection, demonstrated that the MNR index was higher in patients with
cardiac tamponade [72]. Chinese authors, in a study on patients after acute ischemic stroke
treated with intravenous thrombolysis, showed that the MNR value was lower in patients
after myocardial infarction compared to the control group and that a low MNR value
3 months after stroke was a risk factor for poor prognosis [73]. A potential mechanism
linking the MNR index with left ventricular hypertrophy is the involvement of monocytes
and macrophages in the repair processes and remodeling of the left ventricle [74]. It is
believed that one of the mechanisms of the frequent occurrence of left ventricular hypertro-
phy in primary aldosteronism is the stimulation of macrophages by aldosterone to produce
pro-inflammatory and pro-fibrotic cytokines such as transforming growth factor 31 [75]. In
a recently published study, authors from China revealed, in a mouse model using machine
learning, six hub monocyte/macrophage-related genes (Ankrd1, Birc5, Nuf2, Clgtnf6, Fcgr3,
and Cdca3) that accurately predicted hypertensive LVH [76].

In this study, the MNR index was the best immunological marker of left ventricular
hypertrophy. The MNR value correlated positively with LVEDd Z-score, LVM for lean
body mass Z-score, and LVMI [g/m?]. The MNR value was significantly higher in patients
with LVH. For MNR, a good diagnostic profile was demonstrated as a predictor of LVH.
Finally, multivariate analysis using logistic regression revealed that MNR was the only
significant predictor of LVH in this model. Although we did not show an effect of BMI
values on left ventricular mass, we showed a negative correlation between BMI and MNR.
Moreover, very interestingly, in the group of obese patients, there was no correlation
between MNR and left ventricular mass parameters. Obese patients are characterized
by a higher severity of inflammation regardless of blood pressure values [77]. It cannot
be excluded that in obese patients, other factors shape left ventricular mass, and the
relationship between inflammation and HMOD is different. Our cross-sectional study
indicates the need for further research on this marker. We plan to extend the study to a
larger group of patients and correlate the MNR index with arterial damage. The particular
strengths of our study are the analysis of numerous inflammatory markers and a vast
number of left ventricular mass indices related to well-established normative values. Before
starting the study, we performed a thorough literature review and selected virtually all
CBC-derived inflammatory markers, including new and poorly studied ones, such as MNR.
All echocardiographic studies were performed on the same device, using the same protocol
by one experienced pediatric cardiologist (R.P.). The obvious limitations of this research are
the lack of a control group and the cross-sectional character of the study. All inflammatory
markers, including MNR, were evaluated on a single measurement and obviously could
have also been influenced by conditions other than PH. This last limitation precludes
concluding the causal relationship between inflammatory markers (e.g., MNR) and the
formation of left ventricular hypertrophy. Although we performed a thorough interview
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and physical examination, we cannot rule out other hidden sources of inflammation, e.g.,
periodontal disease and parasitosis—the patients were not examined for these entities.

5. Conclusions

Primary hypertension is currently considered a multisystemic disease, and activation
of the immune system is involved in its pathogenesis. In up to half of children at the time of
diagnosis of primary hypertension, hypertension-mediated organ damage is already found,
most often left ventricular hypertrophy. Our cross-sectional study revealed left ventricular
hypertrophy in about one-third of patients. In our group, we analyzed many markers
of subclinical inflammation, including hs-CRP, interleukin 18, and markers derived from
complete blood count. We showed that the monocyte-to-neutrophil ratio was the most
important immunological biomarker of left ventricular hypertrophy, and various statistical
methods demonstrated its significance. We see the need for further research on this new,
simple, and promising marker in children with primary hypertension.
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Abstract

Background/Objectives: Increased blood pressure variability (BPV) was found in adults
with primary (essential) hypertension (PH) and is associated with increased cardiovascular
risk. Our study aimed to analyze the relation between BPV and low-grade inflammation in
children with primary hypertension. Methods: In 56 treatment-naive pediatric patients
with PH (15.1 & 2.1 years) and 30 healthy children (14.9 & 1.4 years), we evaluated BPV: BP
dipping, standard deviation (SD) of ambulatory blood pressure measurements (ABPMs),
pulse pressure (PP)/systolic blood pressure ratio (24 h PP/SBP), rate-pressure index (24 h
RPI), 24-h weighted BPV (24 h WSBPV, 24 h WDBYV, 24 h WMAPYV), coefficient of variation
(24 h CoVSBP, 24 h CoVDBP, 24 h CoVMAP), ambulatory arterial stiffness index (AASI),
and morning BP surge. We also analyzed indices of subclinical inflammation (markers
derived from complete blood count, high-sensitivity C-reactive protein (CRP), interleukin
18), and office and ambulatory BP. Results: Patients with PH had significantly higher
hsCRP, neutrophils, monocytes, and platelets, neutrophil-to-lymphocyte (NLR), platelet-
to-mean platelet volume (PMPVR), and lower monocyte-to-neutrophil (MNR) ratios, and
higher BPV: 24 h ABPM SBP SD, 24 h ABPM MAP SD, 24 h RPI, 24 h WSBPV, 24 h WDBYV,
24 h WMAPYV, and 24 h CoVSBP. Low-grade inflammation markers correlated with BPV
indices in both groups. In multivariate analysis, MNR predicted 24 h ABPM MAP SD
(beta = 0.290, 95CI: 0.029-0.551), 24 h RPI (beta = —0.348, 95CI: —0.587-—0.108), and 24 h
WDBPYV (beta = 0.286, 95CI: 0.032-0.540); monocyte count—24 h RPI (beta = 0.281, 95CI:
0.041-0.521), and hsCRP—24 h WDBYV (beta = 0.310, 95CI: 0.055-0.564). ROC analysis
revealed a good diagnostic profile for lymphocyte count as a positive determinant of
non-dipping status in PH children (cut-off point 2.59 [ x103/uL]). Conclusions: BPV is
higher in children with PH compared to healthy peers and is associated with low-grade
inflammation. MNR may be the most helpful indicator of BPV, whereas high lymphocyte
count predicts the best non-dipping status in these patients.

Keywords: primary hypertension; children; blood pressure variability; blood pressure
dipping; low-grade inflammation; monocyte-to-neutrophil ratio
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1. Introduction

Arterial hypertension (AH) is one of the key preventable causes of death, with a
worldwide prevalence estimated for approximately 30% of adults [1,2]. According to a
recently published meta-analysis, the prevalence of AH in the pediatric population is
approximately 4.0% [3]. Of the many etiologies of hypertension in developmental age,
primary hypertension (PH), as in adults, is the most important single cause of elevated
blood pressure among adolescents [4]. While the pathogenesis of PH is not fully understood
and is certainly multifactorial, several concepts have been proposed to explain the rise in
blood pressure, often as early as the first decade of life. It is hypothesized that genetic
factors, epigenetic modifications (e.g., microRNAs), intestinal microbiota abnormalities,
increased sympathetic activity, the renin-angiotensin-aldosterone system, and low-grade
(i.e., subclinical) inflammation may all be involved in the pathogenesis of PH [5].

Performing 24 h ambulatory blood pressure monitoring (ABPM) has become the
standard for diagnosing and monitoring pediatric patients with hypertension. International
recommendations suggest that ABPM is a valuable tool for confirming hypertension,
assessing the degree of arterial hypertension (AH) control, and ruling out white coat
hypertension (WCH) [6,7]. It is notable that ABPM also allows for the assessment of
several parameters above standard mean pressures, such as pressure variability parameters
(BPV) [8].

Blood pressure variability (BPV) is considered nowadays as a prognostic factor increas-
ing the risk of cardiovascular sequelae [9]. Variation occurs due to several factors, including
those emanating from the person, environment, atmosphere, and time of day. BPV has
been noted in both normotensive and hypertensive subjects. BPV can be physiological,
enabling an individual to cope with the stress of daily life, or pathological, serving as a
harbinger of disease [8,10,11]. BPV can be assessed based on a vast number of indicators,
like standard deviations of blood pressure measurements or nighttime blood pressure
dipping, for many of which prognostic significance has been demonstrated in adults [8].
However, their role in pediatrics remains unclear. It is challenging to determine which
of the numerous indicators would be most valuable in assessing cardiovascular risk and
prognosis in this patient group [12].

As mentioned above, the activation of low-grade inflammation appears to be one
of the pillars of PH pathogenesis. In numerous papers, including those by our team,
higher inflammatory parameters were found in patients with PH compared to healthy
peers [13-16]. A meta-analysis of 13 pediatric studies published by our group indicated
that high-sensitivity C-reactive protein (hs-CRP) and adhesion molecules concentrations,
neutrophil, monocyte and platelet counts, and the neutrophil-to-lymphocyte ratio were
higher and the lymphocyte-to-monocyte ratio was lower in children with PH [17]. Only
a few adult [18-20] and a single pediatric study [21] analyze the associations between
subclinical inflammation and blood pressure variability. It should be emphasized that the
previous manuscripts of our team [13-16], as well as the meta-analysis already cited [17],
showed differences in inflammatory markers between children with PH and normotensive
children, but did not assess differences in the extent of variability and the relationship
between blood pressure variability and inflammation. It cannot be ruled out that there is a
reciprocal relationship between low-grade inflammation and BPV, which ultimately results
in hypertension-mediated organ damage (HMOD) and increased cardiovascular risk.

Hence, the objectives of our study are as follows:

1.  To compare different BPV indices between children with untreated PH and healthy
children.

2. To determine the relationship between BPV indices and inflammatory parameters in
these groups of patients.
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2. Materials and Methods

Our retrospective analysis included all children and adolescents hospitalized in our
tertiary pediatric nephrology center with suspected AH between 2017 and 2021. The
inclusion criterion for the PH group was a diagnosis of AH by the European 2016 guide-
lines [17] and finally confirmed in ABPM. The control group (CG) comprised 30 age- and
sex-matched healthy children. The exclusion criteria for all the participants were acute
and chronic inflammatory conditions (including, among others, autoimmune, rheumatic
diseases, inflammatory bowel syndrome), allergic/atopic diseases, chronic kidney disease,
and severe heart diseases (heart defects or heart failure). In addition, we excluded all
the patients with secondary forms of hypertension and those receiving pharmacological
antihypertensive treatment. In all study participants, potential sources of inflammation
that could have influenced the results were analyzed based on medical records (physical
examination and history)—such patients were excluded from the analysis. Figure 1 shows
the patients’ flowcharts.

Patients with arterial hypertension referred to the Department
or under care of the Department in years 2017-2021
(n=1508)

Excluded (n = 452)

Arterial hypertension excluded
(white-coat hypertension)
n=54)
Secondary forms of hypertension
(n=162)
Patients already treated pharmacologically
for hypertension
(n=90)
Refused to participate
n=38)
Inflammatory diseases
(including asthma, autoimmune, chronic infections)
(n=106)
Incomplete data
(n=32)

Patients with primary hypertension
included in the study group
(n=156)

Figure 1. Flowchart of children with primary hypertension included in study group.

The researchers received approval from the local bioethics committee (approval No.
KB/58/2016, 15 March 2016, amendment No. KB/53/A2023, 12 June 2023). The study was
conducted by following the highest ethical standards and the Helsinki Declaration. All
participants and their legal representatives signed informed consent forms before entering
the study.

In all the analyzed children, we evaluated age, sex, duration of PH, pregnancy dura-
tion, and birthweight. Height, weight, and body mass index (BMI) were presented as direct
values and Z-scores [18]. We defined overweight and obesity as BMI > 85th and <95th
percentile, and >95th percentile.

We measured peripheral office blood pressure by Welch Allyn VSM Patient Monitor
300 (Welch Allyn Inc., Skaneateles Falls, NY, USA) [mmHg] [17]. Blood pressure was
expressed as [mmHg] and as Z-scores [19]. We calculated pulse pressure (PP) using the
following definition: PP = SBP — DBP [mm Hg].
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In all the children, we used a Suntech Oscar 2 monitor (SunTech Medical, Inc., Mor-
risville, NC, USA) to perform ABPM. We analyzed [20] systolic, diastolic, and mean blood
pressure during 24 h (SBP, DBP, MAP, 24 h) [mm Hg], Z-scores [20], systolic and diastolic
24-h blood pressure loads (BPL) [%], and 24-h pulse pressure (PP).

Based on the available literature, we calculated the following blood pressure variability
indices [8,22]:

e  BP variability—the standard deviation (SD) of systolic, diastolic, and mean blood
pressure within 24 h (24 h SBPV, 24 h DBPV, 24 h MAPV).

e  Systolic and diastolic blood pressure dipping (SBP DIP, DBP DIP)—the difference
between daytime and nighttime blood pressure expressed in percentages of daytime
blood pressure [%].

e  Morning blood pressure surge was defined as the mean BP in the first 2 h after wake-up
minus the mean BP 2 h before wake-up [mm Hg].

e  PP/SBP ratio—PP/SBP during 24 h (24 h PP/SBP).

e  Rate—pressure product (index)—heart rate multiplied by systolic blood pressure during
24 h (24 h RPI) [bpm-mm Hg].

e  The variation in 24-h weighted blood pressure was defined as the mean of daytime
and nighttime BP adjusted for the day and night period (the mean of the daytime and
nighttime SDs, weighted for the duration of the daytime and nighttime periods) (24 h
WSBPV, 24 h WDBYV, 24 h WMAPV).

o  Coefficient of variation (CoV) was defined as blood pressure standard devia-
tion/divided by mean BP expressed in percentiles during 24 h (24 h CoVSBP, 24 h
CoVDBP, 24 h CoVMAP) [%].

e Ambulatory arterial stiffness index (AASI) was defined as one minus the regression
slope of DBP over SBP 24 h ABPM values [23].

We evaluated subclinical (low-grade) inflammation using serum markers and complete
blood count (CBC) markers. We collected blood in the morning after a 12 h fasting period
in a euvolemic state per local protocol. All patients were recommended a normal sodium
diet for at least seven days before admission. We analyzed peripheral blood morphology
using a Sysmex XN1000 (Sysmex Corporation, Kobe, Japan) hematologic analyzer. We
evaluated neutrophil, lymphocyte and platelet counts, mean platelet volume (fL), and the
following indices (ratios): neutrophil-to-lymphocyte, platelet-to-lymphocyte, monocyte-
to-lymphocyte, monocyte-to-neutrophil, and platelet-to-mean platelet volume (10'2/fL).
The ELISA kits were used to measure serum concentrations of hs-CRP (DRG® CRP, DRG
International Inc., Springfield, NJ, USA) and interleukin-18 (IL-18) (Human IL-18 ELISA
Kit, Thermofisher Scientific, Vienna, Austria).

The remaining biochemical parameters were evaluated using standard local laboratory
methods (dry chemistry (VITROS 5600, Ortho Clinical Diagnostics, Raritan, NJ, USA)).
Abnormal albuminuria was defined as an albumin-to-creatinine ratio equal to or exceeding
30 mg/g [17]. We defined hyperuricemia as a serum uric acid concentration exceeding
5.5 mg/dL [23].

Because of the retrospective nature of the study, three sets of data were incomplete:
urinary albumin excretion (n = 85), duration of pregnancy (n = 72), and birth weight
(n=53).

The participants” data was analyzed with Statistica 13.0 PL (TIBCO Software Inc.,
Palo Alto, CA, USA). The heatmaps were prepared using Python 3.12 (Python Software
Foundation, Wilmington, DE, USA). Based on the literature data, we estimated the sample at
30 children in each group (statistical power of 0.8, p = 0.05, effect size of 0.50). We presented
the results as numbers, mean values with standard deviation (SD), and interquartile range
(IQR). We implemented the statistical tests (depending upon the variables’ distribution):
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the Shapiro-Wilk test (test for normality of data sets), student ¢-test, the U Mann-Whitney
test, Pearson’s linear correlation, Spearman’s rank correlation, chi-square test, and receiver
operating characteristic (ROC) analysis. A general regression model (GRM) was created to
perform a multivariate analysis. Parameters that correlated with BPV with p < 0.10 were
included in the final GRM analysis. A p < 0.05 was considered statistically significant.

3. Results

We provide the basic parameters of the studied children in Table 1. Age and sex were
comparable in both groups. BMI was significantly higher in children with PH compared
to their healthy peers. There were 19 (33.9%) overweight and 17 (30.4%) obese children
in the PH group. The groups did not differ in serum urea and creatinine, but uric acid
was significantly higher in patients with PH. Thirty-four (50.6%) patients with PH had
hyperuricemia. Regarding lipid parameters, HDL-cholesterol concentrations were signif-
icantly lower, and triglyceride concentrations were significantly higher in patients with
PH. As for markers of subclinical inflammation, the groups differed significantly in hsCRP
concentration, neutrophil, monocyte, and platelet counts, as well as in the following indices:
NLR, MNR, and PMPVR. There was no difference in interleukin 18 concentration.

Table 1. Clinical, biochemical, and inflammatory parameters in studied children.

Parameter Primary Hypertension Control Group p

Number of patients (1) 56 30 -
Age [years] 15.1 £ 2.3 (13.9-16.8) 149 +£ 1.4 (13.8-15.9) 0.159
Sex [M/F] 40/16 19/11 0.472

Duration of PH [months] 12.57 £ 0.86 (3.0-17.0) - -
Duration of pregnancy [weeks] 39.3 £+ 2.0 (40.0-40.0) 39.5 + 1.5 (40.0-40.0) 0.564
Birth weight [g] 3201.1 £ 634.9 (2920-3600) 3435.4 £ 416.3 (3050-3790) 0.133
BMI Z-score 1.47 + 0.86 (0.92-2.16) 0.13 + 0.72 (—0.30-0.75) <0.001
Serum creatinine [mg/dL] 0.8 + 0.2 (0.6-0.9) 0.7 + 0.1 (0.6-0.8) 0.129
Serum urea [mg/dL] 26.4 + 5.7 (22.5-30) 25.1 4 5.5 (22-28) 0.328
Serum uric acid [mg/dL] 6.1 £ 1.5(5.2-6.9) 514+ 1.1(4-5.7) 0.002
Serum total cholesterol [mg/dL] 163.9 + 26.0 (145.5-179) 157.2 + 30.7 (133-182) 0.233
Serum LDL-cholesterol [mg/dL] 90.4 + 24.3 (69.5-105.7) 86.2 + 27.2 (64.6-109) 0.447
Serum HDL-cholesterol [mg/dL] 50.7 4+ 12.9 (43-58.5) 57.8 + 11.1 (50-65) 0.013
Serum triglyceride [mg/dL] 113.7 £ 56.9 (65.5-144) 65.7 + 25.9 (50-78) <0.001
Urinary ACR [mg/g] 17.5 £ 47.2 (5.0-11.4) 9.8 +£8.7(4-11.8) 0.566
hsCRP [mg/L] 49 +£52(1.5-7.3) 2.8 £54(0.5-1.9) <0.001
IL-18 [pg/mL] 81.8 £ 76.7 (21.6-130.4) 92.5 + 58.1 (43.7-117.5) 0.201
Neutrophil count [x103/uL] 3.89 + 1.44 (2.88-4.80) 2.63 + 0.96 (1.94-3.16) <0.001
Monocyte count [ x103 /L] 0.56 £ 0.17 (0.45-0.65) 0.46 + 0.14 (0.34-0.53) 0.003
Lymphocyte count [x10%/pL] 2.44 + 0.88 (1.90-2.71) 2.09 + 0.49 (1.70-2.38) 0.060
Platelet count [x103/pL] 263.7 + 55.3 (227.0-297.0) 239.2 + 52.6 (215-258) 0.037
Mean platelet volume (MPV) [{L] 10.44 + 1.34 (9.70-11.35) 10.92 4+ 0.73 (10.20-11.50) 0.069
Neutrophil-to-lymphocyte ratio (NLR) 1.73 + 0.88 (1.22-2.0) 1.27 + 0.41 (0.92-1.55) 0.005
Platelet-to-lymphocyte ratio (PLR) 117.15 + 34.25 (88.75-137.87)  118.59 + 32.35 (98.04-145.68)  0.851
Monocyte-to-lymphocyte ratio (MLR) 0.25 + 0.08 (0.19-0.30) 0.22 + 0.06 (0.18-0.26) 0.173
Monocyte-to-neutrophil ratio (MNR) 0.16 + 0.06 (0.11-0.19) 0.19 + 0.05 (0.14-0.22) 0.010
Platelet-to-MPV ratio (PMPVR) (1012/fL)  25.81 = 6.76 (20.85-30.09) 22.02 + 5.11 (19.8-23.45) 0.010

M-—male; F—female; PH—primary hypertension; BMI—body mass index; LDL—low-density lipoprotein;
HDL—high-density lipoprotein; ACR—urinary albumin-creatinine ratio; hsCRP—high-sensitivity C-reactive
protein; IL-18—interleukin-18.

Table 2 shows the blood pressure values and variability in both groups. All blood

pressure indices were significantly higher in the study group compared to the healthy peers.
Notably, the groups did not differ in their heart rates. We found numerous differences in in-
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dices of blood pressure variability between the groups. Patients with primary hypertension
had significantly higher 24 h ABPM SBP and MAP standard deviations, 24 h rate-pressure
index, 24 h weighted SBP, DBP, and MAP variations, and a lower 24 h coefficient of SBP
variation. Non-dipping pattern of BP rhythm was found in 17/56 (30.4%) patients with PH,
and in 7/30 (23.3%) healthy children (p = 0.489).

Table 2. Blood pressure and blood pressure variability in the studied children.

Parameter Primary Hypertension Control Group p
Office SBP [mm Hg] 141.7 £+ 10.2 (135-148) 113.5 + 7.6 (109-119) <0.001
Office SBP Z-score 2.26 £+ 0.90 (1.81-2.94) —0.15 £ 0.81 (—0.64-0.44) <0.001
Office DBP [mm Hg] 83.1 £ 10.2 (76-91) 65.1 £ 5.8 (60-69) <0.001
Office DBP Z-score 2.39 + 1.39 (1.36-3.47) —0.01 £+ 0.81 (—0.66-0.55) <0.001
24 h ABPM SBP [mm Hg] 134.6 £+ 5.3 (131-138.5) 113.4 + 5.9 (110-118) <0.001
24 h ABPM SBP Z-score 2.34 £+ 0.86 (1.73-2.76) —0.31 £ 0.68 (—0.85-0.25) <0.001
24 h ABPM DBP [mm Hg] 722+ 7.1 (69-77) 62.7 & 3.8 (60-66) <0.001
24 h ABPM DBP Z-score 0.77 £ 1.27 (0.20-1.54) —091 £0.74 (—1.37-—0.42)  <0.001
24 h ABPM MAP [mm Hg] 92.2 + 6.3 (87-96) 75.9 + 4.7 (73-78) <0.001
24 h ABPM MAP Z-score 1.52 £+ 1.26 (0.71-2.04) —1.05 + 0.68 (—1.44-—0.78)  <0.001
PP 24 h 62.4 + 7.2 (58.5-68) 50.9 + 5.4 (47-55) <0.001
HR [bpm] 77.0 £ 12.0 (69-87) 74.6 9.4 (75-84) 0.338
24 h HR Z-score —0.22 £+ 1.39 (—1.14-0.68) —0.66 £ 1.35 (—0.92-0.23) 0.176
SBPL/24 h (%) 57.8 + 19.4 (41-74) 7.8 £ 6.2 (3-10) <0.001
DBPL/24 h (%) 25.7 + 19.4 (13-37) 3.9 £ 3.6 (1-6) <0.001
24 h ABPM SBP SD 13.7 + 2.5 (11.9-15.4) 12.6 + 1.8 (11-14) 0.036
24 h ABPM DBP SD 11.3 + 2.5 (9.5-12.8) 10.7 + 2.1 (9.3-11.3) 0.225
24 h ABPM MAP SD 114 + 2.6 (9.7-12.7) 10.0 + 1.9 (8.7-10.9) 0.009
24 h ABPM HR SD 12.5 + 3.4 (9.8-14.5) 12.0 + 3.5 (9.1-14.6) 0.602
SBP DIP [%] 11.8 £5.5(8.9-15.2) 12.9 + 4.3 (10.5-16) 0.337
DBP DIP [%] 16.4 + 8.6 (11-21.6) 19.6 + 7 (15.7-24.4) 0.083
Morning BP surge [mm Hg] 10.9 + 12 (4-18) 15.2 + 8.1 (9-23) 0.066
24 h ABPM PP/SBP 0.46 £ 0.05 (0.43-0.48) 0.45 £+ 0.03 (0.43-0.47) 0.128
24 h rate—pressure index [bpm x mm Hg] 10,352 + 1584 (9205-11,228) 8466 + 1203 (7810-9266) <0.001
24 h weighted SBP variation 11.4 £ 1.8 (10.2-12.5) 10.3 +£ 1.8 (9.1-11.8) 0.009
24 h weighted DBP variation 9.6 + 1.7 (8.3-10.8) 8.7 £ 1.8 (7.6-10.3) 0.033
24 h weighted MAP variation 9.2 +1.6(7.9-9.9) 8.0 + 1.7 (6.8-9.8) 0.002
24 h coefficient of SBP variation [%] 10.2 + 1.9 (8.9-11.5) 11.1 + 1.6 (9.9-12.7) 0.012
24 h coefficient of DBP variation [%] 15.8 + 3.5 (13.3-18.4) 17.1 + 3.6 (14.8-18.1) 0.237
24 h coefficient of MAP variation [%] 12.4 +£ 2.8 (10.3-14.1) 13.2 £2.4(11.7-13.9) 0.134
AASI 0.39 + 0.14 (0.32-0.50) 0.38 &+ 0.11 (0.30-0.46) 0.709

SBP—systolic blood pressure; DBP—diastolic blood pressure; ABPM—ambulatory blood pressure monitor-
ing; MAP—mean arterial pressure; PP—pulse pressure; HR—heart rate; SBPL—systolic blood pressure load;
DBPL—diastolic blood pressure load; SD—standard deviation; DIP—blood pressure dipping; AASI—ambulatory
arterial stiffness index.

Figures 2 and 3 show the correlations between indices of blood pressure variability
and clinical and biochemical markers, and markers of subclinical inflammation in patients
with primary hypertension and healthy children. In hypertensive patients, MAP 24 h
SD correlated positively with MNR (r = 0.290, p = 0.030); HR 24 h SD correlated with
lymphocyte count (r = 0.372, p = 0.005), diastolic blood pressure dipping correlated with
BMI Z-score (r = —0.314, p = 0.019), platelet count (r = —0.334, p = 0.012), MNR (r = 0.264,
p = 0.0049), and PMPVR (r = —0.298, p = 0.026); 24 h PP /SBP correlated with platelet count
(r=—0.269, p = 0.045); 24 rate—pressure index correlated with age (r = —0.361, p = 0.006),
neutrophil count (r = 0.384, p = 0.004), lymphocyte count (r = 0.282, p = 0.036), platelet count
(r=0.402, p =0.002), MNR (r = —0.294, p = 0.028), PMPVR (r = 0.282, p = 0.036), and total
cholesterol (r = 0.270, p = 0.045); 24 h weighted SBP variation correlated with birth weight
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(r = —0.478, p = 0.009); 24 h coefficient of SBP variation correlated with MNR (r = 0.269,
p = 0.045); 24 h coefficient of DBP variation correlated with platelet count (r = —0.296,
p =0.027); and 24 h coefficient of MAP variation correlated with neutrophils (r = —0.293,
p =0.028) and MNR (r = 0.348, p = 0.009).

‘Study Group

Age [years] |0.053 0110 0.090 -0.242  0.080  0.014 [0.241 | 0.098

0.4

0.060 |-0.014| 0.070 | 0.025 | 0.039

AH vintage [months] -0.124|-0.050/-0.086|-0.106|-0.175 -0.072  0.009 | 0.122 0,110 -0.042| 0,070 -0.012|-0.013

Duration of pregnancy [weeks) -0.030|-0.040|-0.024 -0.187|-0.063 -0.107 | 0.096 | 0.157

0,036 |-0.075|-0.021|-0.042 | 0.093 0.3

M,,,. ] o PO

BMI| Z-score |-0.106| 0.040 |-0.098|-0.036| <0.118 -0.036/ 0.076 | 0.015 | 0,134 |0.183 | 0.111 -0.060 0.094 |-0.013| 0.105

Birth weight [g] -0.268 -0.079/-0.121 -0.079 0.007 -0.043 0.199 -0.080 -0.

-0.2

Uric acid [mgjdL] -0.029 0.064 |-0.055 -0.218| 0.056 0.006 0.095 -0.163 0.009 |-0.007|0.059  0.009 -0.053|-0.039 -0.109|-0.031

Total cholesterol [mg/dL] |-0.053| 0.096 |-0.018 -0.085 | 0.066 -0.021 -0.1: 112, 0.041 |-0.046 -0.052 -0.028|-0.083 |-0.066:

LDL cholesterol [mg/dL] |-0.059| 0.040 -0.103|-0.207| 0.008 |-0.064 -0.143 -0.123 | 0.182 | 0.006 |0.021 |-0.034 -0.072/-0.038 |-0.142 | 0.017

-0.1

HDL cholesterol [mg/dL] |o.075 |0.022 0340 0.119 | 0.214 0.103 0.136 -0.121| 0.090 |-0.228 -0.144/-0.147| 0.051 |-0.046| 0.073 -0.062

Triglyceride [mg/dL] -e.071/0.117 |0.026 0.119|-0.110|-0.028 -0.158 -0.194| 0.132 | 0.002 |0.222 | 0.145 -0.013| 0,078 | 0.038 |-0.116

ACR [mg/g] [e.a2s-0.183 0,043 -0,030| 0,169 | 0,030 |-0,192 -0,191 -0,198/-0,178 -0.129 -0.162 -0.149 | 0.111 - 0.0

High-sensitivity C-reactive protein (hs-CRP) [mg/L] [0.022 | 0.027 |-0.050 -0.113|-0.079 -0.072 -0.165| 0.130 |-0.024 0.130 | 0,242 | 0,180 | 0.064 | 0135 | 0.011 | 0.112

R Value

Interleukin-18 (IL-18) [pg/mL] |0.038 |0.056 | 0.022  0.043 | 0.061 | 0.129 |-0.083|0.167 |-0.043| 0.148 | 0.093 | 0.078 | 0.086 | 0.208 | 0.124 |-0.033

--0.1

Neutrophil count [1000/pL] -0.195 -0.143}-0.252| 0.197 |-0.243 -0.108 -0.064|-0.193 -0.125)-0.183 -0.200 -0.218 -0.240 0.061

.009 |0.025 |-0.003 | 0.225 |-0.034 -0.035 |-0.068 -0.1 0.014 | 0.040 | 0.018 |-0.009-0.041 | 0.005 |-0.083/
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Figure 2. Heatmap of correlations between markers of blood pressure variability and markers of
inflammation in patients with hypertension.

In healthy children, SBP 24 h SD correlated with NLR (r = 0.409, p = 0.025) and uric
acid (r = 0.386, p = 0.035); DBP 24 h SD correlated with NLR (r = 0.462, p = 0.010), MNR
(r=—-0.391, p = 0.033), uric acid (r = 0.422, p = 0.020), LDL-cholesterol (r = 0.37, p = 0.044);
MAP 24 h SD correlated with NLR (r = 0.507, p = 0.004) and MNR (r = —0.416, p = 0.022);
SBP dipping correlated with body weight (r = 0.361, p = 0.050); AASI correlated with
MNR (r = 0.420, p = 0.021); 24 h PP/SBP correlated with body weight Z-score (r = —0.365,
p =0.047), BMI (r = —0.382, p = 0.037), and BMI Z-score (r = —0.406, p = 0.026); 24 h rate
pressure index correlated with neutrophil count (r = 0.437, p = 0.016), and monocyte count
(r=0.457, p =0.011), NLR (r = 0.378, p = 0.039); and 24 h coefficient of MAP variation
correlated with NLR (r = 0.396, p = 0.030).
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Control Group

Age [years] 0.180 0.156 0.215 0.017 | 0.165 | 0.052 -0.097 -0.023/-0.119  0.159 0.181 | 0.247 0.168 | 0.114 0.171 -0.102
Duration of pregnancy [weeks] o110 0.098 |0.252 0.016 | 0.008 | 0.010 | 0.026 -0.227 0.054 | 0.069 | 0.205 | 0.140 | 0.026 | 0.160
Birth weight [g] |-0.235|-0.062|-0.033 0.076 | 0.213 | 0.076 |-0.125 -0.240/-0,180 -0.161 -0.019| 0,001 | 0.034 |-0.128 0.4
BMI Z-score |0.078 | 0.077 | 0.099 |-0.045| 0.258 -0.068 -0.120 -0.102 -0.104 | 0.106 |-0.022 | 0.059 -0.182
Uric acid [mg/dL] -0.060 0.159 | 0.107 | 0.150 | 0.180 | 0.096 | 0.204
Total cholesterol [mg/dL] o.102 0.183 | 0.238 | 0.032 | 0:252 | 0.105 -0.092 0,053 | 0.110 | 0.197 | 0.100 | 0.092 | 0,237 | 0.201 |-0.030
LDL cholesterol [mg/dL] |e.210 0.252 | 0.082 | 0.258 | 0.129 -0.208|0.138 | 0.138 | 0.263 | 0.184 | 0.157 -0.192
HDL cholesterol [mg/dL] 0.165|-0.224-0.015|-0.178|-0.038 -0. -0.157|-0.074 |-0.117 -0.070 -0.157 | 0.208 -0.2
Triglyceride [mg/dL] |o.0ss 0.076 | 0.011|0.119 | 0.140 | 0226 | 0.092 | 0.010 0.00a |-0.052|-0.118 | 0.059 | 0.050 | 0.027 | 0.041
ACR [mg/g] |-e.202 -o. 0.120 | 0.109 0.139 | 0.068 -0.192. 0.198|-0.069 -0.151  0.156
High-sensitivity C-reactive protein (hs-CRP) [mg/L]  0.057 -0.053 0.025 |-0.100| 0.059 |-0.148 -0.092 -0.102 0,035 | 0.022 | 0.070 |-0.034-0.153|.0.119 0.183 g
o
Interleukin-18 (IL-18) [pg/mL] -0.107 -0.168 -0.157| 0.054 |-0.114| 0.029 | 0.065 [ 0.171 |-0.021|-0.134 -0.208 |-0.191 -0.105 |-0.115 -0.077 |-0.027 Z
-0.0
Neutrophil count [1000/pL] |e.257 | e.235 -0.0040.039 | 0.046 -0.180 0.194 | 0.232 | 0.184 | 0.124 | 0.166 -0.234
Monccyte count [1000/pL] |0.099 -0.005|-0.012| 0.045 |-0.13 0.058 0.196 | 0.079 | 0.085 | 0.079 |-0. 0.079
Lymphocyte count [1000/pL] |-0.089 -0.159 -0.164 0.083| 0,205 | 0.108 | -0,072|-0.035 0,096 -0.170 -0.173 -0.032
Platelet count [1000Q/uL] -0.03a  0.025 | 0.016 | 0.170 |-0.044| 0.094 |-0.204 0.029 |-0.018 |-0.001 -0.048 |-0.072|-0.044 |-0.078
Mean platelet volume [fL] o0.1aa 0.245 | 0.037 | 0.108 0.002 | 0.066 | 0.014 | 0.215 | 0.128 | 0.127 0.256
--0.2
Neutrophil-to-lymphocyte ratio (NLR) 0.193 | 0.242 0.250 -0.139
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Figure 3. Heatmap of correlations between markers of blood pressure variability and markers of
inflammation in healthy children.

We performed a ROC analysis to determine the immunological determinants of non-
dipping status in children with primary hypertension (Table 3). Only the lymphocyte
count was a significant predictor of non-dipping status with a good diagnostic profile (area
under the curve, sensitivity, and specificity). The cut-off point for lymphocyte count was
2.59 [x103/uL] (Figure 4).

Table 3. Diagnostic accuracy of markers of subclinical inflammation in predicting non-dipping status
in children with primary hypertension.

Parameter ‘éfiigg;;: g‘lt; C‘l;ath?eff Sensitivity ~ Specificity ACC

hsCRP [mg/L] 0.509 (0.344-0.675)  0.915 2.54 0.846 0.294 0.735

IL-18 [pg/mL] 0.520 (0.354-0.686)  0.810 7.7 0.294 0.821 0.661

Neutrophil count [x103/uL] 0.574 (0.422-0.726)  0.341 348 0.765 0.487 0.571
Monocyte count [x103/uL] 0.579 (0.416-0.742)  0.341 0.51 0.765 0.462 0.554
Lymphocyte count [ 10%/uL] 0.656 (0.510-0.803)  0.037 2.59 0.588 0.744 0.696
Platelet count [ x 103 /L] 0.659 (0.490-0.828)  0.065 320 0.353 0.974 0.786

Mean platelet volume (MPV) [fL] 0.534 (0.370-0.698)  0.685 10.6 0.590 0.647 0.607
Neutrophil-to-lymphocyte ratio (NLR) 0.502 (0.347-0.657)  0.977 2.54 0.179 1.000 0.429
Platelet-to-lymphocyte ratio (PLR) 0.525 (0.361-0.689)  0.766 122 0.538 0.647 0.571
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Table 3. Cont.

Area Under the Cut-Off e o s
Parameter Curve (95% CI) p Value Sensitivity ~ Specificity ACC
Monocyte-to-lymphocyte ratio (MLR) 0.563 (0.401-0.725)  0.443 0.26 0.462 0.765 0.554
Monocyte-to-neutrophil ratio (MNR) 0.545 (0.382-0.708)  0.586 0.217 0.179 1.000 0.429
Platelet-to-MPV ratio (PMPVR) (1012 /fL) 0.637 (0.470-0.803)  0.107 24.8 0.706 0.564 0.607

Cl—confidence interval; ACC—accuracy; MPV—mean platelet volume; NLR—neutrophil-to-lymphocyte ratio;
MNR—monocyte-to-neutrophil ratio.

ROC curve for lymphocyte count

as a predictor of non-dipping status

0.8

0.6

Sensitivity

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 4. Receiver operating characteristic (ROC) analysis of lymphocyte count as predictor of
non-dipping status in patients with primary hypertension.

In multivariate analysis, the monocyte/neutrophil ratio was a significant immuno-
logical predictor of the following indices of blood pressure variability: 24 h ABPM MAP
SD, 24 h rate—pressure index, and 24 h weighted DBP variation. Additionally, monocyte
count was a predictor of 24 h rate-pressure index, and hsCRP predicted 24 h weighted DBP
variation (Table 4).

Table 4. Multivariate analysis (general linear model) of determinants of blood pressure variability
indices in patients with primary hypertension.

Blood Pressure Variability Index Predictor Standardized Beta
(Dependent Variable) (Independent Variable) (95% CI) P
24 h ABPM MAP SD MNR 0.290 (0.029-0.551) 0.030
} . Age [years] —0.336 (—0.572-—0.101) 0.006
24h r[itemlﬁfj‘ﬁe index Monocytes [x103/pL] 0.281 (0.041-0.521) 0.023
p & MNR ~0.348 (—0.587-—0.108) 0.005
Age [years] 0.298 (0.001-0.596) 0.049
. " hsCRP [mg/L] 0.310 (0.055-0.564) 0.018
24 h weighted DBP variation MNR 0.286 (0.032-0.540) 0.028
Sex (M/F) —0.364 (—0.663——0.065) 0.018

Cl—confidence interval; ABPM—ambulatory blood pressure monitoring; MAP—mean arterial pressure;
SD—standard deviation; MNR—monocyte-to-neutrophil ratio; DBP—diastolic blood pressure; hsCRP—high-
sensitivity C-reactive protein; M—male; F—female.
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4. Discussion

In our single-center cross-sectional study, we have shown that children with primary
hypertension, compared to healthy peers, were characterized by significantly higher mark-
ers of subclinical inflammation, i.e., hsCRP, neutrophil, monocyte, and platelet counts, and
the following indices: neutrophil-to-lymphocyte ratio and platelet-to-mean platelet volume
ratio; conversely, the monocyte-to-neutrophil ratio was significantly lower in hypertensive
children. Children with PH were characterized by significantly higher values of blood
pressure variability indices, 24 h ABPM SBP SD, 24 h ABPM MAP SD, 24 h rate—pressure
index, 24 h weighted SBP, DBP, and MAP variations, and lower 24 h coefficient of SBP
variations. In children with PH, we found numerous correlations between markers of
subclinical inflammation and markers of blood pressure variability, such as between MAP
24 h SD and MNR, or between the 24 h rate-pressure index and neutrophil, lymphocyte,
and platelet counts. In ROC analysis, lymphocyte count was a significant predictor of
non-dipping status. Multivariate analysis revealed that MNR was the most common
independent determinant of variation indices in children with PH.

Measuring office blood pressure values remains the gold standard for the diagnosis
and monitoring of hypertensive patients. Recent studies have shown that the evaluation of
BP variability is important in assessing patients’ cardiovascular risk [8,24,25]. Increased
BPV is positively correlated with risk of hypertension-mediated organ damage, negative
sequelae, and all-cause mortality [11,26]. A meta-analysis of 41 papers showed that long-
term, mid-term, and short-term variability are associated with cardiovascular risk above
the effect of the mean blood pressure [27]. Controlling BPV in addition to decreasing BP
may be another goal for the treatment of patients with arterial hypertension [11]. Blood
pressure variability was found to be correlated with blood pressure values. Thus, indices
of BPV are higher in patients with arterial hypertension compared to normotensives [28].
It was also revealed that a reduction in blood pressure proportionally decreases blood
pressure variability [10].

In our cohort, numerous indices of blood pressure variability were significantly higher
in hypertensive children compared to healthy ones. This is in line with adult studies where
hypertensive patients were also characterized by increased BP variability [29]. In children,
similarly to adults, increased blood pressure variability was found to be a risk factor for
hypertension-mediated organ damage. A recently published American SHIP AHOY study
revealed that increased BP variability is a risk factor for higher left ventricular mass index
and diastolic dysfunction [30]. Similar results were shown by authors from Egypt [31],
China [32], and Canada [33]. High blood pressure variability was also found to increase ar-
terial stiffness in children [34]. The proposed cause for increased blood pressure variability
in patients with arterial hypertension is primarily increased activity of the sympathetic ner-
vous system. Additionally, other contributing factors are mentioned, e.g., increased activity
of the renin-angiotensin—aldosterone (RAA) system, decreased arterial and cardiopul-
monary reflexes, and increased arterial stiffness [10,12]. The mechanism linking variability
to organ damage and cardiovascular risk is also unclear. It has been postulated that high
variability is a marker of sympathetic and renin—-angiotensin-aldosterone (RAA) system
activation, which in turn negatively affects target organs. Additionally, variability may be
considered a specific biomarker indicating pre-existing organ damage (vascular stiffness).
In addition, rapidly changing the load and hemodynamic stress exerted on arterioles can
lead to the development of arteriosclerosis and further organ damage [27,35,36].

In our cohort, inflammatory markers were higher in children with PH compared to
those in the healthy group. PH is considered to be a complex condition that runs the
gamut of immune disorders, metabolic disorders, and early biological aging, including
early vascular aging [5]. Our results are consistent with those of many studies in adults
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and children, including a recent meta-analysis published by our team [17]. In one of our
previous manuscripts, we also compared the severity of low-grade inflammation in patients
with white coat hypertension and found that this group of patients had a similar level of
inflammation compared to patients with PH [13].

The first reports on the relationship between arterial hypertension and inflammation
date back to the 1960s [37]. Nevertheless, it was only the discoveries of the last 25 years
(including the research of a Polish-origin researcher, Tomasz Guzik) that resulted in a
deeper understanding of the immunological processes involved in patients with primary
hypertension [38]. The current hypothesis is that factors such as a slight increase in blood
pressure and shear stress damage endothelial cells, resulting in the release of neoantigens
and stimulation of the immune system. The NLRP3 inflammasome, sympathetic overdrive,
and a high-sodium diet are additional triggers of immune activation. These factors shift the
balance of helper lymphocytes (Th) toward interleukin-17-producing lymphocytes (Th17),
while simultaneously impairing the function of regulatory lymphocytes (Tregs) [39-41].
Interleukin 17, in the absence of the inhibitory effect of Tregs, causes sodium retention and
vasoconstriction, which results in a further increase in blood pressure and perpetuation of
hypertension [42]. Interleukin 17, interferon-y, and tumor necrosis factor-o are considered
pro-hypertensive cytokines, whereas interleukin-10 may play a protective role [38].

As can be seen, even in this simplified model, the relationship between inflammation
and blood pressure is complex, and in clinical practice, it is not easy to pinpoint which
came first. Add to this the influence of obesity, especially abdominal obesity, which is itself
associated with elevated inflammatory markers, and the situation becomes more complex.
Adipose tissue, especially visceral adipose tissue, is a source of many pro-inflammatory
and blood pressure-raising substances [43]. It should be noted that overweight or obesity is
present in more than half of children and adolescents with primary hypertension [44].

Our analysis revealed numerous positive correlations between BP variability indices
and inflammatory markers. Similar results were already found in adult studies for in-
terleukin 6 [18,36], CRP [45,46], and VCAM-1 [46]. Interestingly, Greek authors reported
significantly higher indices of blood pressure variability compared to healthy controls
in normotensive patients with psoriasis, an immune-mediated chronic inflammatory dis-
ease [47]. Additionally, in patients with systemic lupus erythematosus, blood pressure
variability indices have been shown to correlate positively with disease activity [48,49].

Multivariate analysis revealed that CRP concentration, monocyte count, and MNR
were the strongest predictors of blood pressure variability in our cohort of hypertensive
subjects. Elevated CRP is a well-known predictor of cardiovascular events and correlates
positively with the risk of all-cause and cardiovascular death in adults [50]. Elevated CRP
has also been described by other authors in children with primary hypertension [17]. Our
study aligns with existing adult data, which suggests a positive association between CRP
concentration and blood pressure variability indices [45,46].

Monocyte count and the monocyte/neutrophil index are recently studied markers of
subclinical inflammation [51-54]. Their importance may be the consequence of the potential
role of monocytes in raising blood pressure [55,56], the development of left ventricular
hypertrophy [57], and finally in the formation of atherosclerotic lesions (as lipid-packed
macrophages—foam cells) [58]. In our previous study, we demonstrated that MNR was
the most significant immunological predictor of left ventricular hypertrophy in untreated
children with primary hypertension [59]. The results of this study provide further evidence
of the utility of MNR. There is no doubt that the usefulness of this simple and everywhere
available index should be evaluated in prospective and interventional studies.

Musiat et al. [21] revealed numerous correlations between CBC-derived markers
of inflammation and blood pressure (BP) variability in pediatric patients with arterial
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hypertension (the authors analyzed primary and secondary hypertension separately).
Notably, many of these correlations (NLR, PLR) were negative, and the authors analyzed
only one index of BPV—the standard deviation of ABPMs [21]. In the study by Musial,
LMR was the strongest predictor of blood pressure (BP) variability, and this association
was observed for both primary and secondary hypertension, as well as for dippers and
non-dippers [21]. It is difficult to clearly explain the differences in results between our
study and the above study. We used the same apparatus for ABPM, i.e., Suntech Oscar
2 (SunTech Medical, Inc., Morrisville, NC, USA), and the age of the children studied and
the size of the groups were also comparable. Many of the correlations shown in univariate
analysis may be apparent but do not account for additional confounding factors. Hence, in
our study, we conducted multivariate analysis, which highlighted the importance of the
MNR index as a predictor of variability.

It is important to highlight the differences between this study and previous studies
by our team and other teams. The topic of differences in inflammatory parameters has
already been the subject of many papers, including the meta-analysis we published [17].
Nonetheless, this is the first pediatric paper, except for the cited study by Musial et al. [21],
that analyzes the parameters of pressure variability and the relationship between variability
and inflammation in a pediatric population with PH. This is what we believe distinguishes
our results as innovative and original.

The exact pathophysiological link between BP variability and inflammation has not
been elucidated. Interesting data have been provided by studies on an animal model
of blood pressure (BP) variability, specifically sinoatrial denervation (SAD) in rats. In
these animals, blood pressure (BP) variability and inflammatory markers are elevated,
and increased organ damage is observed [60]. Interestingly, sinoatrial denervation in
spontaneously hypertensive rats (SHRs) increased the hypertrophy and fibrosis of the
myocardium and impaired systolic function without increasing blood pressure values.
SAD raised the expression of transforming growth factor-beta and chemoattractant protein-
1, and induced infiltration of myocardium with macrophages [61]. Additionally, in these
rats, anti-inflammatory treatment (indomethacin and vitamin E) decreased myocardial and
vascular fibrosis and the infiltration of inflammatory cells, and alleviated renal damage [62].

The non-dipping phenomenon is one of the most studied variabilities in both the child
and adult populations. A non-dipping pattern is independently associated with increased
cardiovascular risk in adults [63] and increased risk for HMOD in children [64]. In our
recent study, we found that a disturbed circadian BP profile was common in children with
primary hypertension; thus, it should not be considered a marker of secondary hyperten-
sion. Non-dipping was associated with higher left ventricular mass, and extreme dipping
was associated with arterial stiffness [65]. In this study, we revealed no differences between
patients with PH and healthy patients in terms of SBP or DBP dipping. In our hypertensive
patients, systolic blood pressure dipping correlated negatively with BMI and inflammatory
indices, negatively with platelets, and positively with MNR and PMPVR. In the control
group, diastolic blood pressure dipping correlated positively with MNR. In a ROC analysis,
lymphocyte count was the only significant predictor of non-dipping pattern. Similarly, in
numerous adult studies, a non-dipping pattern was associated with elevated inflammatory
markers—NLR [58], PLR [58], MLR [58], MPV [59], soluble intercellular adhesion molecule-
1 [60], hsCRP [59,61], and the monocyte/cholesterol ratio [66]. Hence, our results confirm
the relationship between inflammation and the non-dipping phenomenon, which in turn
may increase the risk of HMOD and cardiovascular complications.

In a Turkish adult study, interleukin-18 was not only higher in patients with newly
diagnosed hypertension compared to the control group, but its concentration was strictly
related to the non-dipping pattern [67]. Interleukin-18 is a pro-inflammatory cytokine
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produced mainly by monocytes and macrophages and boosts interferon 'y production by T
and NK lymphocytes. Both interleukin-18 and its receptors were found in endothelium
and vascular smooth muscle cells [68]. In our pediatric cohort, there were no differences in
concentrations of this cytokine between patients with PH and the control group. Also, no
correlations with variability or dipping were revealed. This difference may be due to less ad-
vanced vascular changes (children with primary hypertension do not have atherosclerosis,
and arterial changes are adaptive and are described as arteriosclerosis) [69].

It is worth noting the different relationships between inflammatory markers and
markers of variability in the two groups. Thus, for example, for the already discussed
MNR, the correlations in the study group were primarily positive, while those in the
control group were mostly negative. Considering the difference in MNR values between
the groups, this may indicate significant differences in cardiovascular regulation in healthy
and PH children. It has been shown that children with PH differ in many biological aspects
from their healthy peers. Among other things, Litwin’s group showed differences in body
composition (increased fatty tissue) [70] and a more advanced vascular [71] and skeletal
age [72] in adolescents with PH.

The ambulatory arterial stiffness index is an indirect marker of vascular stiffness [23].
Although a recently published meta-analysis showed that in adults, higher AASI is a risk
factor of all-cause and cardiovascular death, stroke, and major adverse cardiovascular
events [73], its usefulness in children is questioned [74]. In our study, there were no
differences in AASI between the groups. Moreover, only in the group of healthy children
was there a significant positive correlation between AASI and MNR. The measurement of
aortic pulse wave velocity (using applanation tonometry or oscillometry) remains the gold
standard of evaluation of arterial stiffness in children. In one of our previous manuscripts,
we found that NLR might be a promising biomarker of local and central arterial stiffness in
adolescents with PH [16].

The strengths of our study are as follows: the evaluation of a homogeneous group of
patients with untreated primary hypertension, with no factors that could influence inflam-
mation status. The group size was sufficient to draw reliable conclusions. Additionally, it is
worth noting that a significant number of indicators of pressure variability and numerous
markers of subclinical inflammation were examined. The undoubted limitations of this
study are its cross-sectional nature and lack of evaluation of organ changes. Although the
ABPM device used has passed validation, it has only been validated in the adult patient
population, and ESH recommends its use in these patients. The group was very homoge-
neous; therefore, it is unclear whether one can generalize our results to other populations,
such as young adults or patients from different ethnic groups. Finally, we cannot exclude
other hidden sources of inflammation in our patients, such as those who do not undergo
ear, nose, and throat or dental examinations [75].

5. Conclusions

Our study revealed that children with primary hypertension have higher markers
of subclinical inflammation and also significantly higher blood pressure variability. We
have also found multiple correlations between these two sets of data. Multivariate analysis
suggests that the monocyte-to-neutrophil ratio might be the most useful biomarker of blood
pressure variability in hypertensive children. Conversely, lymphocyte count may be a
significant predictor of non-dipping status.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm14165737/s1. Table S1: Patient data (Table S1 patient_data.xlsx).
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7. Dyskusja

7.1. Podsumowanie najwazniejszych wynikow

Systematyczny przeglad piSmiennictwa wykazal, ze dzieci z NTP cechujg si¢ istotnie
wyzszymi markerami subklinicznego zapalenia w poréwnaniu do zdrowych rowiesnikoéw:
stezeniem hsCRP i stezeniem czasteczek adhezyjnych (ICAM-1 i VCAM-1) oraz parametrow
pochodnych morfologii: liczbg neutrofilow, monocytéw, ptytek krwi oraz wskaznikami
neutrofilowo-limfocytarnym i1 monocytowo-limfocytarnym.

Analiza wieloczynnikowa przeprowadzona w ramach pierwszej pracy oryginalnej
wykazata, ze znaczenie roznicujace te dwie grupy chorych moga mie¢ szczegoélnie liczba
neutrofildow 1 wskaznik monocytowo-limfocytarny. Praca wykazala takze, ze pacjenci
z nadci$nieniem tetniczym pierwotnym i pacjenci z nadci$nieniem te¢tniczym biatego fartucha
charakteryzuja si¢ podobnym nasileniem subklinicznego stanu zapalnego. W kolejnej
publikacji wykazatam istnienie zalezno$ci pomiedzy subklinicznym stanem zapalnym
a przerostem masy lewej komory u dzieci z NTP. Przeprowadzone badania zidentyfikowaty
wskaznik monocytowo-neutrofilowy jako potencjalny marker przerostu migsnia lewej komory
serca w tej grupie chorych. Ponadto wykazatam, ze zmiennos¢ ci$nienia tgtniczego zard6wno
u dzieci zdrowych jak 1 u dzieci z NTP wigze si¢ z nasileniem subklinicznego stanu zapalnego
przy czym wskaznik monocytowo-neutrofilowy wydaje si¢ by¢ najlepszym markerem
zmienno$ci ci$nienia t¢tniczego u dzieci z NTP. Stwierdzitam takze, Zze podwyzszona liczba

limfocytoéw moze wskazywac na zaburzony profilu dobowy cis$nienia tetniczego u dzieci z NTP.

7.2. Markery subklinicznego stanu zapalnego u dzieci z NTP

Biatko C-reaktywne (CRP) to biatko produkowane przez hepatocyty w odpowiedzi
na bodzce prozapalne. CRP jest istotnym czynnikiem ryzyka sercowo-naczyniowego 1 koreluje
u dorostych z nasileniem zmian naczyniowych, ryzykiem zdarzen sercowo-naczyniowych
oraz $miertelnoscig [72]. Meta-analiza Jayedi 1 wsp. przeprowadzona u pacjentow dorostych
wykazata, ze wyzsze stezenia hsCRP wigzaly si¢ z ryzykiem rozwoju nadci$nienia tetniczego
[73]. Moje wyniki jednoznacznie potwierdzily, ze pacjenci pediatryczni z NTP cechujg sie

wyzszym stezeniem hsCRP. Na podstawie wynikdéw mojej meta-analizy oraz badania
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oryginalnego mozemy stwierdzié, ze stezenie hsCRP jest waznym, powtarzalnym biomarkerem
nadci$nienia tetniczego pierwotnego u dzieci.

W pracy oryginalnej nie wykazali$my roznic stezen interleukiny 18 pomigdzy dzie¢mi
z NTP a zdrowymi rowiesnikami. W meta-analizie nie wykazaliSmy natomiast réznicy
pomiedzy tymi grupami dla interleukiny 6. W badaniach u dorostych zaréwno jedna jak 1 druga
molekuta wigzaly si¢ z ryzykiem rozwoju nadci$nienia tetniczego i jego powiktan [58, 74, 75].
Przeprowadzone przez nas badania nie wskazuja jednak, aby ocena st¢zenia tych cytokin miata
znaczenie w roznicowaniu dzieci normotensyjnych i z nadci$nieniem. Interleukina 18
nie korelowata takze w moich badaniach z masg mig¢snia lewej komory serca.

Podwyzszone stezenia rozpuszczalnych form czasteczek adhezyjnych: ICAM-1
i VCAM-1, wskazuja na aktywacj¢ ukladu odpornosciowego i dysfunkcje s$rddblonka.
Ich ekspresja na komodrkach srédblonka wzrasta w odpowiedzi na rézne bodzce prozapalne.
Czasteczki adhezyjne utatwiaja migracj¢ komoérek zapalnych do tkanek i sprzyjaja rozwojowi
miazdzycy i uszkodzenia narzadowego. Badania u pacjentow dorostych wskazuja, ze stezenie
czasteczek adhezyjnych, zwlaszcza ICAM-1, moze jest waznym czynnikiem prognostycznym
w chorobach uktadu krazenia [76, 77]. Podobnie, przeprowadzona przez nas meta-analiza
wykazata, ze zar6wno ICAM-1, jak 1 VCAM-1 s3 istotnie wyzsze w grupie z pacjentOw
z nadci$nieniem, co czyni je obiecujgcym biomarkerem NTP u dzieci.

Neutrofile 1 limfocyty sg kluczowymi elementami uktadu odpornosciowego. Neutrofile
to komorki odpornosci wrodzonej, ktore produkuja cytokiny, chemokiny, czynniki wzrostu
oraz metaloproteinazy. Natomiast limfocyty, ktore s3 komorkami odpornosci nabytej,
kontrolujg odpowiedz immunologiczng poprzez wydzielanie limfokin. Neutrofile 1 limfocyty
oddziatujg ze soba poprzez liczne substancje (np. wydzielany przez neutrofile transformujacy
czynnik wzrostu 3 lub wydzielang przez limfocyty interleuking 17). W zwigzku z tym ich liczba
1 wzajemne proporcje moga wskazywac na nasilenie stanu zapalnego organizmu. Sugeruje sig,
ze neutrofile mogg podwyzsza¢ cisnienie te¢tnicze m.in. poprzez wytwarzanie reaktywnych
form tlenu (ROS), zwigkszenie przepuszczalnosci srédbtonka oraz wywotywanie dysfunkc;ji
Sciany naczyniowej [78]. Z drugiej strony, obnizenie liczby limfocytow wigze sie
z pogorszeniem ogoélnego stanu zdrowia 1 obcigzeniem organizmu. Pula limfocytow
reprezentuje rézne subpopulacje o réznym wpltywie na ci$nienie krwi. Limfocyty Thl7
produkujace interleuking 17 zwigkszajga reabsorpcje sodu przez nerki [35]. Limfocyty T
regulatorowe (Treg) obnizaja ci$nienie krwi poprzez dziatanie przeciwzapalne i produkcje
interleukiny 10, ktéra sama obniza ci$nienie i poprawia funkcje Srodblonka [34]. Opublikowana

niedawno meta-analiza obejmujaca dwadziescia badan u dorostych i1 jedno badanie
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pediatryczne [62] wykazata, ze pacjenci z nadci$nieniem t¢tniczym cechowali si¢ wyzsza
wartoscig wskaznika NLR niz osoby z prawidlowym ci$nieniem te¢tniczym [79].
Przeprowadzona przeze mnie meta-analiza oraz badanie oryginalne wskazuja, ze wskaznik
NLR, a nawet sama liczba neutrofilow, moga by¢ niedrogim, szeroko dostepnym markerem
pierwotnego nadcis$nienia tetniczego u pacjentdéw w wieku rozwojowym.

Monocyty sa kolejnym elementem wrodzonego uktadu odporno$ciowego i odgrywaja
kluczowa rol¢ w reakcji zapalnej. Monocyty migruja z krwiobiegu do tkanek i rdznicujg si¢ w
rozne komorki odpornosciowe, w tym komorki dendrytyczne, makrofagi i komorki
piankowate. Proces ten wywoluje wydzielanie prozapalnych cytokin, produkcje
metaloproteinaz oraz powstawanie reaktywnych form tlenu. To ostatecznie prowadzi
do przewleklej reakcji zapalnej, dysfunkcji komoérek srodbtonka i insulinoopornosci [80, 81].
Badania u dorostych wykazatly, ze podwyzszona warto$¢ wskaznika MLR jest czynnikiem
ryzyka chordb sercowo-naczyniowych [82]. Analiza danych 4706 pacjentéw z National Health
and Nutrition Examination Survey (NHANES) udowodnita, ze podwyzszenie wskaznika MLR
wigze si¢ z ryzykiem zgonu u pacjentéw z nadci$nieniem i otyloscig [82]. Wyniki mojej meta-
analizy oraz badania oryginalnego wykazaly, Zze podwyzszona liczba monocytow i
podwyzszona wartos¢ wskaznika MLR takze moga by¢ uznane za markery nadci$nienia
tetniczego pierwotnego w wieku rozwojowym.

Wyzsza liczba plytek moze by¢ zarowno skutkiem, jak i czynnikiem predysponujacym
do reakcji zapalnej. Megakariocyty, pod wplywem cytokin zapalnych, proliferuja i zwigkszaja
produkcje plytek krwi. Z kolei plytki krwi uwalniajg tromboksan i1 inne mediatory stanu
zapalnego, stymulujg migracje monocytow, co moze nasila¢ stan zapalny 1 przyspiesza¢ rozwoj
miazdzycy [83]. Liczne meta-analizy wykazaly, ze podwyzszona wartos¢ PLR byta
niezaleznym czynnikiem gorszego rokowania u doroslych z chorobg wiencowa [83-85].
Srednia objetos¢ phytek krwi (MPV) odzwierciedla aktywacje i reaktywno$é ptytek krwi. Duze
ptytki krwi maja zwigkszong sktonno$¢ do agregacji, wykazuja wigksza produkcje
tromboksanu oraz wigkszg ekspresje czasteczek adhezyjnych. Wyzsze wartosci MPV
stwierdzano u dorostych pacjentéw z nadci$nieniem tg¢tniczymi w poréwnaniu do pacjentéw
normotensyjnych [49]. Wyniki przeprowadzonej przeze mnie meta-analizy wykazaty, ze
pacjenci pediatryczni z NTP mieli wyzsza liczbg ptytek krwi niz ich zdrowi réwiesnicy. Z
drugiej strony zar6wno w meta-analizie jak 1 w pracy oryginalnej nie wykazatam istotnych
réznic w zakresie wskaznikow PLR oraz MPV miedzy dzie¢mi z nadcis$nieniem a dzie¢mi z

prawidtowym ci$nieniem tg¢tniczym. Nalezy z ostrozno$cig podejs¢ do oceny przydatnosci
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parametrow plytek krwi jako potencjalnych markeréw NTP w wieku rozwojowym. Odpowiedz

na temat ich uzyteczno$ci mogtyby przynies¢ badania prospektywne i badania populacyjne.

7.3. Subkliniczny stan zapalny u dzieci z nadciSnieniem bialego fartucha

W pracy oryginalnej wykazalam, ze pacjenci pediatryczni z NTP 1 dzieci
znadci$nieniem biatego fartucha (WCH) cechuja si¢ porownywalnym nasileniem
subklinicznego stanu zapalnego — grupy nie roznity si¢ w zakresie st¢zenia wszystkich
ocenianych markerow stanu zapalnego w tym hsCRP. Ponadto liczby neutrofiléw i monocytow
u dzieci z WCH byly istotnie wyzsze w poroéwnaniu do grupy kontrolnej. Od wielu lat WCH
uwazane jest za stan posredni pomiedzy normotensja a utrwalonym nadci$nieniem tetniczym.
Meta-analiza 27 badan obejmujaca 25786 dorostych z nadci$nieniem bialego fartucha
wykazala, ze grupa ta cechuje si¢ istotnie zwigkszonym ryzykiem zdarzen sercowo-
naczyniowych 1 zgonu z réznych przyczyn [86]. Ponadto dane pediatryczne wskazuja,
ze juz u dzieci WCH moze by¢ obecne uszkodzenie narzadowe (przerost masy migsnia lewej
komory serca, pogrubienie kompleksu btona $rodkowa-blona wewnetrzna tetnic szyjnych
wspolnych), porownywalne do pacjentow z utrwalonym nadci$nieniem [9]. Moje wyniki
wskazuja, ze subkliniczny stan zapalny jest obecny juz u pacjentéw pediatrycznych z WCH.
Dlatego ta grupa dzieci powinna by¢ pod $cista obserwacja. Nalezy u nich ocenia¢ obecno$¢
uszkodzenia narzagdowego oraz wdrozy¢ postepowanie niefarmakologiczne majace na celu

zmniejszenie stanu zapalnego 1 zahamowanie progresji do utrwalonego nadci$nienia.

7.4. Potencjalny wplyw otylosci na nasilenie subklinicznego stanu
zapalnego u dzieci z nadciSnieniem tetniczym pierwotnym

Nalezy zauwazy¢, ze w moim badaniu pacjenci z NTP 1 WCH charakteryzowali si¢
podobnymi zaburzeniami metabolicznymi (porownywalng czestoscig wystepowania otylosci
1 nadwagi - 60% pacjentéw z NTP 1 ponad 50% pacjentéw z WCH oraz porownywalne stezenia
kwasu moczowego i lipidow), co mogto wplywac na ich parametry zapalne.

Wykazatam, ze parametry stanu zapalnego korelowaty dodatnio ze stezeniami BMI Z-
score, kwasem moczowym, cholesterolem HDL oraz st¢zeniami trojglicerydow. Podobnie Silva

pokazat w swoim przegladzie systematycznym, ze otyle dzieci mialy wyzsze stezenia CRP
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niz dzieci bez otylosci [87]. Niemniej jednak analiza wieloczynnikowa uwzgledniajgca warto$¢
BMI Z-score i warto$ci ci$nienia tg¢tniczego pozwolita na uniezaleznienie potencjalnego
wptywu nadwagi i otylosci na markery stanu zapalnego i1 wykazata, ze cisnienie tetnicze

jest niezaleznie zwigzane z nasileniem stanu zapalnego.

7.5. Zalezno$¢ pomie¢dzy subklinicznym stanem zapalnym a przerostem
lewej komory u dzieci z nadciSnieniem tetniczym pierwotnym

W moim badaniu stwierdzitam wystepowanie przerostu migsnia lewej komory serca
u okolo jednej trzeciej nieleczonych dzieci z NTP. Moje wyniki sg zblizone do tych z niedawno
opublikowanej meta-analizy obejmujacej 5620 dzieci, w ktorej wykazano obecno$¢ przerostu
lewej komory u 30,5% pacjentdow. W meta-regresji przeprowadzonej przez autorow,
czynnikiem ryzyka przerostu byta wartos¢ BMI Z-score, odpowiadajaca za 41% obserwowanej
zmienno$ci masy lewej komory [88]. W moim badaniu nie wykazatam korelacji migdzy
przerostem lewej komory a wartoscia BMI. Nie moge jednak wykluczy¢, ze brak takiej
zalezno$ci wynikal z znacznie mniejszej liczby pacjentdow niz w meta-analizie.

W powstawaniu przerostu lewej komory zaangazowanych jest wiele czynnikow
hemodynamicznych, endo-, para- i autokrynnych m.in. aktywacja uktadu RAA. Mechanizmy
immunologiczne zaangazowane w rozwdj uszkodzenia narzagdowego sa intensywnie badane
od ponad 20 lat [53]. Komorki uktadu immunologicznego oraz cytokiny prozapalne stymuluja
hipertrofi¢ kardiomiocytow, a przede wszystkim wioknienie migsnia sercowego. Uklad
odporno$ciowy dziata tutaj bezposrednio i poprzez wspoldziatanie z ukladami renina-
angiotensyna-aldosteron oraz uktadem wspoiczulnym. Badania eksperymentalne wykazaty,
ze angiotensyna Il 1 nadmiar katecholamin prowadza do powstawania efektorowych
limfocytow T, ktore przenikajag do miegs$nia sercowego. Z drugiej strony aktywacja uktadu
odpornosciowego powoduje wzrost produkcji angiotensyny II i aldosteronu, tworzac btedne
koto mechanizméw immuno-endokrynnych prowadzacych do przerostu lewej komory [89].

Badania u dorostych wykazaty zaleznos¢ pomigdzy stezeniem hsCRP oraz masg lewej
komory 1 ryzykiem przerostu lewej komory [54]. Podobng zalezno$¢ potwierdzit Assadi
w dwoch badaniach u dzieci [70, 71]. W moim badaniu nie stwierdzitam istotnych korelacji
migdzy stezeniem hsCRP a markerami przerostu lewej komory. Potencjalne przyczyny braku
takiej zalezno$ci w mojej kohorcie to inna metoda oceny hsCRP (w moim badaniu metoda

ELISA; w badaniach Assadiego metoda nefelometryczna) oraz mata grupa przebadanych
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dzieci. Autorzy z Egiptu, w badaniu obejmujagcym grupe 50 dzieci ze schytkowa
niewydolnoscig nerek (SNN) leczonych hemodializami, wykazali, ze stezenie interleukiny 18
wigzato si¢ dodatnio z ryzykiem przerostu lewej komory [90]. W moim badaniu nie wykazatam
takze zaleznoS$ci, co takze moglo wynika¢ z zastosowania zestawu do oznaczania st¢zenia
IL 18, matej liczebnosci grupy oraz bardziej nasilonego stanu zapalnego u chorych dzieci
z SNN.

Hou nie wykazat zalezno$ci pomiedzy masg lewej komory a pochodnymi morfologii
parametrami stanu zapalnego (liczba neutrofiléw, limfocytéw, monocytow, plytek krwi,
wskazniki NLR, PLR, LMR); stwierdzil natomiast istotng zalezno$¢ pomiedzy wskaznikiem
NLR a dysfunkcja rozkurczowa, ktora nie byta oceniana w moich badaniach [69]. W analizie
wieloczynnikowej wykonanej metoda regresji logistycznej wykazatam, ze jedynym istotnym
czynnikiem predykcyjnym dla przerostu lewej komory u dzieci z NTP byl wskaznik
monocytowo-neutrofilowy (MNR), ktory nie byt analizowany w badaniu Hou. W analizie ROC
punktem odcigcia wskaznika MNR zwigkszajacym istotnie ryzyko przerostu lewej komory
serca byta wartos$¢ 0,163.

Wskaznik MNR to kolejny stosunkowo nowy marker stanu zapalnego pochodny
morfologii, a dane dotyczace jego uzytecznosci sg jeszcze skape. Wykazano, ze ma znaczenie
prognostyczne u dorostych m.in. z przewlekla chorobg pluc [91], rakiem nerki [92]
1 rozwarstwieniem aorty [93]. Potencjalnym mechanizmem 1laczagcym wskaznik MNR
z przerostem lewej komory jest udzial monocytéw i makrofagdbw w procesach naprawy
i remodelingu lewej komory [94]. Uwaza si¢ m.in. ze jednym z mechanizméw czestego
wystepowania przerostu lewej komory w pierwotnym hiperaldosteronizmie jest stymulacja
makrofagdw przez aldosteron do produkcji cytokin prozapalnych i profibrotycznych, takich jak
transformujacy czynnik wzrostu  [95]. W niedawno opublikowanym badaniu autorzy z Chin
zidentyfikowali w mysim modelu nadci$nienia, wykorzystujac uczenie maszynowe, szes¢
genéw zwigzanych z monocytami i makrofagami (Ankrdl, Birc5, Nuf2, Clqtnf6, Fcgr3
1 Cdca3), ktorych ekspresja zwigkszata ryzyko przerostu migsnia lewej komory serca [96].

W  podsumowaniu, wykazatam, ze wskaznik monocytowo-neutrofilowy jest
najwazniejszym immunologicznym biomarkerem przerostu mig$nia lewej komory
u nieleczonych dzieci z nadci$nieniem te¢tniczym pierwotnym. Widz¢ potrzebg dalszych

prospektywnych badan nad tym nowym, prostym i obiecujagcym markerem u dzieci z NTP.
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7.6. Zaleznos¢ pomiedzy subklinicznym stanem zapalnym a zmiennosScia
ciSnienia tetniczego u dzieci z nadciSnieniem tetniczym pierwotnym

W swoich badaniach wykazatam, ze dzieci z nadci$nieniem tetniczym pierwotnym,
w porownaniu do zdrowych rowiesnikow, charakteryzujg si¢ istotnie wyzszymi warto$ciami
wskaznikow zmienno$ci cis$nienia tetniczego. Jest to zgodne z badaniami u dorostych,
w ktorych pacjenci z nadci$nieniem tetniczym réwniez cechowali si¢ zwiekszong zmienno$cia
ci$nienia tetniczego [97]. U dzieci, podobnie jak u dorostych, zwigkszona zmienno$¢ cisnienia
tetniczego, stanowi czynnik ryzyka uszkodzenia narzadowego. Niedawno opublikowane
badanie amerykanskie SHIP AHOY wykazato, ze zwigkszona zmienno$¢ ci$nienia wiaze si¢
z wyzszym indeksem masy lewej komory serca oraz dysfunkcja rozkurczowa [98]. Sugerowana
przyczyna podwyzszonej zmienno$ci ci$nienia u pacjentdow z nadci$nieniem tetniczym
jest przede wszystkim zwigkszona aktywnos$¢ uktadu wspédtczulnego. Dodatkowo wymienione
sg inne czynniki, np. zwigkszona aktywno$¢ RAA, uposledzona reakcja z baroreceptorow
oraz zwigkszona sztywnos¢ tetnic [15].

Moje badania wykazaty liczne dodatnie korelacje migdzy wskaznikami zmiennoS$ci
ci$nienia a markerami zapalnymi. Podobne wyniki wykryto juz w badaniach dorostych
dotyczacych interleukiny 6 [99], hsCRP i VCAM-1 [100]. Analiza wieloczynnikowa wykazata,
ze stezenie CRP, liczba monocytow oraz MNR byty najsilniejszymi predykatorami zmiennoS$ci
ci$nienia tgtniczego w badanej przeze mnie grupie dzieci z NTP. Ten wynik stanowi kolejny
dowdd na potencjalng przydatno$¢ oceny wskaznika MNR w tej grupie chorych.

W polskim badaniu autorow z Wroctawia wykazano liczne korelacje pomigdzy
markerami stanu zapalnego pochodzacymi z morfologii krwi a zmiennoscia ci$nienia krwi
oceniang jednak wylacznie jako odchylenie standardowe pomiarow. W cytowanym badaniu
wskaznik LMR byt najsilniejsza determinantg zmiennosci ci$nienia, czego nie potwierdzitam
w mojej kohorcie dzieci z NTP. Trudno jest jednoznacznie wyjasni¢ rdéznice w wynikach
miedzy tymi badaniami. Uzywali$my tego samego aparatu do ABPM, czyli Suntech Oscar 2, a
wiek badanych dzieci oraz wielkos¢ grup rowniez byty poréwnywalne. Autorzy cytowanego
badania nie przeprowadzili jednak analizy wieloczynnikowej, ktora moglaby zmienié
ostateczne wnioski z badania [61].

Ocena profilu dobowego cisnienia tetniczego jest jednym z najcze$ciej badanych
parametrow zmiennosci cisnienia zaréwno u dzieci, jak i u dorostych. Zaburzony profil dobowy
wigze si¢ u dorostych ze zwigkszonym ryzykiem zdarzen sercowo-naczyniowych a u dzieci

z ryzykiem uszkodzenia narzadowego [101]. W analizie ROC liczba limfocytow byta jedynym
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istotnym predykatorem zaburzonego profilu dobowego cisnienia. W badaniach u dorostych,
zaburzony profil ci$nienia wigzal si¢ z podwyzszonymi st¢zeniami markeréw stanu zapalnego
w tym NLR, PLR i MLR, cho¢ nie wykazano bezposredniej zaleznosci z sama liczbg
limfocytow krwi obwodowej [102, 103].

Doktadny zwigzek patofizjologiczny miedzy zmienno$cig ci$nienia a subklinicznym
stanem zapalnym nie zostal wyjasniony. Interesujace dane dostarczyly badania dotyczace
denerwacji przedsionkowo-zatokowej u szczurdw. U tych zwierzat po denerwacji ro$nie
stezenie markeré6w stanu zapalnego, zmienno$¢ cis$nienia oraz nasila si¢ uszkodzenia
narzadowe bez wzrostu ci$nienia tetniczego. Leczenie przeciwzapalne tych zwierzat
(indometacyng i witaming E) zmniejszato wtdknienie migs$nia sercowego i hamowato nacieki

zapalne w $cianie naczyn oraz zmniejszalo uszkodzenie nerek [104, 105].

7.7. Potencjalne interwencje wplywajace na stan zapalny u pacjentow
z nadcisnieniem tetniczym pierwotnym

W S$wiatowej literaturze brak jednoznacznych danych moéwiacych, czy interwencje
terapeutyczne moga wptywaé na nasilenie subklinicznego stanu zapalnego u chorych z NTP.
Dane z kilku meta-analiz u dorostych wskazuja jednak, ze zarowno interwencje
niefarmakologiczne [106, 107] jak 1 leczenie farmakologiczne (telmisartan) [108] moga
obniza¢ markery stanu zapalnego (odpowiednio: hsCRP [107], ICAM-1 1 VCAM-1 [106]
oraz IL-6 [108]).

Autorzy polscy wykazali, ze obnizenie st¢zenia hsCRP moze wigza¢ si¢ z cofaniem si¢
uszkodzenia narzadowego. Badacze przez 12 miesigcy obserwowali 86 dzieci z nadci$nieniem
tetniczym pierwotnym 1 wykazali, ze dzieci, u ktérych doszto do zmniejszenia indeksu masy
lewej komory rowniez mialy wyzszy spadek hsCRP. Niemniej jednak w analizie
wieloczynnikowe] najwazniejsza determinanta normalizacji masy lewej komory bylo
zmniejszenie obwodu talii, podczas gdy obnizenie hsCRP silnie korelowato z cofaniem si¢

zmian w tetnicach [109].

111



7.8. Zastosowanie kliniczne uzyskanych wynikow i potencjalne kierunki
dalszych badan

Przeprowadzone przeze mnie badania wskazuja, ze ocena prostych, szeroko dostepnych
1 powtarzalnych markeréw subklinicznego stanu zapalnego powinna by¢ wilaczone
do rutynowej oceny pacjentow pediatrycznych podejrzewanych o nadcisnienie tetnicze. Moje
badania wykazaly najwyzszg przydatnos¢ dla parametrow pochodnych morfologii krwi
obwodowej (liczba neutrofilow, ptytek krwi, wskaznik neutrofilowo-limfocytarny
i monocytowo-limfocytarny) oraz dla wysoko czutego biatka CRP. Ponadto wykazatam,
ze wskaznik monocytowo-neutrofilowy (warto$¢ graniczna - 0,163) moze by¢ uznany
za marker przerostu mig¢snia lewej komory serca w tej grupie chorych.

Nie ma watpliwosci, ze potrzebne sg dalsze badania obserwacyjne pozwalajace okresli¢
przydatnos¢ tych markeréw jako predykatorow rozwoju NTP oraz powstawania zmian
narzagdowych. Waznym kierunkiem dalszych badah powinna by¢ ocena wptywu interwencji
zardwno farmakologicznych jak i niefarmakologicznych na markery subklinicznego stanu

zapalnego w tej grupie chorych.

7.9. Ograniczenia przeprowadzonych badan

Silng strong przegladu systematycznego z meta-analiza bylo kompleksowe
przeszukanie literatury w glownych bazach danych oraz przeprowadzenie badania zgodnie
z uznanymi wytycznymi: PRISMA 1 Cochrane Collaboration. Ograniczeniami przegladu
systematycznego sg z pewnoscig fakt, ze 12 z 13 analizowanych badan pochodzi z Polski w tym
4 z o$rodka, w ktorym powstata meta-analiza. Nie mozna wykluczy¢ niedoszacowania
lub przeszacowania znaczenia niektorych markerow (IL-6, ICAM-1 oraz VCAM-1), ktore byly
oceniane tylko w dwoch badaniach. Nie byliSmy w stanie wlaczy¢ do meta-analizy wielu
innych markerow, poniewaz byly one oceniane tylko w pojedynczych badaniach (np. E-
selektyna). Prawie wszystkie analizowane badania miaty mniej niz 100 uczestnikéw. Ponadto
w badaniach zastosowano rézne definicje nadci$nienia tetniczego 1 rozne protokoty
wykluczajace wtorne formy nadci$nienia. ROwniez markery stanu zapalnego 1 morfologia krwi
obwodowej byly oceniane réznymi metodami. Wreszcie istnieje mozliwos$¢, ze moglismy
przeoczy¢ publikacje opublikowane w lokalnej prasie w je¢zykach innych niz angielski.

Silng strong badania oryginalnego jest analiza licznych markeré6w zapalnych, w tym
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praktycznie wszystkich ocenianych w §wiatowej literaturze markeréw pochodnych morfologii,
doktadna ocena ci$nienia tgtniczego (pomiar gabinetowy i catlodobowy), ocena bardzo wielu
markeréw zmiennosci ci$nienia i licznych indekséw oceniajacych mase lewej komory migénia
sercowego a takze uwzglednienie w analizie pacjentdéw z nadcisnieniem biatego fartucha.
Zaden z pacjentéw nie byt leczony farmakologicznie, co wyeliminowato potencjalny wptyw
lekow na markery stanu zapalnego lub uszkodzenie narzadowe. Z badania wyeliminowalis$my
takze chorych z jednostkami chorobowymi, ktére mogly wptywac na nasilenie stanu zapalnego
(np. ostre infekcje, choroby zapalne jelit, alergie).

Ograniczeniami badania s3 stosunkowo mate grupy chorych (szczegdlnie w badaniu
oceniajagcym przerost lewej komory serca) oraz przekrojowy charakter badania. To ostatnie
ograniczenie uniemozliwia mi wyciagniecie wnioskow dotyczacych zwigzku przyczynowo-
skutkowego miedzy wzrostem ci$nienia tetniczego a nasileniem stanu zapalnego.
Nie oceniatam takze diety i spozycia sodu, co mogto wptynaé na wyniki. Ponadto, pomimo
przeprowadzenia szczegdétowego wywiadu lekarskiego i doktadnego badania fizykalnego,
nie wykonano u pacjentow innych badan ukierunkowanych na poszukiwanie potencjalnych
zrodet stanu zapalnego, np. konsultacji stomatologicznej, co moglo mie¢ znaczenie

dla nasilenia stanu zapalnego i rozwoju NTP u badanych dzieci [67].
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8. Whnioski

1. Pacjenci z nadci$nieniem t¢tniczym pierwotnym cechujg si¢ podwyzszonymi
markerami subklinicznego stanu zapalnego w porownaniu do dzieci zdrowych.

2. Pacjenci pediatryczni z nadci$nieniem tetniczym biatego fartucha cechujg si¢
porownywalnym nasileniem stanu zapalnego w poréwnaniu do pacjentdw z nadci$nieniem
tetniczym pierwotnym.

3. Markerami immunologicznymi nadcis$nienia t¢tniczego pierwotnego u dzieci mogg by¢
podwyzszone stezenie hsCRP, podwyzszone stgzenie czastek adhezyjnych (ICAM-1, VCAM-
1) oraz podwyzszone wskazniki pochodne morfologii krwi: podwyzszona liczba neutrofiléw,
monocytow, plytek krwi oraz podwyzszone wskazniki neutrofilowo-limfocytarny
1 monocytowo-limfocytarny.

4. U dzieci z nadci$nieniem tetniczym pierwotnym istnieje dodatnia zalezno$¢ pomiedzy
nasileniem stanu zapalnego a masg mig¢$nia lewej komory serca i ryzykiem przerostu migsnia
lewej komory serca.

5. Wskaznik monocytowo-neutrofilowy (MNR) moze by¢ markerem przerostu migsnia
lewej komory serca u dzieci z nadci$nieniem tetniczym pierwotnym.

6. U dzieci z nadci$nieniem tetniczym pierwotnym istnieje dodatnia zalezno$ci pomiedzy
zmiennoscig ci$nienia tetniczego a parametrami stanu zapalnego — podwyzszony wskazniki
monocytowo-neutrofilowy (MNR) moze by¢ markerem zwigkszonej zmiennosci ci$nienia
tetniczego, a podwyzszona liczba limfocytéw markerem zaburzonego profilu dobowego

ci$nienia tgtniczego.
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9.

Z.goda Komisji Bioetycznej
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U, Komisja Bioetyczna

2 przy Warszawskim Uniwersytecie Medycznym
o3
> s

1% Tel.: 022/57 -20-303 ul. Zwirki i Wigury nr 61
:Q Fax: 022/57-20 -165 02-091 Warszawa

X

@QO 1809 \C,‘fg} e-mail: Komisja.bioetyczna@wum.edu.pl
T pubv www.komisja-bioetyczna.wum.edu.pl

KB/ 5% /A2023

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 12 czerwca 2023 r. po zapoznaniu si¢ z wnioskiem:

Dr hab. n. med. Piotr Skrzypczyk
Katedra i Klinika Pediatrii i Nefrologii,
ul. Zwirki i Wigury 63A, 02-091 Warszawa

dotyczgeym: akceptacji dokumentacji obejmujacych:

- Zmiany tytutu badania z ,, Wplyw zaburzen gospodarki wapniowo-fosforanowej na powstanie zmian
naczyniowych u dzieci z nadci$nieniem tetniczym.” na ,, Subkliniczny stan zapalny u dzieci

z nadci$nieniem tetniczym pierwotnym.”

- Program badania wersja 2 z dnia 07.06.2023r.,

- Informacja dla rodzica/opiekuna prawnego pacjenta wersja 2 z dnia 07.06.2023r.,

-Informacja dla pacjenta wersja 2 z dnia 07.06.2023r.,

-Swiadoma zgoda na udzial w badaniu wersja 2 z dnia 07.06.2023r.,

wyraza nastepujaca
opinie

- stwierdza, ze sa one dopuszczalne i zgodne z zasadami naukowo-e

a s Fate - akFalrdada¥e bula 'a
cty A wavwgw = = O cooorr

tycznymi*.

-Komisja dziala na podstawie regulaminu dzialania Komisji Bioetycznej przy Warszawskim
Uniwersytecie Medycznym, przyjetego zarzadzeniem Rektora WUM nr 200/2022 z dnia

18 pazdziernika 2022 r. oraz przepisow prawa powszechnie obowigzujacego, w tym przede
wszystkim ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty, ustawy z dnia

6 wrzesnia 2001 r. Prawo farmaceutyczne, ustawy z 22 kwietnia 2022 r. o wyrobach medycznych

oraz prawa miedzynarodowego lub unijnego, a takie odpowiednich norm naukowych lub
zawodowych.

Przewodni¢zacy Komisji Bioetycznej

o

Prof. dr Hab. n.med. Magdalena Kuzma-Kozakiewicz
*niepotrzebne skreéli¢

116



strona podpisowa do uchwaly Komisji Bioetycznej przy Warszawskim
Uniwersytecie Medycznym nr KB/........ 221k z dnia 12 czerwca 2023

1. Prof. dr hab. n.med. Magdalena Kuzma —Kozakiewicz . %

2. Dr hab. n. farm. Sylwia Flis

3. Prof. dr hab. n. med. Bozena Kociszewska-Najman

4. Prof. dr hab. n. med. Joanna Raszeja-Wyszomirska

5. Dr hab. n.med. Maciej Sifiski

........................

6. Dr hab. n. med. Tomasz Grzela

......................................

7. Prof. dr hab. n. med. Tomasz Jakimowicz =~ oo

8. Dr n. med. Leszek Kraj

9. Dr hab. Katarzyna Gorska

10. Dr n. med. Marcin Dziekiewicz \! \
A E‘ N »
11. Dr hab. n.med. Barbara Grzechocinska - ﬁ ,Lﬂ A2 \LUI‘ ........
12. Dr hab. nauk hum. Piotr Aszyk,SJ ~ ....¥ Lﬂ, : ﬂ\(/ )/I .......
LV 1ol My
13. Dr hab. Agnieszka Kotodzinska L0 é@(.&( Moc -
14. Dr n .med. Gustaw Lech g ——
15.drn. med. EdytaMaj e ///f” .........
16. mec. Jacek Biatobrzeski %l‘dm‘

...........................
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10. Oswiadczenia wspolautorow publikacji
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Warszawa, 26.11.2025

Dr n. med. Maciej Kolodziej

OSWIADCZENIE

Jako wspéhiutor pracy pt. ,,Association of Subclinical Inflammation Markers with
Primary Hypertension in Children-A Systematic Review with Meta-Analysis” o$wiadczam, iz
moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi: przygotowanie projektu badania i
metodyki, proces przeszukania baz danych, ekstrakcje i analizg¢ danych i interpretacjc;
wynikow, przygotowanic manuskryptu i przeglad pi$miennictwa, nadzér nad

przygotowaniem publikacj.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowal:
przygotowanie projektu badania i metodyki, proces przeszukania baz danych, ekstrakcje 1
analizc; danych 1 interpretacje wynikow, przygotowanie manuskryptu 1 przeglad

pismiennictwa.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czgs$¢ rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskie]

M @ n. me nm
"-’Lmﬁﬁarz s \@a I%/
kardiologii dZiécie cej
(podpls o$wiadczajgcego)
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Warszawa, 26.11.2025

dr hab. n. med. Piotr Skrzypczyk

OSWIADCZENIE

Jako wspotautor pracy pt. ;,Association of Subclinical Inflammation Markers with
Primary Hypertension in Children-A Systematic Review with Meta-Analysis” oswiadczam, iz
mo] wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi: przygotowanie projektu badania i
metodyki, proces przeszukania baz danych, ekstrakcj¢ i analize danych i interpretacje
wynikow, przygot;)wanie manuskryptn i przeglad pi$miennictwa, nadzér nad

przygotowaniem publikacji.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowal:
przygotowanie pl'ojéktu badania i metodyki, proces przeszukania baz danych, ekstrakcje i
analizg danych 1 interpretacj¢ wynikéw, przygotowanie manuskryptu i przeglad

pismiennictwa.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeéé rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

drbab. . med. Piotr Skrzype
jalisia cho, 6b dzicci

(podpis oswiadczajacego)
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Warszawa, 26.11.2025

Lek. Adam Bujanowicz

OSWIADCZENIE

Jako wspétautor pracy pt. ,,Subclinical inflammation in paediatric patients with
primary hypertension and white coat hypertension” o$wiadczam, iz mdj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

Wykonanie badan, zbieranie danych, analize danych i interpretacj¢ wynikdw, przygotowanie

manuskryptu i przeglad pismiennictwa,

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowat:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analiz¢ danych i interpretacj¢ wynikow,

przygotowanie manuskryptu i przeglad pismiennictwa.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeéé rozprawy doktorskiej

lek. Katarzyny Dziedzic-Jankowskie;j

aétt:/ % At e

................................................

(podpis o$wiadczajgcego)
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Warszawa, 26.11.2025

Lek. Michal Szyszka

OSWIADCZENIE

Jako wspolautor pracy pt. ,,Subclinical inflammation in paediatric patients with
primary hypertension and white coat hypertension” oswiadczam, iz mdj wihasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

Wykonanie badan, zbieranie danych, analiz¢ danych i interpretacj¢ wynikdw, przygotowanie

manuskryptu i przeglad pi$miennictwa.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowat:
Zaprojektowanie badania, przygotowanie metodyki 1 dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analizg danych i interpretacjg¢ wynikow,

przygotowanie manuskryptu i przeglad pismiennictwa.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Katarzyny Dziedzic-Jankowskiej

(podpis oswiadczajgcego)
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Warszawa, 26.11.2025

Dr hab. n. med. Anna Stelmaszczyk-Emmel

- OSWIADCZENIE

Jako wspélautor pracy pt. ,Subclinical inflammation in paediatric patients with
primary hypertension and white coat hypertension” o$wiadczam, iz moj wlasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

Przygotowanie projektu badania i metodyki, wykonanie badan w tym oznaczenie stezenia
markeréw subklinicznego stanu zapalnego (wraz z lek. Katarzyna Dziedzic-Jankowskg),
zbieranie danych, analiz¢ danych i interpretacje wynikow, przygotowanie manuskryptu i

przeglad pismiennictwa.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowat:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analize danych i interpretacje wynikow,

przygotowanie manuskryptu i przeglad pismiennictwa.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

(podpis oswiad ajacego)
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Warszawa, 26.11.2025

Dr hab. n. med. Piotr Skrzypczyk

OSWIADCZENIE

Jako wspolautor pracy pt. ,,Subclinical inflammation in paediatric patients with
primary hypertension and white coat hypertension” o$wiadczam, iz mo) wihasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

Przygotowanie projektu badania 1 metodyki, analiz¢ danych i interpretacje wynikow,
przygotowanie manuskryptu i przeglad pismiennictwa, nadzér nad przygotowaniem

publikacji.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowal:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analize danych i interpretacje wynikow,

przygotowanie manuskryptu i przeglad pismiennictwa,

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeé¢ rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

(podpis oswiadczajgcego)
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Warszawa, 26.11.2025

Lek. Michat Szyszka

OSWIADCZENIE

Jako wspoélautor pracy pt. ,,Monocyte-to-Neutrophil Ratio as an Immunological
Marker of Left Ventricular Hypertrophy in Children with Primary Hypertension” oswiadczam,
iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi:

Wykonanie badan, zbieranie danych, analize danych i interpretacje wynikéw, przygotowanie

rycin, przygotowanie manuskryptu i przeglad pismiennictwa.

Wklad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowatl:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analiz¢ danych i interpretacj¢ wynikow,

przygotowanie manuskryptu i przeglad pismiennictwa.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg¢sé rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

MM%W ________

(podpis os$wiadczajacego)
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Warszawa, 26.11,2025

Lek. Adam Bujanowicz

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Monocyte-to-Neutrophil Ratio as an Immunological
Marker of Left Ventricular Hypertrophy in Children with Primary Hypertension” o§wiadczam,
iz moj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi:

Wykonanie badan, zbieranie danych, analize danych i interpretacje wynikow, przygotowanie

manuskryptu i przeglad pismiennictwa,

Wktad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowat:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analize danych i interpretacje wynikow,

przygotowanie manuskryptu i przeglad piSmiennictwa,

Jednoczes$nie wyrazam zgode¢ na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

(podpis o$wiadczajgcego)
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Warszawa, 26.11.2025

Dr hab. n. med. Radoslaw Pietrzak

OSWIADCZENIE

Jako wspoélautor pracy pt. ,,Monocyte-to-Neutrophil Ratio as an Immunological
Marker of Left Ventricular Hypertrophy in Children with Primary Hypertension”
o$wiadczam, iz moéj whasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

Przygotowanie projektu badania i metodyki, wykonanie badan, zbieranie danych, analizg
danych i interpretacje wynikdéw, przygotowanie manuskryptu i przeglad pi$miennictwa,

nadzor nad przygotowaniem publikacji.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowal:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analiz¢ danych i interpretacje wynikéw,

przygotowanie manuskryptu i przeglad piSmiennictwa.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako cz¢sé rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiegj

*w szezegolnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badar, interpretacji wynikow
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Warszawa, 26.11.2025

Prof. dr hab. n. med. Bozena Werner

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Monocyte-to-Neutrophil Ratio as an Immunological
Marker of Left Ventricular Hypertrophy in Children with Primary Hypertension”
oswiadczam, iz moj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

Przygotowanie projektu badania i metodyki, wykonanie badan, zbieranie danych, analizg
danych i interpretacj¢ wynikow, przygotowanie manuskryptu i przeglad piSmiennictwa,

nadzor nad przygotowaniem publikacji.

Wktad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowat:
Zaprojektowanie badania, przygotowanie metodyki 1 dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analize danych i interpretacje wynikéw,

przygotowanie manuskryptu i przeglad pi$miennictwa.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

O

| Bozena Werner
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Warszawa, 26.11.2025

Dr hab. n. med. Anna Stelmaszczyk-Emmel

_OSWIADCZENIE

Jako wspotautor pracy pt. ,Monocyte-to-Neutrophil Ratio as an Immunological
Marker of Left Ventricular Hypertrophy in Children with Primary Hypertension”
oswiadczam, iz mo6j wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

Przygotowanie projektu badania i metodyki, wykonanie badan w tym oznaczenie stezenia
marker6w subklinicznego stanu zapalnego (wraz z lek. Katarzyng Dziedzic-Jankowska),
zbieranie danych, analiz¢ danych i interpretacj¢ wynikéw, przygotowanie manuskryptu i

przeglad pismiennictwa.

Wktad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikaciji obejmowal:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analize danych i interpretacje wynikow,

przygotowanie manuskryptu i przeglad piSmiennictwa.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

(podpis oswiadczajacego)
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Warszawa, 26.11.2025

Dr hab. n. med. Piotr Skrzypczyk

OSWIADCZENIE

Jako wspoétautor pracy pt. ,Monocyte-to-Neutrophil Ratio as an Immunological
Marker of Left Ventricular Hypertrophy in Children with Primary Hypertension” o$wiadczam,
iz moj wlasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowi:

Przygotowanie projektu badania i metodyki, analize danych i interpretacje wynikow,
przygotowanie manuskryptu i przeglad piSmiennictwa, nadzor nad przygotowaniem

publikacji.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowal:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analiz¢ danych i interpretacje wynikow,

przygotowanie manuskryptu i przeglad pismiennictwa,

Jednoczesnie wyrazam zgodg¢ na wykorzystanie w/w pracy jako czes$é rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskie;

(podpis o$wiadczajacego)
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Warszawa, 26.11.2025

Lek. Michat Szyszka

OSWIADCZENIE

Jako wspétautor pracy pt. ,,Blood Pressure Variability and Low-Grade Inflammation in
Pediatric Patients with Primary Hypertension” o$wiadczam, iz méj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

Wykonanie badan, zbieranie danych, analiz¢ danych i interpretacje wynikdw, przygotowanie

rycin, przygotowanie manuskryptu i przeglad pi$miennictwa.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowat:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analiz¢ danych i interpretacie wynikdw,

przygotowanie manuskryptu i przeglad pismiennictwa.

Jednoczesdnie wyrazam zgodg na wykorzystanie w/w pracy jako czesé rozprawy doktorskie;]

lek Katarzyny Dziedzic-Jankowskiej

(podpis oswiadczajgcego)

*w szczegblnosci udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa, 26.11.2025

Lek. Adam Bujanowicz

OSWIADCZENIEL

Jako wspolautor pracy pt. ,,Blood Pressure Variability and Low-Grade Inflammation in
Pediatric Patients with Primary Hypertension” oswiadczam, iz mdj wlasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

Wykonanie badan, zbieranie danych, analiz¢ danych i interpretacje wynikow, przygotowanie

manuskryptu i przeglad pismiennictwa.

Wkiad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowat:
Zaprojektowanie badania, przygotowanie metodyki 1 dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analize danych i interpretacje wynikdw,

przygotowanie manuskryptu i przeglad pismiennictwa.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czg$é rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

bee Propives

(podpis o$wiadczajgcego)

132



Warszawa, 26.11.2025

Dr hab. n. med. Anna Stelmaszczyk-Emmel

-OSWIADCZENIE

Jako wspotautor pracy pt. ,,Blood Pressure Variability and Low-Grade Inflammation
in Pediatric Patients with Primary Hypertension” os$wiadczam, iz moéj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

Przygotowanie projektu badania i metodyki, wykonanie badan w tym oznaczenie stezenia
markerdw subklinicznego stanu zapalnego (wraz z lek. Katarzyng Dziedzic-Jankowska),
zbieranie danych, analize danych i interpretacje wynikoéw, przygotowanie manuskryptu i

przeglad pismiennictwa.

Wktad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowal:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analize danych i interpretacje wynikdw,

przygotowanie manuskryptu i przeglad pismiennictwa.

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

(podpis oswiadczajacego)
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Warszawa, 26.11.2025

Dr hab. n. med. Piotr Skrzypczyk

OSWIADCZENIE

Jako wspélautor pracy pt. ,,Blood Pressure Variability and Low-Grade Inflammation in
Pediatric Patients with Primary Hypertension” o$wiadczam, iz mdj wlasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

Przygotowanie projektu badania i1 metodyki, analiz¢ danych i interpretacj¢ wynikow,
przygotowanie manuskryptu i przeglagd pismiennictwa, nadzor nad przygotowaniem

publikacji.

Wktad lek. Katarzyny Dziedzic-Jankowskiej w powstawanie publikacji obejmowal:
Zaprojektowanie badania, przygotowanie metodyki i dokumentacji, uzyskanie zgody Komisji
Bioetycznej, wykonanie badan, zbieranie danych, analize danych i interpretacje wynikdw,

przygotowanie manuskryptu i przeglad pismiennictwa.

Jednoczesnie wyrazam zgodg¢ na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek Katarzyny Dziedzic-Jankowskiej

(podpis oswiadczajgcego)
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