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Abstract

Aim of the study: The aim of our study was to evaluate selected inflammatory markers in children 
with untreated primary hypertension and to establish the relation between inflammatory markers and 
24-hour ambulatory blood pressure monitoring (ABPM) and clinical and biochemical parameters. 

Material and methods: In 54 children (15.12 ±2.02 years) with untreated primary hypertension, with 
excluded overt inflammation, we evaluated: neutrophils (NEU; 1000/μl), lymphocytes (LYM; 1000/μl),  
platelets (PLT; 1000/μl), mean platelet volume (MPV; fl), neutrophil-to-lymphocyte ratio (NLR), plate-
let-to-lymphocyte ratio (PLR), ABPM (OSCAR 2 SUNTECH), and selected clinical and biochemical 
parameters. The control group consisted of 20 healthy children (15.55 ±2.27 years).

Results: Children with primary hypertension had (p < 0.01) higher 24-hour systolic, diastolic and 
mean blood pressure, systolic and diastolic blood pressure loads, and pulse pressure. Hypertensive 
children did not differ in inflammatory indicators (NEU, LYM, PLT, MPV, NLR, PLR) from the control 
group. In 54 hypertensive children we found the following correlations: between office systolic and 
diastolic blood pressure and MPV (r = 0.35, p = 0.011, r = 0.36, p = 0.008), between 24-hour ambu-
latory mean arterial pressure Z-score and NLR (r = 0.30, p = 0.030), 24-hour systolic blood pressure 
load and NLR (r = 0.38, p = 0.005), plasma renin activity and neutrophil count, NLR, PLR (r = 0.47, 
p = 0.016, r = 0.64, p < 0.001, r = 0.42, p = 0.033), urinary albumin loss and neutrophil count, NLR 
(r = 0.46, p = 0.001 and r = 0.42, p = 0.003). Multivariate analysis revealed that office SBP Z-score 
was related to MPV (β = 0.35, p = 0.008) and albuminuria to neutrophil count (β = 0.62, p = 0.018). 

Conclusions: In children with primary arterial hypertension there may be a relation between blood 
pressure, urinary albumin loss, and subclinical inflammation.
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Introduction 
Primary hypertension emerges from a complex in-

terplay of genetic, environmental, and behavioral factors 
[1]. Due to rapid negative changes in children’s life-style 
and diet, growing prevalence of primary hypertension in 
the pediatric population has been noted in recent studies. 
A multicenter American study revealed that essential hy-
pertension was present in as many as 43% of children with 
elevated blood pressure and was the most common form of 
hypertension even in 7-year-old children [2]. 

The diagnosis of arterial hypertension, though clearly 
defined in international guidelines, is sometimes challeng-
ing in everyday clinical practice due to common preva-
lence of the white-coat phenomenon in pediatric patients. 

Twenty-four hour ambulatory blood pressure monitoring 
(ABPM) allows earlier detection of abnormal blood pres-
sure values and shows a better correlation with target or-
gan damage when compared to office measurements [3]. 
Moreover, increased pulse pressure, high blood pressure 
variability and disturbed circadian blood pressure rhythm 
were found to be risk factors for the development of target 
organ damage, including left ventricular hypertrophy [4-6].

Studies of the last few years indicate the significant 
role of subclinical, low-grade inflammation in the patho-
genesis of essential hypertension and target organ damage 
in both adults [7-9] and children [10]. Neutrophil count, 
neutrophil-to-lymphocyte ratio, platelet count, plate-
let-to-lymphocyte ratio, as well as mean platelet volume 
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(MPV) were proposed as easily accessible, simple, and 
repeatable inflammatory markers associated with cardio-
vascular diseases such as acute coronary syndromes [11, 
12], heart failure [13], and hypertension [14-16]. Prelim-
inary experimental and clinical data suggest that the re-
nin-angiotensin-aldosterone system (RAAS) might be the 
pathophysiological link between the immune system and 
cardiovascular burden [17, 18].

The aim of our study was to evaluate complete blood 
count (CBC)-derived inflammatory markers in children 
with untreated primary hypertension and to establish the 
relation between these inflammatory markers and 24-hour 
ambulatory blood pressure monitoring and clinical and 
biochemical parameters including plasma renin activity 
and aldosterone level. 

Material and methods
We studied retrospectively 54 adolescents (37 boys, 

17 girls) aged from 10.92 to 17.92 years with untreated 
primary hypertension hospitalized in our department in the 
years 2014-2017.

In all the studied children secondary forms of arterial 
hypertension were excluded by thorough medical history, 
physical examination and accessory examinations accord-
ing to the European Society of Hypertension guidelines 
[19, 20]. Also, based on medical history, physical ex-
amination, and evaluation of serum low resolution CRP 
(C-reactive protein) active inflammation (including com-
mon respiratory tract infection) was excluded in all studied 
children with arterial hypertension. 

In all analyzed children we assessed the following 
clinical parameters: age (years), sex, duration of arterial 
hypertension (months), height (cm), weight (kg), and body 
mass index (BMI; kg/m2). Anthropometric variables were 
compared with Polish normative data and expressed as the 
Z-score [21]. Overweight and obesity were defined ac-
cording to World Health Organization definitions as BMI 
Z-score values > 1 and > 2, respectively.

Office oscillometric blood pressure measurement was 
performed using Welch Allyn Vital Signs Monitor 300 
(Welch Allyn Inc., Skaneateles Falls, NY, USA) according 
to European recommendations [19, 20]. Obtained values 
were expressed as mm Hg and were compared with nor-
mative values [22] and expressed as the Z-score. 

In all children 24-hour blood pressure measurement 
was performed using a SUNTECH OSCAR 2 device (Sun-
Tech Medical, Inc., Morrisville, NC, USA) according to the 
American Heart Association guidelines [3]. Monitors were 
programmed to measure blood pressure every 15 minutes 
from 6 AM to 10 PM and every 30 minutes from 10 PM to 
6 AM. Periods of night-time rest and daytime activity were 
determined individually by the patients by providing rele-
vant data in a diary. Data were compared to the reference 
values by Wühl et al. [23] and interpreted in accordance 

with the American Heart Association guidelines [3]. We 
analyzed only recordings with a sufficient number of suc-
cessful blood pressure measurements (i.e. at least 40 mea-
surements during 24 hours, 30 measurements during day-
time activity, 10 measurements during nighttime rest, and 
at least one measurement during each hour [3]).

The following parameters were evaluated based on 
ABPM: systolic, diastolic and mean blood pressure (SBP, 
DBP, MAP) during 24 hours (mm Hg), systolic and dia-
stolic blood pressure load during 24 hours (%), pulse pres-
sure (mm Hg), nocturnal blood pressure dip (%), and blood 
pressure variability. 

Hypertension was defined as systolic and/or diastolic 
pressure ≥ 95th percentile for sex, age, and height during 
24 hours according to AHA guidelines [3]. In all the pa-
tients a Z-score value of mean arterial blood pressure 
during 24 hours was calculated using pediatric reference 
values [23]. Blood pressure load was calculated as a per-
centage of measurements ≥ 95th percentile during 24 hours. 
Increased blood pressure load was defined as > 25% [3]. 
Pulse pressure was calculated as the difference between 
mean 24-hour systolic and diastolic blood pressure 
(PP/24 h) (mm Hg). Nocturnal systolic and diastolic blood 
pressure dip (SBP DIP and DBP DIP, respectively) was 
calculated as the difference between daytime pressure and 
nighttime pressure expressed as a percentage of the day 
value. Disturbed circadian blood pressure rhythm was de-
fined as a nocturnal systolic or diastolic blood pressure dip 
less than 10%. Disturbed circadian blood pressure rhythm 
was defined as a nocturnal systolic or diastolic blood pres-
sure dip less than 10% [3]. Blood pressure variability was 
calculated as the standard deviation (SD) from the mean of 
all systolic or diastolic blood pressure values over 24 hours 
(SD SBP/24 h, SD DBP/24 h) [5].

In all the studied children peripheral automated com-
plete blood count was performed using a Coulter LH 780 
hematologic analyzer (Beckman Coulter Inc., Brea, CA, 
USA). The following complete blood count-derived in-
flammatory markers were analyzed: direct numbers of neu-
trophils (NEU) [1000/μl], lymphocytes (LYM; 1000/μl), 
and platelets (PLT; 1000/μl), mean platelet volume (MPV; 
fl), and neutrophil-to-lymphocyte and platelet-to-lympho-
cyte ratios (NLR and PLR, respectively).

In addition, the following biochemical parameters 
were analyzed: glomerular filtration rate (GFR) according 
to the Schwartz formula (ml/min/1.73 m2) [24], uric acid 
(mg/dl), cholesterol (mg/dl), triglycerides (mg/dl), and 
daily urinary albumin loss (mg/24 h). In 26 (48.1%) hy-
pertensive patients plasma renin activity (PRA) (ng/ml/h)  
and aldosterone (ALDO) serum concentration (ng/dl) in 
a standing position after 2 hours of walking were eval-
uated. Reference values for PRA and ALDO were as 
follows: PRA: 1.5-5.7 (ng/ml/h), ALDO: 2.52-39.2 (ng/
dl). Microalbuminuria was defined as daily albumin loss 
> 30 (mg/24 h) [20].
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The control group consisted of 20 healthy children 
(12 boys, 8 girls) in whom all above-mentioned parame-
ters except for plasma renin activity and aldosterone level 
were evaluated.

Low-sensitivity C-reactive protein was measured in the 
studied children using the VITROS 5600 Integrated Sys-
tem and was within normal limits (< 1.0 mg/dl) in all the 
participants from the study and control groups.

The research project was approved by the local Ethics 
Committee (approval no. KB/58/2016). All procedures 
were performed in accordance with the Declaration of Hel-
sinki on the treatment of human subjects. Informed consent 
was obtained from all participants (≥ 16 years) and their 
representatives included in the study.

Statistical analysis was conducted using the Dell Sta-
tistica 13.0 package (Dell Inc., Aliso Viejo, CA, USA). 
Normal distribution of variables was evaluated using the 
Shapiro-Wilk test. Regardless of distribution, data were 
presented as mean values ±standard deviation. Differ-
ences between mean values of normally distributed vari-
ables were evaluated using the Student t test for indepen-
dent samples, and differences between mean values of 
non-normally distributed variables were evaluated using 
the Mann-Whitney U test. Frequencies were compared 
between groups using the chi-squared test and the exact 
Fisher test. Correlations between variables were evaluated 
using the Pearson linear correlation and Spearman’s rank 
correlation, when appropriate. Variables related to blood 
pressure Z-scores, albuminuria and plasma renin activity 
with p < 0.200 were analyzed by multivariate analysis us-
ing a generalized regression model. p < 0.05 was consid-
ered statistically significant.

Results
Clinical and biochemical parameters in the study and 

control groups are presented in Table 1. The groups did not 
differ significantly in terms of age and sex, but both BMI 
and BMI Z-score were significantly higher in children with 
hypertension. Office systolic and diastolic blood pressure 
were significantly higher in hypertensive patients. Among 
hypertensive patients 25 (46.3%) were overweight and 
8 (14.8%) were obese, whereas there where 5 (25%) over-
weight children in the control group. All patients in both 
groups had normal kidney function. We found no differ-
ences in lipids and uric acid levels between the groups. Six 
(11.1%) children in the study group and no patients in the 
control group had microalbuminuria.

In the study group plasma renin activity and aldoste-
rone level were as follows: PRA: 8.31 ±7.61 ng/ml/h, and 
ALDO: 86.69 ±123.72 ng/ml, respectively. 

The results of ambulatory blood pressure monitoring 
are shown in Table 2. Analysis of ABPM data showed that 
patients with hypertension were characterized by signifi-
cantly higher systolic, diastolic and mean blood pressure, 
blood pressure load, and pulse pressure compared to the 
control group. The two groups did not differ in regard to 
blood pressure variability and nocturnal blood pressure 
dip. 

Inflammatory markers derived from peripheral com-
plete blood count are depicted in Table 3. Hypertensive 
patients were characterized by higher neutrophil and lym-
phocyte count, higher neutrophil-to-lymphocyte ratio, and 
lower platelet-to-lymphocyte ratio, though these differenc-
es did not reach statistical significance.

Table 1. Clinical and biochemical parameters in the study and control groups

Parameter Study group Control group p

Number of patients (n) 54 20 –

Age (years) 15.12 ±2.02 15.55 ±2.27 NS (0.431)

Gender (boys/girls) 37/17 12/8 NS (0.583)

BMI (kg/m2) 25.55 ±4.60 22.05 ±2.22 0.002

BMI Z-score 1.20 ±0.75 0.46 ±0.72 < 0.001

SBP (mm Hg) 139.57 ±10.35 120.22 ±10.15 < 0.001

SBP Z-score 2.26 ±0.96 0.55 ±0.98 < 0.001

DBP (mm Hg) 82.75 ±9.98 73.06 ±7.23 < 0.001

DBP Z-score 1.41 ±0.81 0.49 ±0.79 < 0.001

GFRS (ml/min/1.73 m2) 95.57 ±18.22 97.84 ±16.84 NS (0.629)

Total cholesterol (mg/dl) 160.92 ±31.12 149.08 ±28.42 NS (0.218)

Triglycerides (mg/dl) 93.76 ±39.44 93.25 ±41.48 NS (0.968)

Uric acid (mg/dl) 5.56 ±1.09 5.40 ±0.89 NS (0.578)

Urinary albumin loss (mg/24 h) 18.14 ±36.45 3.83 ±1.67 NS (0.201)

BMI – body mass index, SBP – systolic blood pressure, DBP – diastolic blood pressure, GFRS – glomerular filtration rate calculated according to revised Schwartz 
formula, NS – not significant
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Table 2. 24-hour ambulatory blood pressure monitoring parameters in children in the study and in the control group

Parameter Study group
(n = 54)

Control group
(n = 20)

p

Mean 24-hour SBP (mm Hg) 134.85 ±6.97 119.85 ±8.66 < 0.001

Mean 24-hour DBP (mm Hg) 74.11 ±5.37 65.55 ±4.48 < 0.001

Mean 24-hour MAP (mm Hg) 94.33 ±5.02 83.70 ±5.58 < 0.001

Mean 24-hour MAP Z-score 1.81 ±0.87 0.02 ±0.79 < 0.001

Mean 24-hour SBP load (%) 58.07 ±18.75 15.70 ±10.69 < 0.001

Mean 24-hour DBP load (%) 33.50 ±18.67 9.40 ±6.87 < 0.001

24-hour PP (mm Hg) 60.78 ±6.80 54.20 ±5.92 < 0.001

24-hour SBP variability 13.69 ±3.47 12.12 ±2.69 NS (0.072)

24-hour DBP variability 11.72 ±2.41 10.56 ±2.23 NS (0.066)

Mean 24-hour HR (bpm) 80.04 ±9.78 76.30 ±7.34 NS (0.126)

SBP dip (%) 11.65 ±5.55 11.12 ±6.07 NS (0.725)

DBP dip (%) 18.34 ±8.39 15.84 ±8.07 NS (0.252)

Disturbed circadian blood pressure rhythm (n, %) 25 (46.3) 8 (40) NS (0.793)

SBP – systolic blood pressure, DBP – diastolic blood pressure, MAP – mean arterial pressure, PP – pulse pressure, HR – heart rate, NS – not significant

Table 3. Inflammatory markers derived from complete blood count in children with primary hypertension and in the 
control group

Parameter Study group
(n = 54)

Control group
(n = 20)

p

NEU (1000/μl) 4.27 ±1.96 3.59 ±1.16 NS (0.150)

LYM (1000/μl) 2.22 ±0.56 1.99 ±0.46 NS (0.117)

PLT (1000/μl) 242.41 ±50.29 245.15 ±55.82 NS (0.840)

MPV (fl) 9.10 ±1.40 9.16 ±1.28 NS (0.875)

NLR 2.06 ±1.30 1.91 ±0.80 NS (0.627)

PLR 114.73 ±32.96 126.62 ±31.26 NS (0.167)

NEU – neutrophil count, LYM – lymphocyte count, PLT – platelet count, MPV – mean platelet volume, NLR – neutrophil-to-lymphocyte ratio, PLR – platelet-to-
lymphocyte ratio, NS – not significant

SBP – systolic blood pressure, DBP – diastolic blood pressure, MPV – mean platelet volume

Fig. 1. Correlations between mean platelet volume and office blood pressure in adolescents with primary hypertension
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In the whole group of 54 children with untreated pri-
mary hypertension we found positive correlations between 
mean platelet volume and office systolic blood pressure 
and diastolic blood pressure expressed as both mm Hg 
and Z-scores (systolic blood pressure: r = 0.35, p = 0.011 
and r = 0.35, p = 0.011, diastolic blood pressure: r = 0.36, 
p = 0.007 and r = 0.36, p = 0.008) (Fig. 1). 

Neutrophil-to-lymphocyte ratio correlated positively 
with systolic blood pressure load during 24 hours (r = 0.38, 
p = 0.005) and with mean arterial pressure Z-score during 
24 hours (r = 0.30, p = 0.030) (Fig. 2). 

Neutrophil count, neutrophil-to-lymphocyte ratio 
and platelet-to-lymphocyte ratio correlated significantly 
with plasma renin activity (r = 0.47, p = 0.016, r = 0.64, 
p < 0.001, and r = 0.42, p = 0.033, respectively) (Fig. 3).

In addition, we found significant positive correlations 
between urinary albumin loss (mg/24 h) and neutrophil 
count and NLR (r = 0.46, p = 0.001 and r = 0.42, p = 0.003) 
(Fig. 4). We did not find any significant correlations be-
tween analyzed inflammatory indicators and age except for 
a negative correlation of age and platelet count (r = –0.39, 
p = 0.003). 

Multivariate analysis revealed that office SBP Z-score 
was related significantly to height Z-score (β = –0.31, 
p = 0.019) and MPV (β = 0.35, p = 0.008); albuminuria 
to neutrophil count (β = 0.62, p = 0.018), and plasma renin 
activity to LDL cholesterol (β = 0.60, p = 0.029). No sig-
nificant determinants of MAP 24 h Z-score and office DBP 
Z-score were found in multivariate analysis.

No significant correlations between analyzed inflam-
matory indicators and blood pressure were revealed in the 
control group. 

Discussion
The results of our preliminary retrospective study 

showed that in children with primary hypertension office 
blood pressure values are related to mean platelet volume. 
Moreover, 24 hour mean blood pressure and 24 hour sys-
tolic blood pressure load are related to neutrophil-to-lym-
phocyte ratio. Our study might also suggest that activation 
of the renin-angiotensin-aldosterone system could be the 
link between inflammation and blood pressure elevation 
in these patients. Interestingly, neutrophil count and neu-
trophil-to-lymphocyte ratio were found to be positively 
related with degree of renal damage expressed as urinary 
albumin excretion in the study group. In contrast, no such 
dependences were found in the group of healthy children.

Neutrophils are the most abundant type of white blood 
cells and the first cells responding to inflammation, es-
pecially if it is caused by a bacterial infection, cancer or 
environmental exposure. They release many cytokines 
that trigger and amplify inflammatory reactions. Neutro-
phil-to-lymphocyte ratio (NLR), which can be derived 
from the white blood cell count, is an inexpensive, repro-
ducible test and has shown up as a marker of systemic in-
flammatory response. Adult studies have shown that high 
NLR is associated with poor clinical outcomes in cardiac 
diseases [11-13, 16, 25]. While mainly high neutrophil 
count reflects inflammation, low lymphocyte count reflects 
poor general health and physiological stress [25]. Thus, 
blood NLR is an indicator of the overall inflammatory and 
stress status of the body. Our results indicate a pathophys-
iological relation between neutrophil-to-lymphocyte ratio, 
blood pressure and target organ damage also in pediatric 

MAP 24 h – mean arterial pressure during 24 hours, SBPL/24 h – systolic blood pressure load during 24 hours,  
NLR – neutrophil-to-lymphocyte ratio

Fig. 2. Correlations between neutrophil-to-lymphocyte ratio and ambulatory blood pressure in adolescents with primary 
hypertension
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patients with primary hypertension. The positive relation 
between neutrophils and urinary albuminuria revealed in 
our pediatric group is in accordance with the results of 
Murai et al., who found that in adults urinary albumin is 
closely associated with low-grade inflammation evaluated 
as C-reactive protein level [26].

Although there is usually circadian variation in blood 
pressure (BP), such as more than a 10% decrease in sys-
tolic and diastolic BP during sleep compared to daytime 
(dipper), some normotensive and hypertensive subjects 
have no such circadian variation – they have been called 
non-dippers [3]. Adult patients with non-dipper hyperten-

PRA – plasma renin activity, NLR – neutrophil-to-lymphocyte 
ratio, PLR – platelet-to-lymphocyte ratio

Fig. 3. Correlations between neutrophil count, neutro-
phil-to-lymphocyte ratio, platelet-to-lymphocyte ratio and 
plasma renin activity in adolescents with primary hyper-
tension
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sion are associated with increased cardiovascular risk com-
pared to patients with dipper hypertension [27]. Sunbul 
et al. found that adult patients with non-dipper hypertension 
had significantly higher NLR and PLR compared to dipper 
hypertension. Moreover, PLR more than 107 but not NLR 
was independent predictor of non-dipper status [16]. In our 
group of pediatric patients we did not find such a relation.

Large platelets are more active metabolically and en-
zymatically, and they have increased thrombotic poten-
tial in comparison to small platelets [28]. Mean platelet 
volume (MPV) has been shown to be a marker of platelet 
activation, which plays an important role in the patho-
physiology of atherosclerosis [29]. Elevated MPV levels 
are thought to be closely associated with cardiovascular 
diseases such as acute coronary syndromes [28] and hy-
pertension [14] (also masked hypertension [15]), though 
the pathophysiological mechanisms of elevated MPV in 
hypertension are not clearly understood. Interestingly, in 
our cohort MPV correlated positively with office systolic 
and diastolic blood pressure, whereas no such relation was 
revealed in ABPM and in healthy subjects. In addition, 
multivariate analysis found only a link between systolic 
blood pressure and platelet volume. Our results suggest 
a link between platelet activation and primary hyperten-
sion in adolescents, but the nature of this relation requires 
further investigations.

Nevertheless, it must be emphasized that clinical use-
fulness of CBC-derived inflammatory markers (MPV, 
NLR, PLR) in pediatric patients with primary hyperten-
sion still remains highly speculative. Notably, we have not 
found any significant differences in these indices between 
hypertensive and normotensive children, and many cor-
relations found in univariate analysis were not significant 
in multivariate analysis. On the other hand, correlations 
between these markers and blood pressure were absent in 
healthy individuals. 

Evidence from animal studies strongly supports an im-
portant role of inflammation and interleukin-6 (IL-6) in 
the pathogenesis of angiotensin II-mediated hypertension 
[17]. In addition, a few clinical studies have suggested 
that angiotensin receptor blockers (ARBs) have an anti-in-
flammatory effect that may provide additional benefits to 
patients beyond lowering of BP [30, 31]. Chamarthi et al. 
found that hypertensive adults had higher baseline IL-6 
and CRP compared with normotensives and IL-6 increased 
in response to ANGII in these patients. In the setting of 
RAAS activation by a low salt diet the authors demonstrat-
ed an independent positive association of PRA with CRP 
[32]. Interestingly, renin and angiotensin II are expressed 
in T-lymphocytes and this expression is related to subclin-
ical inflammation [18]. Also, in our group of hypertensive 
children we revealed a significant positive relation be-
tween plasma renin activity and inflammatory indicators: 
neutrophil count, NLR, and PLR. We are deeply convinced 
that our preliminary results necessitate further studies on 

the mutual relation between the renin-angiotensin-aldoste-
rone system and inflammation in hypertensive children. 

The limitations of our study are the retrospective de-
sign and small number of patients, which could have in-
fluenced some of the results. Also the retrospective nature 
of our study precluded analysis of PRA and ALDO in all 
the patients from the study group and in the control group. 
We also did not evaluate hsCRP or cytokine concentra-
tion (e.g. IL-6 or TNF-α), which are well-established and 
more precise markers of subclinical inflammation. In ad-
dition, evaluation of target organ damage was limited to 
basic tests assessing renal involvement (creatinine, urinary 
albumin loss). Further studies on larger patient groups, to-
gether with experimental studies, are necessary to reveal 
the link between primary arterial hypertension and the im-
mune system.

Conclusions
In children with primary arterial hypertension there 

may be a relation between blood pressure, urinary albumin 
loss, and subclinical inflammation. 

The authors declare no conflict of interest.
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