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Abstract

Aim: Hypertension is a major risk factor for cardiovascular diseases and non-dipper status is associated with increased
risk for cardiovascular events. Neutrophil lymphocyte ratio (NLR) and platelet lymphocyte ratio (PLR) are related to
inflammation and cardiovascular risk. The purpose of the study is to investigate the relationship between NLR and PLR
with non-dipper status of hypertensive and normotensive patients.

Methods: A total of 482 patients were enrolled for the study. The study was planned as retrospective cohort study.
Four groups were formed according to 24-h ambulatory blood pressure monitoring results. Group 1 was defined as
hypertensive, non-dipper patients; group 2 as hypertensive, dipper patients; group 3 as normotensive, non-dipper
patients and group 4 as normotensive, dipper patients.

Results: Mean age of the study population was 50.1+15.5 years, 38.1% were male. According to the statistical analysis
of Group 1 (n=165), Group 2 (n=88), Group 3 (n=123) and Group 4 (n=91) NLR was statistically different among
groups (p<0.001). Group 1 had significantly higher values compared to Group 2 (p=0.001), Group 3 (p=0.002) and
Group 4 (p=0.023). In hypertensive patient group, PLR values of Group 1 was significantly higher than Group 2
(p=0.002). Pearson correlation analysis showed that NLR and PLR were correlated with BP variability (r=-0.188,
p<0.001 for NLR and r=-0.182 and p<0.001 for PLR). Regression analysis showed NLR (p=0.040), PLR (p=0.021),
age (p=0.006) and hypertension (p<0.001) were independent predictors of BP variability.

Conclusion: Our findings suggest that NLR and PLR can be used as inexpensive and easily accessible markers to detect
non-dipper status in hypertensive patients.

Keywords: Neutrophil to lymphocyte ratio, Platelet to lymphocyte ratio, Hypertension, Ambulatory blood pressure
monitoring, Non-dipper blood pressure
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Amag: Hipertansiyon, kardiyovaskiiler hastaliklar i¢in onemli bir risk faktoriidiir ve non-dipper kan basmci
kardiyovaskiiler olaylar i¢in artmus risk ile iliskilidir. Notrofil lenfosit oran1 (NLR) ve platelet lenfosit orani (PLR)
inflamasyon ve kardiyovaskiiler risk ile iligkilidir. Bu ¢aligmanin amaci, hipertansif ve normotansif hastalarda NLR,
PLR ve non-dipper kan basinci arasindaki iliskiyi aragtirmaktir.

Yontemler: Calismaya toplam 482 hasta alindi. Calisma retrospektif kohort ¢alisma olarak planlandi. 24 saatlik ayaktan
kan basinci monitorizasyonu sonuglarina gore dort grup olusturuldu. Grup 1 hipertansif, non-dipper hastalar, Grup 2
hipertansif, dipper hastalar; Grup 3 normotansif, non-dipper hastalar ve Grup 4 normotansif, dipper hastalar olarak
siniflandirildi.

Bulgular: Calisma popiilasyonunun yas ortalamast 50,1+15,5 yil idi ve %38,1'i erkekti. Grup 1 (n = 165), Grup 2
(n=88), Grup 3 (n=123) ve Grup 4 (n=91) NLR agisindan karsilastirildiginda sonug istatistiksel olarak anlaml farklryd:
(p<0,001). Grup 1'de; Grup 2'ye (p=0,001), Grup 3'e (p=0,002) ve Grup 4'e (p=0,023) gére NLR degeri istatistiksel
anlaml yiiksekti. Hipertansif hasta grubunda, Grup 1'in PLR degerleri Grup 2'den anlamli olarak yiiksekti (p=0,002).
Pearson korelasyon analizine gére NLR ve PLR, diurnal kan basinci degiskenligi ile korelasyon gosterdi (NLR igin r=-
0,188, p<0,001 ve PLR igin r =-0,182, p<0,001). Regresyon analizinde NLR (p=0,040), PLR (p=0,021), yas (p=0,006)
ve hipertansiyon (p<0,001), kan basinci degiskenliginin bagimsiz belirleyicileri olarak saptandi.

Sonug: Bulgularimiz, NLR ve PLR'nin hipertansif hastalarda non-dipper kan basmci i¢in ucuz ve kolay erisilebilir
isaretleyiciler olarak kullanilabilecegini gostermektedir.

Anahtar kelimeler: Notrofil lenfosit orani,
monitorizasyonu, Non-dipper kan basinci

Platelet lenfosit orani, Hipertansiyon, Ayaktan kan basinci
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Introduction

Hypertension is a major risk factor for cardiovascular
diseases [1]. There are several methods for the diagnosis of
hypertension. Ambulatory blood pressure monitorization
(ABPM) is a commonly used method for detection and follow-up
of hypertensive patients [2]. This technique also demonstrates
the diurnal variability of the blood pressure (BP) so that we can
determine the dipper and non-dipper status in patients. Decreased
blood pressure variability is associated with hypertensive target
organ damage and higher risk for cardiovascular events [3,4].

Inflammatory processes play an important role for
pathophysiology of hypertension. There are studies that indicate
blood pressure increase causes activation in inflammatory
processes and that is the underlying mechanism which explains
the relationship between hypertension and atherosclerosis [5,6].
Several inflammatory cytokines are related to blood pressure
increase [7]. Also some inflammatory markers like mean platelet
volume (MPV), high sensitivity C-reactive protein (hs-CRP), red
cell distribution width (RDW) are related to diurnal variability of
blood pressure [8,9]. Neutrophil/lymphocyte ratio (NLR) and
platelet/lymphocyte ratio (PLR) are easily available, inexpensive
markers which are obtained from complete blood count results.
Recent studies showed the relationship between NLR, PLR and
cardiovascular events [10,11]. We design the study to examine if
there is a relationship between NLR, PLR and diurnal variability
of BP in hypertensive and normotensive patients.

Materials and methods

Patient Population

The study population was chosen from 482 consecutive
patients who admitted to outpatient clinic of cardiology
department with ABPM results between October 2016 and
October 2017. The study was retrospective cohort study. Patients
with previous hypertension diagnosis, acute coronary syndrome,
serious valve regurgitation or stenosis, coronary artery disease,
echocardiographic findings of reduced left ventricular ejection
fraction (LVEF < 55%), congenital heart diseases, abnormal
kidney function, chronic liver disorders, chronic inflammatory
disease, patients who had a recent history of acute infection were
excluded from this study.

Patients were divided into four groups according to their
dipping and hypertensive status. Patients with high ABPM
results (waking ambulatory SBP/DBP >135/85 mmHg and/or
sleeping SBP/DBP >120/70 mmHg) were categorized as
hypertensive. Dipper status was defined as 10% or more
nocturnal BP fall in systolic blood pressure compared to daytime
values. Group 1 was defined as hypertensive, non-dipper
patients; group 2 as hypertensive, dipper patients; group 3 as
normotensive, non-dipper patients and group 4 as normotensive,
dipper patients.

Evaluated Parameters

Demographic, clinical and echocardiographic data were
obtained from hospital medical records. Total blood count and
biochemical analyses were taken from the results of the
admission before the ABPM.
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Ambulatory 24-hour blood pressure monitoring

24-hour ambulatory blood pressure values were
obtained by using a non-invasive oscillometric system. Blood
pressure recordings are obtained every 30 minutes during day-
time and one hour intervals during night-time. The cuff was
placed around the non-dominant arm of the subjects. Dipper
hypertension was defined as 10% or more nocturnal BP fall
compared to daytime values.

Statistical Analysis

Data are presented as mean + standard deviation (SD)
and as proportions for categorical variables. The t-test or Chi-
square test was used for comparisons of continuous and
categorical variables, respectively. Distribution of the data for
normality was tested by the Shapiro—Wilk test and homogeneity
of group variances were tested by the Levene test. For the
parameters which are not normally distributed, Mann Whithey U
test is used. ANOVA model was used for comparisons across
more than 2 groups. Pearson correlation test was used for
correlation analysis. Regression analysis was performed to
identify the independent associations of blood pressure
variability. P-values <0.05 were considered statistically
significant. The data were analyzed using SPSS 20.0 (IBM SPSS
Ver. 20.0, IBM Corp, Armonk NY, USA).

Results

A total of 482 patients were included to the study. Mean
age of the study population was 50.1 + 15.5 years, 38.1% were
male and 61.9% were female. Four groups were formed
according to hypertension diagnosis and dipper and non-dipper
patterns. Group 1 was consisted of 165 patients with
hypertensive and non-dipper status; group 2 was consisted of 88
patients with hypertensive and dipper status; group 3 was
consisted of 123 patients with normotensive and non-dipper
status; and group 4 was consisted of 91 patients with
normotensive and dipper status. Comparison and the baseline
characteristics of the groups are shown in Table 1. 24-hour
ABPM results of the study groups were shown in Table 2.

Table 1: Comparison of the baseline characteristics and laboratory results of the study groups

Group 1 Group 2 Group 3 Group 4
Variables (n=180) (n=88) (n=123) (n=91) p
Mean = SD Mean + SD Mean = SD Mean + SD

Men, % 68 (41.2%) 50 (56.8%) 34 (27.6%) 26 (28.6%) <0.001
Age, years 52.5+15.0 48.7+14.6 49.1+16.2 443+152 0.001
LVEF, % 58.0+2.3 57.6+1.7 579425 582+23 0.507
FBG, mg/dL 101.6 +32.8 103.6 +31.6 98.2 £26.5 97.6 +40.1 0.590
BUN, mg/dL 144+46 13.7+4.5 13.6+5.2 129+42 0.180
Creatinine, mg/dL 0.8+0.2 0.8+0.2 0.7+0.1 0.7£0.1 0.070
HDL-C, mg/dL 50.1+12.8 51.7+14.3 53.2+11.6 529+12.1 0.433
LDL-C, mg/dL 128.2+38.3 129.2+27.3 121.0 +33.6 125.4+45.6 0.050
Triglyceride, mg/dL 172.7+£109.0  138.9+48.2 134.6 +79.1 138.5+71.6 0.019
Hb, g/dL 14.1+1.8 147£18 13.6+1.8 13.8+1.7 <0.001
WBC, x10*/mm? 83+23 82+2.1 77+19 7.8+2.0 0.048
Neutrophils, x10%/mm? 55+35 4.7+1.7 45+1.6 47+1.7 0.006
Lymphocytes, x10¥mm® | 2.3 +0.7 2.6+0.8 24+0.8 23+0.6 0.006
Eosinophils, x10*/mm?* 0.2+0.1 0.2+0.1 0.1+0.1 0.240.1 0.092
Platelets, x10%mm? 280.0 +77.6 270.9 + 65.3 277.8+67.9 268.1 +54.5 0.549
RDW, fL 43.0+29.9 40.6 3.4 41.0+4.7 40.4+4.0 0.648
MPV, fL 11.1+7.1 11.6£9.2 11.2+84 10.4+09 0.756
PDW, fL 124+29 12.4+2.5 122 +2.1 122 +2.1 0.752
NLR 2.696+1918 1.933+0916 2.357+3.066 2.177+1.154 <0.001
PLR 133.3+49.9 112.2+454 133.5+90.3 121.7 £33.5 0.008

BUN: blood urea nitrogen, FBG: fasting plasma glucose, Hb: hemoglobine, HDL-C: high density lipoprotein
cholesterol, LDL-C: low density lipoprotein cholesterol, LVEF: left ventricule ejection fraction, MPV: mean
platelet volime, NLR: neutrophil/lymphocyte ratio, PDW: platelet distribution width, PLR:
platelet/lymphocyte ratio, RDW: red cell distribution width, WBC: white blood cell
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Figure 1: Neutrophil-lymphocyte ratio and platelet/lymphocyte ratio values of four study groups

Neutrophil lymphocyte ratio was statistically different
among groups (p<0.001). Group 1 had significantly higher
values compared to Group 2 (p=0.001), Group 3 (0.002) and
Group 4 (p=0.023). NLR values were similar when values were
compared among Group 2, Group 3 and Group 4 within each
other (p>0.05). Platelet lymphocyte ratio was significantly
different among all groups (p=0.008) (Table 1). Boxplot graph of
four investigated groups were seen in Figure 1.

When hypertensive patient group were investigated,
PLR values of Group 1 was significantly higher than Group 2
(p=0.002). Also Group 1 and 2 have significant differences in
terms of lymphocytes (p=0.001). When normotensive patients
were investigated, there were no statistically significant
difference between white blood cell parameters between Group 3
and Group 4 (Table 3).

Table 2: 24-h ambulatory blood pressure monitorization results of the study groups

Group 1 Group 2 Group 3 Group 4
Variables (n=180) (n=88) (n=123) (n=91) p
Mean + SD Mean+SD  Mean + SD Mean + SD
Day SBP, mmHg 138.1+13.6 143.0+109 1174+74 1232+7.0 <0.001
Day DBP, mmHg | 81.8+10.5  86.8+9.1 69.5+6.7 73.5£6.0 <0.001
Night SBP, mmHg | 136.3 +14.1 121.3+9.5 110.9+11.0 105.6+7.3  <0.001
Night DBP, mmHg | 79.3+10.6  70.7 + 8.0 64.1 6.6 60.5+6.3 <0.001
SBP, mmHg 136.9+163 138.6+10.5 1164+6.9 1155+13.1 <0.001
DBP, mmHg 81.3 +10.1 83.7+8.7 68.4+6.5 70.8 £ 6.0 <0.001
BP variability, % 1.1+72 149+39 4.8+39 143+3.7 <0.001

BP: blood pressure, DBP: diastolic blood pressure, SBP: systolic blood pressure

Table 3: Comparison of white blood cell parameters between Group 1-2 and Group 3-4

p value of Group 1 p value of Group 3
Variables compared to Group 2 compared to Group 4
WBC 0.657 0.759
Neutrophils 0.056 0.578
Lymphocytes | 0.001 0.595
Eosinophils 0.349 0.226
Platelets 0.377 0.285
RDW 0.478 0.408
MPV 0.637 0.357
PDW 0.965 0.998
NLR <0.001 0.564
PLR 0.002 0.454

MPV: mean platelet volume, NLR: neutrophil/lymphocyte ratio, PDW: platelet distribution width, PLR:
platelet/lymphocyte ratio, WBC: white blood cell

Pearson correlation analysis showed that NLR and PLR
were correlated with blood pressure variability between night
and day (r=-0.188, p<0.001 for NLR and r=-0.182 and p<0.001
for PLR). NLR levels were significantly correlated with night
SBP (r=0.141, p=0.003) and night DBP (r=0.113, p=0.020).
Pearson correlation analysis between NLR, PLR and ABPM
results were shown in Table 4.

L 2

Table 4: Pearson correlation analysis of NLR, PLR and 24-hour ABPM values

NLR PLR

r p r p
Day SBP 0.023 0.630 -0.033  0.495
Day DBP -0.006 0.904 -0.065 0.180
Night SBP 0.141 0.003 0.095 0.050
Night DBP 0.113 0.020 0.051  0.295
SBP 0.054 0.267 -0.001 0.989
DBP 0.021 0.673 -0.042 0.387
BP variability | -0.188 <0.001 -0.182 <0.001

BP: blood pressure, DBP: diastolic blood pressure,
platelet/lymphocyte ratio, SBP: systolic blood pressure

Regression analysis showed that NLR (p=0.040), PLR
(p=0.021), age (p=0.006) and hypertension (p<0.001) were
independent predictors of diurnal blood pressure variability.

NLR: neutrophil/lymphocyte ratio, PLR:

Discussion

In this study we demonstrated that NLR is significantly
higher in hypertensive non-dipper patients than hypertensive and
non-dipper; normotensive and non-dipper; and normotensive and
dipper patients. Also in hypertensive patient group; PLR is
significantly higher in patients with non-dipper status compared
to patients with dipper status.

24-hour ambulatory blood pressure monitorization is
used for the diagnosis and follow-up of hypertension. It also
gives valuable information about dipper and non-dipper status of
patients. Non-dipper blood pressure pattern is defined as less
than 10% drop of blood pressure in night-time blood pressure
compared to day-time blood pressure [12]. Non-dipper blood
pressure pattern is associated with cardiovascular mortality, end-
organ damage and autonomic dysfunction [13-15]. There is
evidence that number of endothelial progenitor cells is decreased
in hypertensive non-dipper status meaning vascular repair
mechanisms and endothelial homeostasis is disturbed [16].
Elevated blood pressure and decreased blood pressure variability
may stimulate inflammation by increased expression of
endothelial cytokines [6].

Chronic inflammation plays an important role in
atherosclerosis, cardiovascular diseases, malignancy, chronic
kidney disease, rheumatologic diseases and diabetes mellitus
[17-22]. Neutrophils play a major role in inflammation by
releasing cytokines and triggering immune system mechanisms.
Increased NLR values are associated with atherosclerosis,
severity of coronary artery diseases and worse cardiac outcome
[23,24]. Increased platelet count is an indicator of increased
platelet activity and increased platelet activity is in correlation
with the severity of inflammation [25,26].
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Increased platelet counts and decreased lymphocyte
counts are associated with worse cardiac outcomes. No reflow
after stent implantation after ST segment elevation myocardial
infarction is more common in patients with high PLR values
[27]. In non-ST segment elevated myocardial infarction patients,
mortality outcome is higher with increased PLR values [28].

In our study we investigated the association between
NLR, PLR and dipper, non-dipper status of hypertensive and
normotensive patients. NLR values were highest in hypertensive
non-dipper group when compared to hypertensive dipper,
normotensive non-dipper and normotensive dipper groups. When
the hypertensive patient group was examined separately, the
lymphocyte count was significantly lower; NLR and PLR were
significantly higher in non-dipper patient group. When non-
dipper and dipper patients were compared in normotensive
patients, no statistically significant difference was found in terms
of whole blood count parameters, NLR and PLR. Correlation
analysis revealed a statistically significant relationship between
NLR and night systolic, night diastolic blood pressures and blood
pressure variability. When the PLR was analyzed in the
correlation analysis, a statistically significant relationship was
found between this value and the night systolic blood pressure
and BP variability. Moreover, NLR and PLR along with
hypertension and age found to be an independent predictor for
BP variability and non-dipper status. Kilicaslan et al. [29]
investigated NLR values in hypertensive and normotensive
patients. This study included 150 subjects and NLR values were
highest in non-dipper hypertensive patients. Sunbul et al. [30]
found out that in hypertensive patients, PLR and NLR values are
higher in non-dipper patients and PLR but not NLR was an
independent predictor for non-dipper status. In our study both
NLR and PLR values were independent predictors for BP
variability. The difference may be caused because our study
included normotensive patients and in our regression model,
normotensive patients were not excluded and our sample size is
wider.

Our study had some limitations. It would be better to
compare inflammation markers like hs-CRP with our findings.
We excluded conditions that would cause inflammation but still
it would be better to include CRP levels to our regression model.

In conclusion, our findings suggest that NLR and PLR
can be used as inexpensive and easily accessible markers to
detect non-dipper status in hypertensive patients. Further
investigations are needed to find the mechanism behind this
relationship.
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