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Abstract

This study systematically reviewed the evidence regarding differences in the neutrophil to lymphocyte ratio (NLR)
level between hypertensive and normotensive individuals as well as between patients with dipper and non-dipper
hypertension (HTN). PubMed, Scopus, and Web of Science databases were systematically searched up to 20 Decem-
ber 2021. This was done without any limitation with regard to date, publication, or language. Pooled weighted mean
differences (WMD) with 95% confidence intervals (95% Cl) were reported. We assessed the quality of studies based on
the Newcastle—Ottawa Scale (NOS). In total, 21 studies were included in our study. There was a significant increase in
NLR levels for the hypertensive group in comparison to the control group (WMD =0.40, 95%Cl=0.22-0.57, P<0.0001).
In addition, the NLR levels were higher in the non-dipper than in the dipper group (WMD =0.58, 95%Cl=0.19-0.97,

P=0.003). Our findings showed that hypertensive patients had higher level of NLR than normotensive individuals.
Keywords Hypertension, Inflammation, Neutrophil to lymphocyte ratio, Dipper, Meta-analysis

Introduction

Hypertension, a globally prevalent noncommunicable
disease, has gained prominence in recent years as med-
ical researchers have discovered some of the inflam-
matory components that underpins its etiology. In
addition, several complications of hypertension, such
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as retinopathy, neuropathy, and cardiomyopathy, have
been linked to the inflammatory response that devel-
ops in the arterial walls over time due to consistently
elevated pressures. In addition, there is a large volume
of published studies reporting the elevated level of
inflammatory biomarkers in HTN patients. These stud-
ies have shown that inflammation in HTN occurs not
only in the arterial walls, but also throughout the whole
body. HTN can be divided into two groups, including
the dipper and non-dipper groups. In patients with dip-
per HTN, systolic and diastolic blood pressure dropped
by more than 10% during sleep. This diurnal pattern is
thought to be a normal variant. Patients whose blood
pressure does not show this diurnal pattern are referred
to as "non-dippers.” Non-dippers have a higher risk of
cardiovascular disease and target organ damage than
dippers [1, 2]. It is very important to find responsible
pathophysiological conditions which may be the cause
of this risk rise. Some research teams speculated that
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the inflammatory process plays a role in this phenom-
enon; so they compared the inflammatory biomarkers
between these two groups.

A large and growing body of literature has inves-
tigated the role of inflammatory biomarkers and
cytokines in HTN. However, in recent years, there has
been increase interest in simple hematologic biomark-
ers such as the neutrophil to lymphocyte ratio (NLR)
and platelet to lymphocyte ratio (PLR). Blood NLR is a
simple marker for chronic low-grade inflammation that
can be obtained easily from a differential blood count
[3]. Neutrophils and lymphocytes are key immune sys-
tem cellular components. Neutrophils are a type of
innate immunity cell that can produce chemokines,
cytokines, vascular endothelial growth factor (VEGEF),
and matrix metalloproteinase to reinforce the initial
line of the immune system response. Lymphocytes,
which are adaptive immunity cells, are also fine tuned
controllers of this particular immune response [4]. As
neutrophils and lymphocytes interact with each other,
their ratio and sheer numbers have an impact on the
immune response amplitude [5]. Increased neutrophil
numbers, in particular, decrease lymphocyte activity
[6, 7]. Recently, the NLR has emerged as an indicator of
systemic inflammation in a variety of disorders includ-
ing cancer [8], neurologic disorders [9], and infectious
diseases [10]. It has been used as an independent prog-
nostic biomarker in various clinical settings, predict-
ing major mortality, morbidity, and long-term survival
[11-14]. In the context of cardiovascular diseases, NLR
is an emerging marker in patients with heart failure
[15], acute coronary syndrome [16], stable coronary
artery disease [17-20], and for patients undergoing
percutaneous coronary interventions [21] or coronary
artery bypass grafting [22]. In addition, there is a large
volume of published studies describing the role of NLR
in HTN. The majority report that hypertensive patients
had elevated levels of the NLR compared to normoten-
sive individuals and more specifically that non-dippers
had an elevated level of NLR compared to dippers
[23-34]. However, some studies showed no differences
[35-43]. Although extensive research has been carried
out on the role of NLR in HTN, no single study exists
which reviews the available evidence in order to draw a
single result from contradictory findings.

This study systematically reviewed the evidence
regarding the differences in the NLR level between
hypertensive and normotensive individuals as well as
between patients with dipper and non-dipper HTN.
The goal was to develop an understanding of the
pathophysiology of HTN and explain the risk rise of
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cardiovascular events in dippers compared to non-dip-
pers using the NLR.

Material and method
Search strategy and study selection
We conducted this meta-analysis in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [44]. PubMed,
Scopus, and Web of Science databases were systemati-
cally searched up to 20 December 2021 using the fol-
lowing keywords: ((neutrophil AND lymphocyte AND
ratio) OR neutrophil-to-lymphocyte OR NLR) AND
Hypertension. No date or language restrictions were
considered. In addition, we scanned the reference lists
of related articles manually to find potentially missing
or additional eligible studies.

The inclusion criteria based on the PICOS principle
were as follows.

(a) Population: Patients with HTN (either primary or
secondary HTN) in first analysis AND patients with
non-dipper HTN in the second analysis

(b) Intervention (Exposure): High NLR

(c) Control: Healthy control in first analysis AND
patients with dipper HTN in the second analysis

(d) Outcomes: Diagnostic role of NLR

(e) Studies: case—control, cross-sectional, and cohort
studies

If the study did not report the level of NLR as a
mean or standard deviation (SD), Wan et al’s method
was used to calculating the estimated values [45]. In
this study, they discuss different approximation meth-
ods for the estimation of the sample mean and SD and
proposed some new estimation methods to improve
the existing literature. They conclude their work with
a summary table (an Excel spread sheet including all
formulas) that serves as a comprehensive guidance for
performing meta-analysis for different situations. We
used this same Excel sheet in our study.

We excluded the incomplete studies and abstracts,
reviews, case reports, and animal studies. Two authors
independently selected the articles for final inclusion
according to these criteria, and if discrepancies existed,
a third author resolved any disagreements.

Data extraction

The extracted data were as follows: (1) first author; (2)
country of origin; (3) year of publication; (4) study design;
(5) number of cases and controls; (6) NLR level from cases
and controls; (7) drug history; (8) mean age; (9) gender.
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Data synthesis and analysis

Pooled weighted mean difference (WMD) with 95%
confidence interval (95% CI) was used to assess the dif-
ferences in NLR levels between the patients with HTN
and the controls or between dipper and non-dipper
HTN patients. Because different studies used similar
methods to measure the NLR, the unit of NLR among
included studies was recorded the same. We assessed
the quality of studies based on the Newcastle-Ottawa
Scale (NOS) [46], with a maximum grade of nine for
each study. Heterogeneity across included studies was
calculated using I ? statistics and Q test. The I ? values
showed serious (I ?=75-100%), high (I 2=50-74.9%),
moderate (I 2=25-49.9%), low (I 2=0.1-24.9%), and
no (I 2=0) heterogeneity. Furthermore, a significant
Q-statistic showed heterogeneity among studies. If
heterogeneity was high or serious (12>50%), we used
the random-effect model; otherwise, we used the fixed-
effect model. In addition, we used meta-regression and
subgroup analysis to explore source of heterogeneity.
Subgroup analysis was stratified by sample size. The
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small study was defined as studies with sample size
150, and studies with>150 patients were considered
large studies. Egger’s and Begg’s tests and funnel plots
were used to determine the publication bias. STATA
12.0 software (Stata Corporation, College Station, TX,
USA) was used in data analyses. A 2-sided P<0.05 was
considered statistically significant.

Certainty of evidence

Two authors determined the certainty of evidence using
the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) approach for two out-
comes (HTN and non-dipper HTN).

Results

The literature search gave a total of 2165 articles. After
emitting the duplicates, 1794 remained. Among them,
64 were found to be relevant in initial evaluation based
on title and abstract. An additional 34 studies were
excluded due to lack of data on NLR level, seven due to

Records identified through:
Scopus(n = 1288)

PubMed(n=416)

Identification

Web of science(n=456)

Additional records identified

through other sources
(n=0)

(n=1794)

Records after duplicates removed

A 4

Screening

(n=1794)

Records screened

> Records excluded (n = 1730)

Full-text articles excluded, for reasons

(n=64)

Eligibility

Full-text articles
assessed for eligibility

(n=43):

> 1)No data on NLR level (n=34)

2) Irreverent outcomes (n=7)

4

3)Review articles(n=2)

(n=21)

— Studies included in
qualitative synthesis

l

Included

(N

Fig. 1 Flow chart of search and study selection

Studies included in
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(Meta-analysis)
(n=21)
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irrelevant outcomes, and two because they were review
articles. Finally, 21 studies [23—43] investigating the asso-
ciation between NLR and HTN were included in this
meta-analysis (Fig. 1).

Characteristics of the included studies

Of the 21 studies included in this meta-analysis [23—43], six
were case—control studies [25, 33, 35, 41-43], and 15 were
cross-sectional studies [23, 24, 26-32, 34, 36—40]. Con-
cerning document language, all of the documents were in
English. Overall 2396 patients with HTN and 1016 nor-
motensive controls were enrolled in the selected studies.
The general characteristics of the included studies is shown
in Tables 1 and 2. NLR levels in hypertensive patients were
compared with those of normotensive controls in 17 stud-
ies. In terms of sample size, there were nine large studies
[25-32, 36] and eight small studies [33, 34, 38—42]. In addi-
tion, eight studies compared patients with dipper and non-
dipper HTN utilizing the NLR [23, 24, 26, 28, 31, 32, 37, 43].

Differences between hypertensive and normotensive
individuals in NLR level

NLR level differences between HTN patients and normo-
tensive controls were investigated in 17 studies, including

Table 1 General characteristics of included studies
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1847 patients and 1016 controls. The pooled results
showed that there was a significant increase of NLR lev-
els in the hypertensive group in comparison to the con-
trol group (WMD=0.40, 95%CI1=0.22-0.57, P<0.0001,
Fig. 2). There was a significant heterogeneity (I >=87.5%,
»<0.001); so we used random- effect model. However,
the certainty of the evidence was low (Table 3).

In the subgroup analysis according to sample size,
there were nine large studies [25-32, 36], including
1438 hypertensive and 741 normotensive individuals.
There were eight small studies [33, 34, 38—42] with 409
hypertensive and 275 normotensive individuals. Patients
with HTN had higher levels of NLR in either small
(WMD=0.20, 95%CI=-0.01-0.40, P=0.06) or large
studies (WMD=0.55, 95%CI=0.32-0.78, P<0.001) in
comparison to normotensive individuals (Fig. 3).

In the metaregression analysis, there was no significant
effect of total sample size (B<-0.001, adjusted R>=-8.89,
p=0.68), publication year (B=-0.08, adjusted R*=4.06,
p=0.18), NOS score (B=0.16, adjusted R>=0.0%,
p=0.95), gender (B=-8.21, adjusted R>=87.12, p=0.83),
mean age of cases (B=0.001, adjusted R>=86.17,
p=0.86), smoking (B=0.01, adjusted R2=7.11, p=0.24),
diabetes (B=0.02, adjusted R*=3.62, p=0.27), NOS

Author name Year Design Hypertensive patients Normotensive NOS
controls score
Total Dipper Non-dipper
N NLR N NLR N NLR N NLR
Demir 2013 Cross-sectional 80 - 50 1.80+0.52 30 310095 - - 7
Sunbul 2013 Cross-sectional 166 - 83 1.80+£0.50 83 230+0.90 - - 8
Kilicaslan 2014 Cross-sectional 81 2314090 39 1.88+0.60 42 271+£1.18 69 213087 6
Mehmood 2014 Case—control 30 1.94+0.63 - - - - 30 1.72+052 6
Yayla 2014 Cross-sectional 101 249+0.77 - - - - 54 1.80+0.65 8
Belen 2015 Case—control 100 263+0.51 - - - - 50 1.87+0.35 6
Kim 2016 Cross-sectional 535 246+2.17 269 2024132 266 291+3.04 112 1.75£1.77 7
Unamba 2017 Cross-sectional 144 1.35+0.80 - - - 72 1.23+£0.60 7
Wang 2017 Cross-sectional 217 1.91+0.68 - - - - 132 1.65+0.53 8
Bozduman 2018 Cross-sectional 91 2.80+0.78 35 2.00+0.60 56 3.30+0.90 108 1.85+0.55 8
Derya 2018 Cross-sectional 80 3.14+2.16 - - - - 80 1.89+0.55 7
Skrzypczyk 2018 Cross-sectional 54 206+1.30 - - - - 20 1.91+0.80 9
Srinivasagopalan 2018 Case—control 80 2114074 - - - 40 1.64+0.71 8
Tek 2018 Cross-sectional 95 - 47 1.81+0.69 48 1.91+0.69 - - 7
Yousif 2018 Cross-sectional 91 2374137 - - - - 31 2044082 7
Atmaca 2019 Cross-sectional 47 2214128 - - - - 47 207+1.12 9
Cetin 2019 Cross-sectional 89 1.66+0.83 28 1.86+1.09 61 1.58+0.72 64 1.38+0.54 7
Balan 2020 Case—control 26 1.75+0.68 - - - 38 1.76+0.95 8
Berillo 2020 Case—control 16 1.60+0.20 - - - - 15 1.80+0.40 8
Chotruangnapa 2021 Case—control 208 - 104 1.86+0.90 104 1.87+0.70 - - 8
Hou 2021 Cross-sectional 65 218+1.12 - - - - 54 1.68+0.75 8

N Number, NLR Neutrophil to lymphocyte ratio, NOS Newcastle-Ottawa Scale
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%
Author (Year) Effect (95% ClI) Weight
Kilicaslan (2014) —-o—f- 0.18 (-0.10, 0.46) 6.07
Mehmood (2014) - 0.22 (-0.07,0.51) 6.01
Yayla (2014) i — 0.69 (0.46, 0.92) 6.44
Belen (2015) E - 0.76 (0.62, 0.90) 6.93
Kim (2016) — 0.71(0.33, 1.09) 5.40
Unamba (2017) —e— i 0.12 (-0.07, 0.31) 6.67
Wang (2017) — 0.26 (0.13, 0.39) 6.98
Bozduman (2018) E —— 0.95 (0.76, 1.14) 6.67
Derya (2018) | —— 1.25 (0.74, 1.76) 443
Skrzypczyk (2018) —-o—‘:— 0.15 (-0.34, 0.64) 456
Srinivasagopalan (2018) —%'0— 0.47 (0.20, 0.74) 6.14
Yousif (2018) —— 0.33 (-0.07, 0.73) 5.20
Atmaca (2019) —-o—:— 0.14 (-0.35, 0.63) 461
Cetin (2019) —r 0.28 (0.06, 0.50) 6.51
Balan (2020) —‘—: -0.01 (-0.41, 0.39) 5.23
Berillo (2020) — -0.20 (-0.42,0.02)  6.46
Hou (2021) —i—o— 0.50 (0.16, 0.84) 5.68
Overall, DL (I’ = 87.5%, p = 0.000) Q 0.40 (0.22,0.57)  100.00

T I
-2 0 2

NOTE: Weights are from random-effects model

Fig. 2 Metaanalysis of differences in NLR levels between patients with HTN and normotensive controls

score (B=-0.10, adjusted R*>=-4.54, p=0.45), or BMI
(B=0.01, adjusted R?=-12.40, p=0.86). In addition, use
of beta-blocker (B=0.04, adjusted R*=-20.85, p=0.52),
calcium channel blockers (CCB) (B=0.01, adjusted
R?>=95.35, p=0.85), Angiotensin receptor blockers
(ARB) (B=-0.02, adjusted R>=97.68, p=0.50) and diu-
retics (B=-0.009, adjusted R>=97.23, p=0.89) had no
effect on the NLR; so they could not be the source of
heterogeneity. However, use of angiotensin-converting
enzyme (ACE) inhibitors (B=-0.01, adjusted R*=84.87,
p=0.44) had significant effect on NLR; so it could be the
source of heterogeneity.

Differences between patients with dipper and non-dipper
HTN in NLR level

The pooled result of eight studies [23, 24, 26, 28, 31, 32,
37, 43] including 655 patients with dipper HTN and 690
patients with non-dipper HTN in NLR levels showed that
the NLR levels were higher in non-dipper than in the dip-
per group (WMD=0.58, 95%CI=0.19-0.97, P=0.003,
Fig. 4). However, there was a significant heterogeneity (I

2=292.2%, p<0.001); so we used a random-effect model.
According to GRADE method, the certainty of the evi-
dence was low (Table 3).

In the subgroup analysis according to sample size, there
were six large studies, including 655 patients with dipper
HTN and 690 patients with non-dipper HTN. There were
two small studies with 655 patients with dipper HTN and
690 patients with non-dipper HTN. Patients with non-
dipper HTN had higher levels of NLR in large studies
(WMD=0.54, 95%CI=0.10-0.99, P=0.01), but not in
small studies (WMD =0.69, 95%CI=-0.48-1.87, P=0.24)
when comparing to patients with dipper HTN (Fig. 5).

In the metaregression analysis, we found that smok-
ing (B=0.06, adjusted R*=74.68, p=0.05) and BMI
(B=0.39, adjusted R?=100, p=0.004) could be a source
of heterogeneity. However, there was no significant effect
of total sample size (B=-0.0001, adjusted R®>=-15.53,
p=0.66), publication year (B=-0.14, adjusted R*>=25.86,
p=0.13), NOS score (B=0.03, adjusted R>=-18.87,
p=0.93), gender (B=0.06, adjusted R>=33.87, p=0.08),
mean age of cases (B=0.02, adjusted R>=5.28, p=0.28),
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%

Subgroup and Author (Year) Effect (95% CI) Weight
Small study
Mehmood (2014) —— 0.22 (-0.07, 0.51) 6.01
Skrzypczyk (2018) —_—— 0.15 (-0.34, 0.64) 4.56
Srinivasagopalan (2018) —— 0.47 (0.20, 0.74) 6.14
Yousif (2018) —— 0.33 (-0.07, 0.73) 5.20
Atmaca (2019) —— 0.14 (-0.35, 0.63) 4.61
Balan (2020) s -0.01 (-0.41, 0.39) 5.23
Berillo (2020) —— -0.20 (-0.42,0.02)  6.46
Hou (2021) —— 0.50 (0.16, 0.84) 5.68
Subgroup, DL (I’ = 65.4%, p = 0.005) <> 0.20 (-0.01,0.40)  43.90
Large study :
Kilicaslan (2014) . 0.18 (-0.10, 0.46) 6.07
Yayla (2014) | —— 0.69 (0.46, 0.92) 6.44
Belen (2015) | - 0.76 (0.62, 0.90) 6.93
Kim (2016) —— 0.71(0.33, 1.09) 5.40
Unamba (2017) T 0.12 (-0.07, 0.31) 6.67
Wang (2017) -~ 0.26 (0.13, 0.39) 6.98
Bozduman (2018) | — 0.95 (0.76, 1.14) 6.67
Derya (2018) S — 1.25 (0.74, 1.76) 4.43
Cetin (2019) — 0.28 (0.06, 0.50) 6.51
Subgroup, DL (I = 90.5%, p = 0.000) 4<> 0.55 (0.32, 0.78) 56.10
I
|
Heterogeneity between groups: p = 0.024 :
Overall, DL (f = 87.5%, p = 0.000) <> 0.40 (0.22, 0.57)  100.00
T T
-2 0 2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Fig. 3 Subgroup analysis of differences in NLR levels between patients with HTN and normotensive controls according to sample size

smoking (B=0.06, adjusted R?=74.68, p=0.05), diabe-
tes (B=-0.008, adjusted R?=-18.68, p=0.71), and BMI
(B=0.39, adjusted R?>=100, p=0.004) on the association
between NLR and HTN; so they could not be the source
of heterogeneity.

Publication bias

As seen in Fig. 6, the funnel plots are asymmetrical and
suggest that publication bias may exist. However, none of
the statistical methods for subgroup analysis found such
differences in NLR levels between patients with HTN and
normotensive controls (Egger’s test P=0.09, Begg’s test
P=0.08), and between patients with dipper and non-dip-
per HTN (Egger’s test 0.13, Begg’s test P=0.10).

Discussion

The exact etiology which underlies HTN, a known risk
factor for cardiovascular disease, is still unclear [31, 47].
In this meta-analysis, we systematically reviewed papers
working on the NLR level in normotensive individuals

and dipper and non-dipper hypertensive patients. Our
results indicate that NLR level was significantly higher
in hypertensive individuals compared with normotensive
individuals. Also, it has been demonstrated that non-
dipper hypertensive patients have increased NLR levels
in comparison to dipper hypertensive patients. On the
other hand, antihypertensive agents can regulate the NLR
[48]. For example, Fici et al., in their study, showed that
a selective 1 blocker, nebivolol, can cause a reduction
in blood pressure, vascular micro-inflammation preven-
tion, and NLR reduction [49]. Likewise, in a study done
by Karaman et al., it was found that valsartan, which is
an Angiotensin II receptor blocker, reduces the NLR
after 12 weeks of treatment more efficiently compared to
amlodipine, a calcium channel blocker [50]. Moreover,
the NLR reliably indicates the systemic inflammation sta-
tus across the body [51].

The inflammation can possibly play a role in the patho-
physiology of HTN through an increase in inflammatory
markers like IL-1f, IL-6, and TNF-« [52]. Based on these
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Author (Year)

Demir (2013)
Sunbul (2013)
Kilicaslan (2014)
Kim (2016)
Bozduman (2018)

Tek (2018) —

Cetin (2019)

Chotruangnapa (2021) —

Overall, DL (7 = 92.2%, p = 0.000)
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%

Effect (95% CI) Weight

; . 1.30 (0.93, 1.67) 12.26

—ﬁ— 0.50 (0.28, 0.72) 13.20
—i—o— 0.83 (0.43, 1.23) 12.00
—i—o— 0.89 (0.49, 1.29) 12.05

i —_— 1.30 (0.99, 1.61) 12.69

-— i 0.10 (-0.18, 0.38) 12.88
— i -0.28 (-0.72, 0.16) 11.70
— i 0.01 (-0.21, 0.23) 13.21
<> 0.58 (0.19, 0.97) 100.00

T
-2

NOTE: Weights are from random-effects model

Fig. 4 Metaanalysis of differences in NLR levels between patients with dipper and non-dipper HTN

findings, it is important to investigate the possible role of
Neutrophils and lymphocytes in inflammation causing
HTN.

Neutrophils, the predominant leukocyte in the blood,
are polymorphonuclear granulocytes that play an impor-
tant role in modulating innate and adaptive immune
responses [48, 53]. In a study by Sela et al., the number
of neutrophils was found to increase before the devel-
opment of HTN in experimental models on mice [54].
Moreover, in another paper by Tatsukawa et al., it has
been shown that the neutrophil count was remarkably
high in hypotensive Japanese women compared to the
control group [55]. Different studies indicate that isolated
neutrophils surges are seen in arterial hypertension (AH)
pre-clinical models, hypertensive individuals, and women
with preeclampsia. These conditions increase levels of
ROS as well as phagocytic activity. During host-defense
reactions, myeloperoxidase (MPO) and NADPH oxidase
activation increase. This results in the formation of neu-
trophil extracellular traps constituted by DNA fibers and
granule proteins. The neutrophils adhere to endothelial

cells, which can increase cellular permeability and cause
vascular dysfunction [48]. Furthermore, Nicholls et al.
illustrated that neutrophils incubated by norepineph-
rine had an increased release of IL-6 and MPO [56]. This
suggests a possible regulatory function for neutrophils
dependent on the sympathetic system [48].

A study by Morton et al. strongly suggests a direct
involvement of neutrophils in the control of blood
pressure. They indicate that decreased neutrophils in
normotensive mice can lead to a reduction in endothe-
lial-dependent vasoconstriction and systolic blood pres-
sure [57].

Therefore, according to these aforementioned mecha-
nisms, increased neutrophil counts can likely attribute to
high blood pressure.

The leukocyte response seen in increased NLR ratios
is lymphocyte dependent. Reduction in the number of
lymphocytes results in physiologic stress and poor health
status [58]. There are various subtypes of T lymphocytes
that affect blood pressure by regulating cytokine release
throughout the cardiovascular system [59]. Zhang et al.
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Subgroup and Author (Year)

Small study

Demir (2013)

Tek (2018)

Subgroup, DL (I2 =96.1%, p = 0.000)

Large study

Sunbul (2013)

Kilicaslan (2014)

Kim (2016)

Bozduman (2018)

Cetin (2019)

Chotruangnapa (2021)

Subgroup, DL (I* = 92.1%, p = 0.000)

Heterogeneity between groups: p = 0.814

Overall, DL (F = 92.2%, p = 0.000)
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NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Fig. 5 Subgroup analysis of differences in NLR levels between patients with dipper and non-dipper HTN, according to sample size

found that T-bet deficient mice were unable to initiate
a T} 1 response. These mice had sustained hypertensive
responses but were protected from renal damage from
chronic angiotensin II provocation [60]. The data sugges
that T} 1 cells can cause kidney injury that is independent
of high blood pressure [59].

Secretion of IL-17, known as a proinflammatory
cytokine, is primarily by T;17 cells. This release plays a
role in the pathogenesis of many autoimmune diseases.
The effect of T} 17 lymphocytes on blood pressure is still
controversial. However, the injurious effect of IL-17 or
IL-23 deficiency in the DOCA/salt model of hyperten-
sion indicates a protective role for T} 17 cells [59].

In opposition to the inflammatory role of T}1 and T} 17
cells, regulatory T lymphocytes can modulate the anti-
inflammatory cellular immune responses [58, 59]. An animal
study by Barhoumi et al. showed that T, cells by mediating
the angiotensin II response [61]. T, cells produce IL-10,
which is an important cytokine. In addition to immuno-
suppression, endogenous IL-10 can reduce oxidative stress
and vascular dysfunction by a blood pressure-independent

mechanism. It has been shown that exogenous IL-10 can
reduce blood pressure to the normal range and make the
endothelial function normal in hypertensive pregnant mice
[59, 62]. Thus, the protective effect of T,,, cells mediated
through the IL-10 response warrants further investigation.

Despite the fact that additional studies should be done
to elucidate the role of CD8+T Lymphocytes in modu-
lating hypertension, it has been shown that mice defi-
cient in transcription factor inhibitor of differentiation
(Id2) have altered CD8+T cell memory and decreased
natural killer cells. These mice do not exhibit hyperten-
sion induced by angiotensin II [59].

In summary, different subtypes of T lymphocytes can
induce various levels of inflammation, which can either
lead to hypertension or protect against it. The protec-
tive role of Treg cells was indicated, and it was stated that
Th17 might have some protective effect against HTN if
appropriately regulated.

Another type of lymphocyte is B cells which are nec-
essary for adaptive immunity. The mechanisms by which
B cells can play a role in hypertension has not been
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Fig. 6 Funnel plot assessing the potential publication bias; A Studies on the differences in NLR levels between patients with HTN and normotensive
controls; B studies on the differences in NLR levels between patients with dipper and non-dipper HTN

explored enough. However, it has been indicated by Chan
and colleagues that angiotensin infusions induce further
increase in B cells as well as plasma cell activation in lym-
phoid tissues. On the other hand, anti-CD20 antibody
administration and genetic deficiency of B cells can cause
the protection of mice against the hypertensive effects of
angiotensin II [63]. Finally, additional studies focusing on

the role of B cells in hypertension are needed to investi-
gate novel mechanisms.

In our study, we indicate that in hypertensive patients,
the number of neutrophils is increased, and the number
of T lymphocytes that have a protective role is decreased.
So, the NLR will be higher in hypertensive individuals
and lower in normative controls.
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As it has been stated before that non-dipper hyper-
tensive individuals have a higher cardiovascular disease
risk due to myocardial infarction and target organ dam-
age compared with dipper hypertensive patients [51, 64].
These conditions are thought to be due to high platelet
activity and increased inflammation [65]. The higher
NLR levels in non-dipper hypertensive patients than dip-
per patients can indicate an increased pro-inflammatory
state [64]. Moreover, it has been illustrated that the NLR
can be used to independently predict long-term mortal-
ity and myocardial infarction [51]. Bayrakci et al. showed
that the platelet-to-lymphocyte ratio (PLR), which is
considered an inflammatory marker, is also remarkably
higher in non-dipper hypertensive patients compared to
dipper ones [66]. Inflamed tissues secrete some cytokines
like IL-6, which contribute to vascular dysregulation.
Through the influence of the cytokines, as mentioned
earlier, the liver synthesizes C-reactive protein (CRP).
High CRP levels can damage vessel walls. Also, there is
an association with increased serum uric acid levels. This
has been increased with higher cardiovascular disease
[65]. Systemic inflammation can cause bone marrow dys-
function, leading to varied red blood cell size. Increased
red blood cell distribution width (RDW) may be seen
in inflammation [67]. Interestingly, CRP, uric acid, and
RDW values are significantly higher in the non-dipper
hypertensive patients compared with the dipper hyper-
tensive patients and control group [65].

Higher blood pressure levels in non-dipper hyper-
tensive individuals over the night can cause endothelial
damage that triggers the proinflammatory process. Fur-
thermore, inflammation can lead to blood pressure eleva-
tion. As a result, increased inflammation and high blood
pressure both can feedback on each other contributing
to cellular damage [65, 68]. Finally, because non-dipper
hypertensive individuals have higher blood pressure dur-
ing the night, they have increased inflammation which
increases mortality and morbidity [65].

Limitation

Some limitations of our study do exist. First, geographic
variability is essential to consider in the context of these
results. The majority of current studies on this topic were
performed in Turkey. Disparities in both HTN rates as
well as HTN outcomes have been shown within differ-
ent geological locations. It is important to note that the
results from the studies on this topic to date may not be
as applicable to hypertensive patients located in different
geographical regions. Thus, similar prospective and retro-
spective studies are warranted in wider geographic loca-
tions to characterize any potential differences between
these populations. Second, heterogeneity in studies was
greater than expected due to various treatment regimens,
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age ranges, and gender differences for included patients.
Therefore, widespread validity is a concern, and future
larger prospective studies are needed. Third, this review
was not registered in PROSPERO. Finally, several studies
are limited by bias, whether based on selection or publi-
cation, which should be considered.

Conclusion

The current study is mainly providing knowledge of
pathology of hypertension. Patients with HTN had
higher level of NLR than normotensive individuals. In
addition, patients with non-dipper HTN had higher NLR
than those with dipper HTN. NLR represents a unique
inflammatory marker whose elevation in HTN provides
implications regarding immune system imbalance in the
pathogenesis of the disease. In evaluation of included
studies, it can be concluded that there may be association
between HTN and NLR. Ultimately, with the develop-
ment of new biomarkers and therapeutic modalities, we
can better prevent and treat delirium to decrease long-
term morbidity and mortality.

Abbreviations

NLR Neutrophil to lymphocyte ratio
PLR Platelet to lymphocyte ratio
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