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Abstract

Background: [solated systolic hypertension (ISHT) is a subtype of hypertension (HT) that often exhibits wide pulse pressure,
and pulse pressure has a strong predictive value for future adverse cardiovascular events. Previous studies have shown the
effects of leukocyte count on the prognosis of ischaemic heart disease and HT.

Aim: Thus, in this cross-sectional study, we analysed the relationship between leukocyte counts and subtypes in HT and
non-HT groups.

Methods: The study population consisted of 960 consecutive patients who were admitted to the outpatient clinic of our hos-
pital. After ambulatory blood pressure values were assessed, the participants were divided into three groups: ISHT (n = 98),
systo-diastolic hypertensives (SDHT, n = 405), and non-hypertensives (non-HT, n = 457).

Results: The subjects in the ISHT group were older than those in the SDHT and non-HT groups (64 = 10, 53 = 12, and
52 * 13, respectively; p < 0.001). The leukocyte and neutrophil counts and neutrophil/lymphocyte (NL) ratios were sig-
nificantly different in all groups. In subgroup analysis, the leukocyte count, neutrophil count, and N/L ratio were higher in
the ISHT and SDHT groups than in the non-HT group (p < 0.001 for all). The leukocyte count, neutrophil count, and N/L
ratio were significantly higher in the ISHT group than in the SDHT group (p = 0.023, p = 0.007, p = 0.010, respectively).
Neutrophil count (p = 0.012; OR = 1.229, 95% Cl 1.046-1.444) was an independent risk factor for ISHT in multivariate
logistic regression analysis.

Conclusions: The leukocyte and neutrophil counts and N/L ratios were higher in the ISHT group than in the SDHT and
non-HT groups. High neutrophil count was an independent predictor of ISHT.
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INTRODUCTION
Hypertension (HT) is an important risk factor for cardiovascular
disease [1, 2]. Isolated systolic hypertension (ISHT) is a subtype
of HT, the importance of which has become understood in
recent years. ISHT often exhibits wide pulse pressure (PP).
Defined as the difference between systolic (SBP) and diastolic
(DBP) blood pressure, PP is an indicator of a prominently in-

creased stiffening of the arteries and advanced organ damage
in HT patients [3]. Wide PP is a good indicator of cardiovas-
cular events in middle-aged and elderly HT patients [4-7].
Although the underlying pathogenesis is not well known,
recent studies have shown that systemic inflammation plays
a vital role in the development of HT [8, 9]. Leukocyte and
neutrophil counts are simple but effective markers of chronic
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inflammation [10]. Epidemiological studies have shown an
association between white blood cell count and prognosis
in ischaemic heart disease and in HT [11-15]. In addition,
previous clinical studies have shown a relationship between
high leukocyte counts and PP and increased future adverse
cardiovascular events. Therefore, in this study, we investigated
the relationship of leukocyte counts and leukocyte subtypes
in ISHT groups compared to systo-diastolic HT (SDHT) and
non-HT subjects.

METHODS

A total of 2,500 patients (18-80 years of age), whose am-
bulatory blood pressure (ABP) records had been evaluated
between January 2011 and December 2012, were enrolled
onto our study. Past medical history information, including
medications, smoking habits, physical examination results, and
anthropometric measurements (height, weight) were taken
from patient files. Any missing or unavailable data resulted
in exclusion of the patient. By the end of the recruitment
process, a total of 960 patients remained and were included
in the study.

After the office blood pressure (OBP) and ABP assess-
ment, the patients were divided into three groups: ISHT
(n = 98), SDHT (n = 405), and non-HT (n = 457).

SDHT was defined as OBP > 140/90 mm Hg, daytime
ABP >135/85 mm Hg or the active use of antihypertensive drugs.

ISHT was defined as OBP > 140/90< mm Hg. The
thresholds for daytime ambulatory ISHT were > 135 mm Hg
for SBP and < 85 mm Hg for DBP.

Non-HT wasdefined as consistently OBP < 140/90< mm Hg
and daytime ABP < 135/85< mm Hg in subjects not receiving
antihypertensive treatment [16].

Diabetes was defined according to the American Diabetes
Association guidelines, as fasting serum glucose > 126 mg/dL
(7 mmol/L), nonfasting glucose > 200 mg/dL (11.1 mmol/L), or
active use of anti-diabetic treatment [17]. Smoking habit was
defined as a history of tobacco use at admission (packs/years).
The height and weight of the subjects were recorded, and
body mass index (BMI) was calculated as the ratio of weight
in kilograms divided by the square of height in metres.

The exclusion criteria of this study were secondary HT,
heart failure, coronary artery disease, stroke, moderate to
severe valvular disease, chronic renal failure, chronic liver
disease, thromboembolic disorders, and haematological ab-
normality. Because extreme levels could indicate occult
diseases, we also excluded patients with a total leukocyte
count > 12,000/mm?, neutrophil > 78%, lymphocyte > 63%,
or monocyte > 14%. Because of the different pathophysio-
logic mechanisms that cause only increased SBP such as high
stroke volume in young adults, ISHT patients below the age
of 40 were excluded from the present study (four patients).
Eligible patients were between 18 and 80 years of age, and all
provided written informed consent, which was a prerequisite
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for enrollment. The study complied with the Declaration of
Helsinki, and the trial protocol was approved by the local
ethics committee.

ABPM
Ambulatory blood pressure monitoring (ABPM) was moni-
tored for 24 h with an ambulatory BP monitor (Tonoport V;
GE Healthcare) that was programmed to measure BP every
15 min during the day, and every 30 min during the night,
for a 24-h period. Daytime was defined as 07:00-23:00 h,
and night-time as 23:00-07:00 h.

Laboratory parameters, including total leukocyte, neu-
trophil, monocyte, and lymphocyte counts and glucose,
creatinine and lipid profiles were determined using standard
biochemical methods.

Statistical analysis

Statistical analyses were performed using SPSS software,
version 17. The variables were investigated using visual (his-
togram, probability plot) and analytical (Kolmogorov-Smirnoy,
Shapiro-Wilk tests) methods to determine whether or not
they were normally distributed. Descriptive analyses were
presented as mean = standard deviation (SD), and categorical
variables were expressed as percentages. A Mann-Whitney
U test was performed to test the significance of pairwise
differences, using the Bonferroni correction to adjust for
multiple comparisons. Differences between continuous and
categorical variables among the three groups were assessed
using one-way ANOVA, Kruskal-Wallis, and x? tests. For the
multivariate analysis, the possible factors identified with
univariate analyses were further entered into the logistic
regression analysis to determine independent predictors of
ISHT. A Spearman’s correlation analysis was performed to de-
termine the association of neutrophil/lymphocyte (N/L) ratio
with 24-h SBP, 24-h DBP and PP. An overall 5% type-I error
level was used to infer statistical significance.

RESULTS
Baseline demographic, clinical, and biochemical charac-
teristics of the three groups are presented in Table 1. There
were 98 ISHT, 405 SDHT, and 457 non-HT subjects en-
rolled in the study. The mean age of the ISHT group was
64 = 10 years. The number of patients with ISHT in each
group distributed according to their age was as follows:
77 (78.6%) patients were > 60; 16 (16.3%) patients 50-60,
and 5 (5.1%) patients 40-50. The mean age of ISHT pa-
tients > 60 was 68 = 10. Also, ISHT patients were consid-
ered in different subgroups: sustained HT — 44 (44.9%),
white-coat HT — 31 (31.6%), and masking HT — 23 (23.5%).
For SDHT patients, the subgroups were: sustained HT
— 192 (47.4%), white-coat HT — 105 (25.9%), and masking
HT — 114 (28.1%). There were no significant differences
among the three groups in terms of baseline demographics

749



Hamdi Pusuroglu et al.

Table 1. Characteristics of the study population

ISHT (n = 102)
Gender (male) 46 (46.9%)
Age [years] 64 + 10*
Body mass index [kg/m?] 304

Smoking 45 (45.9%)
Diabetes 24 (24.5%)
Glucose [mg/dL] 107 + 30
Creatinine [mg/dL] 09 +0.5
LDL-cholesterol [mg/dL] 135 £ 40
Total-cholesterol [mg/dL] 208 + 46
Triglyceride [mg/dL] 159 + 68
HDL-cholesterol [mg/dL] 48 =12

ACEI 20 (20.4%)
ARB 15 (15.3%)
Beta-blocker 11 (11.2%)
Ca-channel blocker 18 (18.4%)
Diuretic 19 (19.4%)

SDHT (n = 405)

Non-HT (n = 457)

209 (51.6%) 232 (50.8%) 0.709
5312 5213 < 0.001
304 27 +5 0.110

175 (43.2%) 213 (46.6%) 0.597
69 (17%) 71 (15.5%) 0.102
113 =40 108 = 24 0.190

0.9+0.3 09=0.2 0.121
132 =35 130 = 35 0.395
203 £ 44 206 + 42 0.822
157 = 80 149 =73 0.240
48 £ 12 50 =13 0.330

95 (23.5%) 0.519

65 (16%) 0.857
35 (8.6%) 0.426
48 (11.9%) 0.086

87 (21.5%) 0.648

*p < 0.01 ISHT vs. SDHT and non-HT group; ACEl — angiotensin-converting enzyme inhibitor; ARB — angiotensin receptor blocker; LDL — low-
-density lipoprotein; HDL — high-density lipoprotein; HT — hypertension; ISHT — isolated systolic hypertension; SDHT — systo-diastolic hypertension

Table 2. Comparison of ambulatory blood pressure monitoring variables between the three groups

ISHT
Daytime-SBP [mm Hg] 150 = 10
Daytime-DBP [mm Hg] 83 +5
Night-time-SBP [mm Hg] 145 + 13
Night-time-DBP [mm Hg] 77 =7
24-h-SBP [mm Hg] 149 =9
24-h-DBP [mm Hg] 81 x4
Pulse pressure 68 = 11

SDHT Non-HT P
156 = 12 124 =10 < 0.001
99 +9 77 =7 < 0.001
148 = 15 114 =11 0.139
90 =10 68 + 7 < 0.001
154 = 14 122 £9 < 0.001
97 + 8 75+7 < 0.001
57 =11 47 = 6 < 0.001

DBP — diastolic blood pressure; HT — hypertension; ISHT — isolated systolic hypertension; SBP — systolic blood pressure; SDHT — systo-diastolic

hypertension

or clinical properties, with the exception of age. The ISHT
group was older than the SDHT and non-HT groups (64 = 10,
53 + 12, and 52 = 13 years, respectively; all p < 0.001).
However, there was no significant difference between the
SDHT and non-HT groups (p = 0.971). BMI was lower in the
non-HT group (27 = 5 kg/m?) than in the ISHT (30 = 4 kg/m?)
and SDHT (30 = 4 kg/m?) groups, but the difference was not
statistically significant (p = 0.110). There was no difference
between the HT groups in terms of medications.

When the ABPM results of the three groups were in-
vestigated, daytime SBP, daytime DBP, night-time DBP, 24-h
SBP, and 24-h DBP were found to be significantly higher in
the SDHT group than in the ISHT and non-HT groups (all
p < 0.001 except night-time SBP, p = 0.139). 24-h PP was
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significantly higher in the ISHT group (68 = 11 mm Hg) than
in the SDHT group (57 = 11 mm Hg) (p < 0.001) (Table 2).

Leukocyte, neutrophil counts and N/L ratios were higher
in the ISHT and SDHT groups than in the non-HT group
(p < 0.001, p < 0.00,1 and p = 0.001, respectively). The
leukocyte, neutrophil counts and N/L ratios of the ISHT
group were higher than those of the SDHT group (p = 0.023,
p = 0.007, and p = 0.010, respectively). There were no
significant differences in lymphocyte and monocyte counts
among the three groups (Table 3).

Neutrophil counts were positively correlated with 24-h SBP
(p = 0.040), daytime and night-time SBP (p = 0.032, p = 0.029,
respectively) and 24-h PP (p = 0.006) (Table 4). Leukocyte
counts were positively correlated with 24-h SBP (p = 0.042),

www.kardiologiapolska.pl



Isolated systolic hypertension, neutrophil count, neutrophil/lymphocyte ratio

Table 3. Leukocyte and leukocyte subtype counts in the three groups

ISHT
Leukocyte count [10° cells/L] 8.1 +2.1
Neutrophil count [10° cells/L] 51+1.6
Lymphocyte count [10° cells/L] 23+09
Monocyte count [10° cells/L] 05=0.2
N/L ratio 24 1

SDHT Non-HT P
7618 71217 < 0.001
467 1.3 40=x1.2 < 0.001
23 %07 24 x0.7 0.293
0.6 0.2 0.5+ 0.1 0.285
2.1 x07 1.8=0.6 0.001

N/L — neutrophil/lymphocyte; HT — hypertension; ISHT — isolated systolic hypertension; SDHT — systo-diastolic hypertension

Table 4. Correlations between selected covariates and
neutrophil count

24-h SBP 0.092 0.040
24-h DBP -0.050 0.262
Daytime SBP 0.096 0.032
Daytime DBP -0.042 0.342
Night-time SBP 0.098 0.029
Night-time DBP -0.007 0.868
24-h pulse pressure 0.124 0.006
Age -0.002 0.963

DBP — diastolic blood pressure; SBP — systolic blood pressure

daytime and night-time SBP (p = 0.041 and p = 0.029, respec-
tively), and 24-h PP (p = 0.027). In addition, N/L ratio was also
found to be positively correlated with 24-h SBP (p = 0.037),
night-time SBP (p = 0.019), and 24-h PP (p = 0.002).

In univariate logistic regression analysis, neutrophil count
(p = 0.003; OR = 1.252, 95% Cl 1.078-1.454), diabetes
mellitus (p < 0.001; OR = 2.253, 95% Cl 1.369-3.709)
and age (p < 0.001; OR = 1.100, 95% ClI 1.074-1.126)
were found to be independent risk factors of ISHT (Table 5).
In addition, neutrophil count (p = 0.012; OR = 1.229, 95%
Cl11.046-1.444), diabetes mellitus (p = 0.007; OR = 2.136,
95% Cl11.234-3.698) and age (p < 0.001; OR = 1.101, 95%
Cl1 1.074-1.128) were independent risk factors in multivariate
logistic regression analysis (Table 5).

DISCUSSION

Three main findings emerged from this study. Firstly, the
leukocyte counts, neutrophil counts, and N/L ratios of the
HT patients were higher than those of the non-HT group.
Secondly, the leukocyte counts, neutrophil counts, and N/L
ratios of the ISHT group were higher than those of the SDHT
group. Thirdly, there were significant positive correlations
between the leukocyte counts, neutrophil counts, N/L ratios
and ambulatory 24-h SBP night-time SBF, and ambulatory
24-h PP (APP).

ABPM is known to be superior to OBP for predicting
organ damage [18] and long-term prognosis [19, 20]. There-
fore, we used ABPM in this study, and we found that this
parameter correlated with neutrophil and leukocyte counts
and N/L ratios.

Atherosclerosis is a chronic inflammatory process [21, 22]
that can lead to HT [8, 9], and leukocyte count is a marker
of chronic inflammation [11]. Leukocytes may increase reac-
tive oxygen species, arachidonic acid and cathepsin release
during chronic inflammation. Nitric oxide inactivation, in-
creased vascular inflammation and renin-angiotensin system
stimulation play pivotal roles in the development of HT [23].
Leukocytes may increase blood viscosity, and thus affect pe-
ripheral vascular resistance, which may also be a factor in the
development of HT [24]. Tatsukava et al. [25] reported that
an increase in neutrophil count may be a strong indicator of
HT development. Tiang et al. [26] showed the positive direct
relationship of neutrophil count and the inverse relationship of
lymphocyte count with HT. HT has a direct relationship with

Table 5. Univariate and multivariate stepwise logistic regression model of isolated systolic hypertension

Univariate Multivariate
95% Cl 95% CI
Neutrophil 1.252 1.078-1.454 0.003 1.229 1.046-1.444 0.012
Diabetes mellitus 2.253 1.369-3.709 0.009 2.136 1.234-3.698 0.007
Smoking 1.116 0.716-1.738 0.628
Male gender 0.830 0.533-1.291 0.407
Age 1.100 1.074-1.126 < 0.001 1.101 1.074-1.128 < 0.001
Creatinine 1171 0.915-3.163 0.093

Cl — confidence interval; OR — odds ratio
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neutrophil count and an inverse relationship with lymphocyte
count, especially in African-Americans, but much less so in
Caucasians. In our study, lymphocyte counts were higher in
the nonhypertensive group than in the HT groups, but the
difference was not statistically significant (Table 1).

In our study, neutrophil and leukocyte counts were higher
in the ISHT group than in the SDHT group. Given that the
patients in the ISHT group were older than those in the other
groups, there are conflicting results in the literature regarding
any correlation between age and neutrophil count. We did
not find a correlation between age and neutrophil count in
our present study (r = -=0.002, p = 0.957).

In addition, just 24-h APP, except for other ambulatory
SBP and ambulatory DBF, was higher in the ISHT groups
than in the SDHT group (Table 2). The results might sug-
gest that wide APP has a better predictive value than other
ABPM values for indicating inflammation. Angeli et al. [27]
found that wide 24-h APP (> 57 mm Hg) patients had higher
neutrophil counts. Wide PP has been found to be related to
increased markers of chronic inflammation and stiffening of
the arteries, and therefore it has been used as a marker of
atherosclerosis [11, 28].

In the current study, we found that N/L ratios were higher
in the ISHT patients than in the other subjects. Not only
neutrophil count, but also N/L ratio, may be associated with
increased arterial stiffness and intense inflammation in HT.
Previous studies have shown a relationship between N/L ratio
and future adverse cardiovascular events [29-32].

It is known that ISHT is related to arterial stiffness. Pre-
vious studies have shown that smoking produces an increase
in arterial stiffness [33, 34]. The association between smoking
and ISHT has been inconsistent in prior studies [35, 36]. In
our multiple regression model, smoking status was not an
independent determinant of ISHT.

Limitations of the study
Our study has some limitations. Firstly, it had a retrospec-
tive, single-centre design. Secondly, we could not evaluate
the leukocyte activation markers, lymphocyte subtypes,
high-sensitivity C-reactive protein, other proinflammatory
cytokines, or markers of oxidative stress. Thirdly, we excluded
patients > 80 years old and/or with clinically overt cardiovas-
cular disease (such as coronary artery disease, cerebrovascular
disease, and renal failure), and therefore our results cannot
be extrapolated to all hypertensive subjects.

CONCLUSIONS
Leukocyte, neutrophil counts and N/L ratios were found
to be higher in the ISHT group than in the SDHT group in
our study. Also high neutrophil count was an independent
predictor of ISHT.

Conflict of interest: none declared
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Analiza porownawcza catkowitej liczby
leukocytow i okreslonego typu leukocytow
miedzy grupami pacjentow z izolowanym
nadcisnieniem skurczowym, nadcisnieniem
skurczowo-rozkurczowym i prawidtowym
ciSnieniem tetniczym
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Streszczenie

Wistep: Izolowane nadcisnienie tetnicze (ISHT) jest typem nadcisnienia tetniczego (HT), w ktérym czesto wystepuje wysokie
cisnienie tetna. Cisnienie tetna ma duza wartosc¢ predykcyjna w odniesieniu do przysztych niepozadanych zdarzeri sercowych.
Wezesniejsze badania wykazaly, ze liczba leukocytéw wptywa na rokowanie dotyczace choroby niedokrwiennej serca oraz HT.

Cel: Celem badania byto przeanalizowanie zaleznosci miedzy liczba leukocytéw i liczba okreslonego typu leukocytéw u os6b
zakwalifikowanych do grup z HT lub grupy bez HT.

Metody: Do badania wiaczono 960 kolejnych pacjentéw przyjetych do poradni przyszpitalnej. Po ambulatoryjnym pomiarze
cisnienia tetniczego uczestnikow podzielono na trzy grupy: osoby z ISHT (n = 98), osoby ze skurczowo-rozkurczowym HT
(n = 405) i osoby z prawidfowym ci$nieniem tetniczym (n = 457).

Wyniki: Pacjenci z grupy ISHT byli starsi niz osoby ze skurczowo-rozkurczowym HT oraz osoby z prawidfowym ci$nieniem
tetniczym (bez HT) (odpowiednio 64 = 10, 53 = 1252 * 13; p < 0,001). Liczba leukocytéw, liczba neutrofili i wspétczynniki
N/L r6znity sie istotnie miedzy grupami. W analizie podgrup wykazano, ze liczba leukocytéw, liczba neutrofili i wspdtczynnik
N/L byly wyzsze w grupach os6b z ISHT oraz skurczowo-rozkurczowym HT niz u pacjentéw z prawidfowym ci$nieniem
tetniczym (p < 0,001 dla wszystkich poréwnar). Liczba leukocytéw, liczba neutrofili i wspotczynniki N/L byly istotnie wyzsze
w grupie z ISHT niz w grupie ze skurczowo-rozkurczowym HT (odpowiednio: p = 0,023; p = 0,007; p = 0,010). Liczba
neutrofili (p = 0,012; OR = 1,229; 95% Cl 1,046-1,444) byfa niezaleznym czynnikiem ryzyka ISHT w wieloczynnikowej
analizie regresji logistyczne;j.

Whioski: Liczba leukocytéw, liczba neutrofili i wspétczynnik N/L byty wieksze w grupie ISHT niz w grupach ze skurczowo-roz-
kurczowym HT i z prawidtowym ci$nieniem tetniczym. Duza liczba neutrofili byta niezaleznym czynnikiem predykcyjnym ISHT.

Stowa kluczowe: izolowane nadcisnienie skurczowe, liczba leukocytéw, liczba neutrofili, wspétczynnik N/L
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