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Abstract

Objectives

We investigated the relationship between leukocyte subtype counts and vascular structure
and function based on carotid intima-media thickness, pulse wave velocity, central augmen-
tation index and cardio-ankle vascular index by gender in intermediate cardiovascular

risk patients.

Methods

This study analyzed 500 subjects who were included in the MARK study, aged 35 to 74
years (mean: 60.318.4), 45.6% women. Measurement: Brachial ankle Pulse Wave Velocity
(ba-PWYV) estimate by equation, Cardio-AnkleVascular Index (CAVI) using the VaSera de-
vice and Carotid ultrasound was used to measure carotid Intima Media Thickness (IMT).
The Mobil-O-Graph was used to measure the Central Augmentation Index (CAIXx).

Results

Total leukocyte, neutrophil and monocyte counts were positively correlated with IMT (p <
0.01) in men. Monocyte count was positively correlated with CAlx in women (p < 0.01).Ina
multiple linear regression analysis, the IMT mean maintained a positive association with the
neutrophil count (8 = 1.500, p = 0.007) in men. CAlx maintained a positive association with
the monocyte count (8 =2.445, p = 0.022) in women.
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Conclusion

The results of this study suggest that the relationship between subtype circulating leukocyte
counts and vascular structure and function, although small, may be different by gender. In
men, the neutrophil count was positively correlated with IMT and in women, the monocyte
count with CAlx, in a large sample of intermediate-risk patients. These association were
maintained after adjusting for age and other confounders.

Trial Registration
ClinicalTrials.gov NCT01428934

Introduction

Atherosclerosis is, at least in part, an inflammatory process involving the infiltration of the cir-
culating leukocyte subtype into the vessel wall [1]. Leukocyte adhesion to the vascular endothe-
lium and subsequent transendothelial migration play essential roles in the pathogenesis of
cardiovascular diseases such as atherosclerosis [2]. Several epidemiologic studies have reported
that an increased leukocyte subtype count is a strong independent risk factor for cardiovascular
(CV) events [3,4]. An increased leukocyte subtype count is an independent risk factor for the
prevalence and progression of subclinical carotid atherosclerosis [5-11]. However, Kuo et al.
[12] reported no association between total leukocyte count and IMT in asymptomatic subjects.

The different parameters used to assess vascular structure and function are related to the
risk of cardiovascular morbidity and mortality. Similarly, ultrasound examination of the carot-
id arteries with the measurement of intima media thickness (IMT) or the presence of plaques
has been shown to predict the occurrence of both stroke and myocardial infarction, indepen-
dently of traditional CV risk factors [13,14]. The pulse wave velocity (PWV) has been associat-
ed with increased morbidity-mortality in both patients with cardiovascular disease and in
healthy individuals [15,16]. The central augmentation index (CAIx) is an independent predic-
tor of all-cause and CV mortality [17]. The Cardio-Ankle vascular index (CAVI) is also used to
evaluate arterial stiffness and can be used to estimate the risk of atherosclerosis. This parameter
is independent of arterial pressure at measuring time [18,19].

The association between leukocyte subtype counts and vascular structure and function in
patients with intermediate risk has not been determined.

Moreover, there are differences in the measures used to assess the arterial stiffness according
to gender [20], and discrepancies in the behavior of different measures are currently not
completely resolved [21].

In patients with intermediate risk, it is important to analyze new cardiovascular risk factors
and the association between them for personalized risk stratification [22].

Currently, many studies that analyze new techniques or biomarkers to improve risk estima-
tion based on scales have focused on the population with intermediate cardiovascular risk
[3,23,24].

Therefore, we investigated the relationship between leukocyte subtype counts and vascular
structure and function based on carotid intima-media thickness, pulse wave velocity, central
augmentation index and cardio-ankle vascular index in intermediate risk patients.
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Methods
Study Design

This is a cross-sectional study to evaluate if ankle-brachial index (ABI), measures of arterial
stiffness (CAVI), postprandial glucose, glycosylated hemoglobin, self-measured blood pressure
and presence of comorbidity are independently associated to incidence of vascular events and
whether they can improve the predictive capacity of current risk equations in the intermediate
risk population. The second step will be a following of 5 and 10 years to evaluate cardiovascular
morbidity and mortality. This study analyzed 500 subjects who were included at the baseline of
MARK study (NCT01428934) [25].

Study Population

The population comprised individuals aged between 35 to 74 years who had intermediate car-
diovascular risk, which was defined as coronary risk between 5% -15% at 10 years according to
the Framingham adapted risk equation (REGICOR) [26] or vascular mortality risk between
2-5% at 10 years according to the SCORE equation [27]. The exclusion criteria were terminal
illness, institutionalization at the appointment time, or a personal history of atherosclerotic dis-
ease. Sample selection was done with a random sample from the population aged 35 to 74
(both included) who had an intermediate cardiovascular risk. Recruitment and data collection
for the study were carried out from July 2011to June 2013. A sample-size calculation indicated
that the 500 patients included in the study constituted a sufficient sample for detecting a corre-
lation coefficient of 0.125 between leukocyte subtype counts and IMT in a two sided test, with
a level of significance of 95% (alfa risk 0.05) and a power of 80% (beta risk 0.20). We have used
the EPIDAT 4.0 software to perform this estimation. The study was approved by an indepen-
dent ethics committee of Salamanca University Hospital (Spain), and all participants gave writ-
ten informed consent according to the general recommendations of the Declaration of
Helsinki [28].

Measurements

A detailed description has been published elsewhere regarding how the clinical data, anthropo-
metric measurements, and analytical parameters were obtained [25].

Laboratory determinations

Venous blood sampling was performed between 08:00 and 09:00 after the individuals had
fasted and abstained from smoking and the consumption of alcohol and caffeinated beverages
for the previous 12 hours. Fasting plasma glucose, serum total cholesterol and high-density li-
poprotein (HDL) cholesterol concentrations were measured using standard enzymatic auto-
mated methods. Low-density lipoprotein (LDL) cholesterol was estimated by the Friedewald
equation when the direct parameter was not available. Non-HDL cholesterol was estimated by
the equation (Non-HDL Cholesterol = Total Cholesterol- HDL Cholesterol). Blood samples
were collected in the Alamedilla Health Center and analyzed at the hospital of Salamanca,
which was approved by the external quality assurance programs of the Spanish Society of Clini-
cal Chemistry and Molecular Pathology.

Office blood pressure

Office blood pressure (BP) was calculated as the average of the last two of three measurements
of systolic blood pressure (SBP) and diastolic blood pressure (DBP) made with a validated
sphygmomanometer (OMRON Model M10-IT). Measurements were made on the dominant
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arm of participants in the seated position after at least 5 minutes of rest, with a cuff of appropri-
ate size as determined by measurement of the upper arm circumference and following the rec-
ommendations of the European Society of Hypertension [29].

Central augmentation index (CAIx)

This parameter was estimated using an oscillometric Mobil-O-Graph (Stolberg, Germany)
[30]. The device was validated according to British Hypertension Society [31] and European
Society of Hypertension [32] recommendations. The measurements of central systolic blood
pressure (cSBP) and peripheral systolic blood pressure (pSBP) were also taken on the dominant
arm. Arm circumferences were measured and recorded to allow the correct choice of cuff size
(two sizes available: 24-34 and 32-42 cm). With a conventional cuff, the determination of the
cSBP is based on an oscillometric BP measurement and uses the pulse waves assessed at the
brachial artery. After the estimation of peripheral BPs, the cuff instantly reinflates, and record-
ings for cSBP are carried out at diastolic pressure levels for 10 sec [33,34]. From the morpholo-
gy of the aortic wave, CAIx was estimated using the following formula: increase in central
pressure x100/pulse pressure. The value was adjusted to a heart rate of 75 by the Mobil-
O-Graph device.

Cardio Ankle Vascular Index (CAVI) and brachial ankle Pulse Wave
Velocity (ba-PWV)

CAVI was measured using a Vasera VS-1500 device (Fukuda Denshi) and ba-PWV estimated
by validate equation. The ba-PWV and CAVI were calculated to give a more accurate calcula-
tion of the degree of atherosclerosis. CAVT integrates cardiovascular elasticity derived from the
aorta to the ankle pulse velocity through an oscillometric method. Takaki et al. [35] provided
the evidence for the validity of CAVI by showing a positive correlation between the stiffness pa-
rameter B of the aorta and CAVI (r = 0.67, p <0.01). The measurement of CAVI not affected
by the increase in BP during measurement [18,19,36,37], CAVI values were automatically cal-
culated by substituting the stiffness parameter B in the following equation to detect the vascular
elasticity and the cardio-ankle PWV: Stiffness parameter f§ = 2p x 1/ (Ps-Pd) x In (Ps/Pd) x
PWV?, where p is the blood density, Ps and Pd are SBP and DBP in mmHg, and PWYV is mea-
sured between the aortic valve and ankle. The average coefficient of variation of the CAVI is
less than 5%, which is small enough for clinical use and confirms that CAVT has favorable re-
producibility [18,38]. CAVI was measured at rest. CAVI was classified as normal (CAVI < 8),
borderline (CAVI > 8 and < 9) and abnormal (CAVI > 9). Abnormal CAVT represents sub-
clinical atherosclerosis. ba-PWV > 17.5 m/sec was considered abnormal [39,40]. For the study,
the higher obtained CAVI and ba-PWV were considered.

Assessment of vascular structure by carotid intima media thickness
(IMT)

Carotid ultrasound was performed to assess carotid IMT by two investigators trained for this
purpose before starting the study. The reliability of the recordings was evaluated before the
study using the intra-class correlation coefficient, which showed values of 0.97 (95% CI: 0.94 to
0.99) for intra-observer agreement in repeated measurements of 20 subjects, and 0.90 (95% CI:
0.74 to 0.96) for inter-observer agreement. According to the Bland-Altman analysis, the mean
difference for inter-observer agreement (95% limits of agreement) was 0.01 (-0.03 to 0.06). A
Sonosite Micromax ultrasound device paired with a 5-10 MHz multi-frequency high-
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resolution linear transducer with Sonocal software was used for performing automatic mea-
surements of IMT in order to optimize reproducibility.

Measurements were made of the common carotid after the examination of a 10 mm longitu-
dinal section at a distance of 1 cm from the bifurcation, performing measurements in the ante-
rior and in the posterior wall, in the lateral, anterior and posterior projections, following an
axis perpendicular to the artery to discriminate two lines: one for the intima-blood interface
and the other for the media-adventitious interface. A total of 6 measurements of the right ca-
rotid were obtained, with another 6 measurements of the left carotid, using average values (av-
erage mean IMT and average maximum IMT) automatically calculated by the software [41].
The measurements were obtained with the subject lying down, with the head extended and
slightly turned opposite to the examined carotid artery. Average mean IMT was considered ab-
normal if > 0.90 mm or if there were atherosclerotic plaques with a diameter of 1.5 mm or a
focal increase of 0.5 mm or 50% of the adjacent IMT [42].

Anthropometric measurements

Body weight was determined on two occasions using a homologated electronic scale (Seca 770)
following calibration (precision * 0.1 kg), with the patient wearing light clothing and no shoes.
Height in turn was measured with a portable system (Seca 222), recording the average of two
readings. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m?).
A value of > 30 kg/m” was taken to define obesity. The individuals performing the different
tests were blinded to the clinical data of the patient. All assessments were made within a period
of 10 days.

Statistical Analysis

Continuous variables were expressed as the mean + standard deviation for normally distribut-
ed continuous data, the median (interquartile range, IQR) for asymmetrically distributed con-
tinuous data, and the frequency distribution for categorical data. Statistical normality was
tested using the Kolmogorov-Smirnov test. A Spearman’s correlation was used to analyze the
relationship between asymmetrically distributed continuous data. The difference of means be-
tween two categories of quantitative variables for asymmetrically distributed continuous data
was analyzed using the Mann-Whitney U test. The difference of means between more than two
categories of quantitative variables for symmetrically distributed continuous data was analyzed
using the Anova test. We performed multiple linear regression analyses, one for each of the de-
pendent variables, with IMT mean (x 100) and CAIx (x 10) to facilitate interpretation, ba-
PWYV and CAVT as dependent variables and total leukocyte count (/mm?), monocyte count
(/mm”*), neutrophil count (/mm?) and lymphocyte count (/mm?) as independent variables. We
adjusted by age, systolic blood pressure, non-HDL cholesterol, fasting glucose, body mass
index, number of cigarettes smoked, and antihypertensive, lipid-lowering and antidiabetic
drugs. Comparisons between three or more groups were performed using ANOVA and differ-
ences between groups were assessed using DMS post hoc test. The data were analyzed using the
Statistical Package for the Social Sciences version 20.0 (SPSS, Chicago, IL, USA). A value of
p<0.05 was considered statistically significant.

Results

The characteristics of the study subjects, global and by gender, are shown in Table 1. The mean
age was 60.3 * 8.4 years, and 45.6% of the subjects were women. IMT and PWV had higher val-
ues in men, and CAIx was higher in women (p<0.01). The total leukocyte, monocyte and neu-
trophil counts were higher in men.
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Table 1. Baseline demographic and clinical characteristics of patients.

Global n = 500 Women N = 228 Men N = 272 p-value
Age (years) 60.3+8.4 61.9+8.0 58.9+8.5 <0.001
Smoking n (%) 117 (23.4) 46 (39.3) 71(60.7) 0.138
Body mass index (kg/m?) 27.8 (25.3-30.3) 27.5 (24.9-30.7) 27.9 (25.9-30.1) 0.254
Obesity n (%) 137 (27.4) 68 (49.6) 69 (50.4) 0.270
Office SBP (mmHg) 133.91£16.6 130.9+17.0 136.31£15.9 <0.001
Office DBP (mmHg) 81.3+10.7 79.3+11.2 82.9+£10.1 <0.001
Heart Rate (beats/min) 69 (63-77) 70 (65-78) 67 (61-76) 0.004
Hypertension n (%) 401 (80.2) 175(43.6) 226 (56.4) 0.091
Antihypertensive Drugs n (%) 266 (53.2) 120 (45.1) 146 (54.9) 0.857
Fasting glucose (mg/dL) 89 (82—99) 88 (82-98) 90 (82—-100) 0.226
Diabetes n (%) 138 (27.6) 51 (37.0) 87 (63.0) 0.021
Antidiabetic drugs n (%) 82 (16.4) 30 (36.6) 52 (63.4) 0.089
Total cholesterol (mg/dL) 216.2+38.5 221.1+36.8 212.1+39.3 0.009
LDL-cholesterol (mg/dL) 135.1£34.3 136.1+£33.4 134.9+£35.2 0.850
HDL-cholesterol (mg/dL) 53.5 (44.7-63.9) 59.9 (51.2-69.5) 49.0 (41.5-56.9) <0.001
Non-HDL cholesterol (mg/dL) 80.4+14.0 84.3+13.3 77.1x13.8 <0.001
Dyslipidemia n (%) 418 (83.6) 197 (47.1) 221 (52.9) 0.146
Lipid lowering drugs n (%) 185 (37.0) 86 (37.7) 99 (36.4) 0.781
Total leukocyte count *10° (/mm?®) 6.8 (5.7-8.1) 6.4 (5.4-7.6) 7.1 (6.1-8.3) <0.001
Monocyte count ¥10% (/mm?®) 0.5 (0.5-0.7) 0.5 (0.4-0.6) 0.6 (0.5-0.7) <0.001
Neutrophil count *10° (/mm?) 3.5 (2.9-4.3) 3.3 (2.6-4.1) 3.7 (3.0-4.5) <0.001
Lymphocyte count *10° (/mm?®) 2.4 (2.0-2.9) 2.4 (2.0-2.8) 2.4 (1.9-3.0) 0.472
IMT mean (mm) 0.74+0.09 0.72+0.08 0.75+0.10 <0.001
TOD carotid n (%) 85 (17.1) 86 (46.5) 99 (53.5) 0.781
CAlx (%) 26.78+13.80 31.39+138.72 22.68+12.66 <0.001
ba-PWV (m/sec) 14.16 (12.69-16.19) 14.74 (12.83-16.46) 13.86(12.55-15.99) 0.009
ba-PWV > 17.5 n (%) 65 (13.1) 35 (53.8) 30 (46.2) 0.142
CAVI 8.59+1.10 8.55+1.03 8.63+1.16 0.449
CAVI > 9 n (%) 155 (31.3) 46 (39.3) 71 (60.7) 0.138

Values are means (standard deviations (SD)) for normally distributed continuous data and medians (interquartile range (IQR)) for asymmetrically

distributed continuous data and number and proportions for categorical data. SBP: Systolic Blood Pressure. DBP: Diastolic Blood Pressure. HDL: High
Density Lipoprotein. Non HDL-Colesterol = Total Cholesterol—LDL-Cholesterol. LDL: Low Density Lipoprotein. IMT: Intima Media Thickness of common
carotid artery. TOD: Target Organ Damage. CAlx: Central Augmentation Index corrected for heart rate. ba-PWV: Brachial Ankle Pulse Wave Velocity.

CAVI: Cardio-Ankle Vascular Index.

doi:10.1371/journal.pone.0119963.t001

Table 2 shows the values of the total leukocyte, monocyte, neutrophil and lymphocyte
counts according to the target organ damage of IMT, ba-PWV and CAVI. There was a greater
total leukocyte count and in all series in subjects with pathologic IMT.

Fig. 1 shows the values of the IMT by neutrophil count tertiles and the CAIx by monocyte

count tertiles.

The total leukocyte, neutrophil and monocyte counts were positively correlated with mean
average IMT (p<0.01) in men. The monocyte count was positively correlated with CAlIx in
women (r = 0.212; p<0.01) (Table 3). Simple linear regressions in Fig. 2.

A multiple linear regression analysis by gender was carried out (Table 4). After adjusting for
age, systolic blood pressure, non-HDL cholesterol, fasting glucose, body mass index, number of

cigarettes smoked, antihypertensive drugs, lipid-lowering drugs and antidiabetic drugs, the
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Table 2. Leukocyte subtypes counts according parameters of vascular structure and function.

TOD carotid With TOD Without TOD p value
Total leukocyte count *10% (/mm?3) 7.3 (6.2-8.6) 6.7 (5.6-7.9) 0.002
Monocyte count *10° (/mm?) 0.6 (0.5-0.7) 0.5 (0.4-0.6) 0.006
Neutrophil count *10° (/mm°) 3.7 (3.1-4.9) 3.5 (2.9-4.3) 0.005
Lymphocyte count (/mm?®) 2.6 (2.1-3.2) 2.4 (2.0-2.9) 0.059
ba-PWV > 17.5 m/sec

Total leukocyte count *10% (/mm?3) 6.9 (5.9-7.7) 6.7 (5.6-8.1) 0.711
Monocyte count *10° (/mm?%) 0.5 (0.4-0.6) 0.5 (0.5-0.7) 0.700
Neutrophil count*103(/mm?3) 3.6 (2.9-4.4) 3.5 (2.9-4.3) 0.881
Lymphocyte count*10%(/mm?®) 2.5 (2.1-3.2) 2.4 (2.0-2.9) 0.219
CAVI>9

Total leukocyte count *10% (/mm?3) 6.7 (5.6-7.7) 6.8 (5.7-8.3) 0.291
Monocyte count *10° (/mm?) 0.5 (0.4-0.6) 0.5 (0.5-0.7) 0.922
Neutrophil count*103(/mm?®) 3.4 (2.9-4.2) 3.6 (2.9-4.4) 0.188
Lymphocyte count*10%(/mm?q) 2.4 (2.0-2.9) 2.4 (2.0-2.9) 0.993

Values are medians (interquartile range (IQR)). TOD: Target Organ Damage. ba-PWV: Brachial Ankle
Pulse Wave Velocity. CAVI: Cardio-Ankle Vascular Index. TOD carotid: Intima Media Thickness (IMT) >
0.90 mm or plaques with a diameter of 1.5 mm or a focal increase of 0.5 mm or 50% of the adjacent IMT

doi:10.1371/journal.pone.0119963.t002

mean IMT maintained a positive association with the neutrophil count (8 = 1.500; p = 0.007)
in men. CAIx maintained a positive association with the monocyte count (8 = 2.445; p = 0.022)
in women.

Discussion

The results of this study suggest that the relationship between subtype circulating leukocyte
counts and vascular structure and function, although small, may be different by gender. The
monocyte count was positively association with CAIx in women, and the neutrophil count was
with IMT in men in a large sample of intermediate cardiovascular risk patients.

Several studies have demonstrated that neutrophils have an important role in the athero-
sclerosis development in the general population [10,43] and in men [7]. The monocytes are
correlated with the IMT in healthy subjects [5,11] and in Japanese subjects with type 2 diabetes
[4].

The results of this study are consistent with those previously disclosed and add new infor-
mation. According to our results, this correlation is observed only in men, and suggest that the
role of neutrophils may be more important than monocytes when IMT is increased in men
with mid-level cardiovascular risk. Our results support the paper published by Li et al. [44],
who found a relation only in men between a high number of leucocytes and a high incidence
rate of cardio vascular diseases, but not with stroke. In summary, the leukocytes seem to have
an independent role in early arterial damage and they may reflect subclinical disease in men.

As far as we know, this is the first study that describes a positive association between mono-
cytes and CAIx in women. The assessment of CAIx is a simple approach to quantify the role of
wave reflection in determining an elevation of central blood pressure values [16,45]. This rela-
tionship between CAIx and monocytes in women opens new lines of research.

The differences found between the two genders may be due to several factors. First, IMT is
higher in men, while CAIx is higher in women. The influence of sex steroids on vascular func-
tion has been demonstrated in association with hormonal changes throughout the lifespan
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Fig 1. Mean IMT values according to the neutrophil count tertiles in men; Neutrophil count tertiles:

T1 < 3000/mm?®; T2 3000 to 4000/mm?; T3 > 4000/mm?. CAlx in women values according to the monocyte
count tertiles. Monocyte/count tertiles: 1° Tertile < 500 /mm?, 2° Tertile 500 to 600/mm?, 3° Tertile > 600 /mm?.
ANOVA Test: Carotid intima media thickness by neutrophil count tertiles in men: p = 0.035; CAlx by monocyte
count tertiles in women: p = 0.042.

doi:10.1371/journal.pone.0119963.9001

(puberty in both genders and menopause in females) [20,46]. Furthermore, anthropometric
factors such as distribution of body fat [47], height, and aortic length are different between
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Table 3. Bivariate correlations of vascular structure and function indices with leukocyte subtype counts.

Total leukocyte count (/mm?®) Monocyte count (/mm?®) Neutrophil count (/mm?) Lymphocyte count (/mm?®)
IMT mean:
Gilobal 0.104* 0.128** 0.103* 0.089*
Men 0.167** 0.152* 0.170%** 0.093
Women -0.010 0.015 -0.019 0.086
CAlx
Global 0.027 0.017 -0.007 0.076
Men 0.062 0.030 0.037 0.070
Women 0.116 0.212%* 0.048 0.127
ba-PWV:
Gilobal 0.039 -0.019 0.045 0.069
Men 0.081 0.067 0.078 0.086
Women 0.035 -0.053 0.055 0.056
CAVI
Gilobal -0.049 -0.012 -0.058 0.014
Men -0.056 0.012 -0.053 -0.019
Women —0.041 —-0.050 -0.067 0.052

IMT: Intima Media Thickness of common carotid artery. CAlx: Central Augmentation Index corrected for heart rate. ba-PWV: Brachial Ankle Pulse Wave
Velocity. CAVI: Cardio-Ankle Vascular Index.

p-values by Spearman correlation.

* p<0.05

** p<0.01.

doi:10.1371/journal.pone.0119963.t003

men and women [20,48,49]. Finally, the role of inflammatory components in the development
of atherosclerosis is likely to differ according to gender. Thus, in a study conducted by our
group in hypertensive patients, we found that hs-CRP has a positive association with IMT in
men and a negative association with CAIx in women [50]. This result suggests that gender dif-
ferences in cardiovascular outcomes may be mediated in part via gender differences in artery
wall properties throughout life and that further understanding may lead to improved strategies
for the prevention of cardiovascular diseases in both women and men.

The relation between the ba-PWV with the leukocyte subtype counts is not clear. In the same
line as our results, Kavousiet al. [4] found that ba-PWV was not correlated with monocyte count,
whereas Phillips et al. [11] found that leukocyte count (B = 0.07; p < 0.001) and granulocyte
number (B = 0.07; p < 0.001) were significantly positively related to ba-PWV in a Chinese popu-
lation, but not lymphocyte number. Bearing in mind these opposite results, it is considered as
necessary to carry out more prospective studies in order to elucidate the association between ba-
PWYV and leukocyte subtype counts and the differences that could be observed in each gender.

The only study that has been found that analyzed the relationship between subtype circulat-
ing leukocyte counts with CAVT in 3738 Japanese people in the general population showed
that the leukocyte counts weakly correlated with CAVI in men (§ = 0.61; p = 0.043), but not in
women (B = 0.35; p = 0.17) [51]. Our study has not shown any correlation between the leuko-
cyte counts or their subtypes with the CAVI in neither men nor women.

Limitations

This study has several limitations what should be considered in the interpretation of our re-
sults. Because this was a cross-sectional, observational study, which prevented us from
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Fig 2. IMT regression line with Neutrophil count: Women: (r =-0.019, p = 0.781); Men: (r = 0.170, p = 0.005); CAlx regression line with monocyte
count: Women: (r =0.212, p = 0.001); Men: r = 0.030, p = 0.629).

doi:10.1371/journal.pone.0119963.9002
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Table 4. Multiple Regression Analysis with vascular structure and function parameters as dependent variable and leukocyte subtype counts as in-

dependent variable.

Dependent variable: Men Women

B Cl 95% p value B Cl 95% p value
IMT mean
Total leukocyte count (/mm3) 0.721 0.002 to1.439 0.049 0.234 -0.590 to 1.058 0.574
Monocyte count (/mm?) 2.281 -4.713t0 9.274 0.521 7.007 -3.887 to 17.901 0.204
Neutrophil count (/mm?) 1.500 0.409 to 2.592 0.007 0.247 -1.049 to 1.543 0.705
Lymphocyte count (/mm?) 0.225 -1.369to 1.818 0.781 0.651 -1.942 to 3.243 0.619
CAlx
Total leukocyte count (/mm3) 0.081 -0.023to 0.185 0.128 0.028 -0.133t0 0.190 0.726
Monocyte count (/mm3) 0.225 -0.785t0 1.237 0.660 2.445 0.359 to 4.530 0.022
Neutrophil count (/mm3) 0.076 -0.085to 0.237 0.355 -0.014 -0.268 to 0.240 0,912
Lymphocyte count (/mm3) 0.223 -0.004to0 0.450 0.055 -0.029 -0.539 t0 0.479 0.908
ba-PWV
Total leukocyte count (/mm3) 0.130 -0.082to 0.342 0.229 -0.016 -0.2131t00.180 0.869
Monocyte count (/mm3) 0.955 -1.091to 3.002 0.358 -1.346 -3.950 to 1.257 0.306
Neutrophil count (/mm3) 0.169 -0.156to 0.494 0.308 -0.002 -0.310 to 0.307 0.991
Lymphocyte count (/mm3) 0.288 -0.176to 0.753 0.222 0.352 -0.261 to 0.964 0.257
CAVI
Total leukocyte count (/mm3) 0.025 -0.050to 0.101 0.508 -0.047 -0.143 t0 0.49 0.335
Monocyte count (/mm3) 0.036 -0.693to 0.765 0.922 -1.009 -2.276 t0 0.257 0.117
Neutrophil count (/mm3) 0.019 -0.097t0 0.135 0.745 -0.060 -0.211 to 0.091 0.428
Lymphocyte count (/mm3) 0.103 -0.063to 0.268 0.222 0.143 -0.159 to 0.444 0.349

Dependent variables: IMT mean: Intima Media thickness of common carotid artery. CAlx: Central Augmentation Index corrected for heart rate. ba-PWV:
Brachial ankle Pulse Wave Velocity. CAVI: Cardio-Ankle Vascular Index. Indepedent variables: Total leukocyte count. Monocyte count. Neutrophil count.
Lymphocyte count. Adjusted by: Age, systolic blood pressure, Non-high density lipoprotein, fasting glucose, body mass index, number of cigarettes,
antihypertensive drugs, lipid lowering drugs and antidiabetic drugs.

doi:10.1371/journal.pone.0119963.t004

establishing a temporal relationship between the circulating leukocyte subtype counts and the
different parameters used to assess vascular function and structure and not allow us to establish
a causal relationship. Some subjects were on treatment with antihypertensive or lipid lowering
drugs, which might have affected the arterial stiffness measures. However, we adjusted for anti-
hypertensive, lipid lowering and antidiabetic drugs. Finally, the correlations were small and
need to be confirmed in longitudinal studios the clinical importance of them. However, this is
the first study to examine the relationship between the circulating leukocyte subtype counts
and different vascular structure and function parameters in intermediate-risk patients.

Conclusions

The results of this study suggest that the relationship between subtype circulating leukocyte
counts and vascular structure and function, although small, may be different by gender. In
men, the neutrophil count was positively correlated with IMT and in women, the monocyte
count with CAIx, in a large sample of intermediate-risk patients. These association were main-
tained after adjusting for age and other confounders.

Further research involving prospective studies are required to define the role of these leuko-
cyte subtype counts in the vascular structure and function. In addition, possible gender-specific
roles of leukocyte subtype counts remain to be elucidated.
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