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nisms.7 Therefore, chronic inflammation may serve as an un-
derlying mechanism for endothelial dysfunction.8

Leukocyte count is a common blood test in clinical practice. 
High leukocyte count may reflect a chronic inflammatory state 
and may contribute directly to atherosclerosis through specific 
mechanisms.9 In prior decades, a number of studies investi-
gated the value of leukocyte count and subtypes for the pre-
diction of CV risk, independent of traditional risk factors, in 
participants with high CV risk or in the secondary prevention 
setting.10–12 There have been no studies, however, that have 
directly explored the effect of leukocyte count on vascular func-
tion in low-risk subjects.

The purpose of this study was to investigate the relationship 
between leukocyte count and vascular dysfunction, a surrogate 
of early atherosclerosis, in individuals with low CV risk.

therosclerosis is the primary cause of mortality and mor-
bidity in cardiovascular (CV) disease.1 A large body 
of evidence has highlighted the key role of systemic 

low-grade inflammation in all phases of atherosclerosis, and 
raised levels of inflammatory markers have been associated 
with poor outcome.2–4

Endothelial dysfunction, characterized by decreased nitric 
oxide bioavailability, is the earliest detectable functional dis-
turbance in the natural history of atherosclerosis.5 In the last 
decade, evidence has been accumulating to support the hypoth-
esis that the presence of endothelial dysfunction represents a 
major promoter for atherosclerosis and thrombosis, and is an 
independent predictor for future CV events in several types of 
patients.6 Importantly, elevated levels of inflammatory mark-
ers are associated with reduced basal and stimulated nitric oxide 
release from arterial endothelial cells through various mecha-
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ingham risk (10-year hard coronary artery disease risk <10%) were identified. Vascular function was measured by 

assessing reactive hyperemia-induced vasodilation (reactive hyperemia index, RHI). In 105 individuals with vascular 

dysfunction (29.4%), the median leukocyte count was significantly higher than in those with normal RHI (6.4×109/L 

vs. 6.0×109/L; P=0.04). The neutrophil count was the strongest predictor of impaired vascular function among leu-

kocyte subtypes (odds ratio [OR], 2.70; 95% confidence interval [CI]: 1.58–4.60, P<0.001). In a multivariate logistic 
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(OR, 1.05; 95% CI: 1.01–1.09; P=0.009) and systolic blood pressure (OR, 0.97; 95% CI: 0.97–0.99; P<0.001) were 

independently predictive for vascular dysfunction.

Conclusions: The highest quintile of leukocyte count is independently associated with vascular dysfunction in in-

dividuals with low CV risk. This suggests that subclinical inflammation affects vascular function. Leukocyte count 

may be useful for personalized risk stratification.  (Circ J 2013; 77: 780 – 785)
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BP≥140/90 mmHg or treatment with anti-hypertensive medi-
cations; (2) diabetes mellitus, fasting blood glucose level 
≥126 mg/dl and/or treatment with insulin or oral hypoglyce-
mic agents; (3) family history, presence of coronary artery 
disease in first-degree relatives <55 years of age (male) or <65 
years of age (female); (4) hyperlipidemia, serum LDL-C 
≥160 mg/dl or treatment with lipid-lowering drugs; and (5) 
cigarette smoking, current smoking or smoking cessation <1 
year.

The CV risk was assessed using FRS13 and only individuals 
with low risk (10-year hard coronary artery disease risk <10%) 
were enrolled. Metabolic syndrome was defined according to 
the recent international statement.14

Measurement of Peripheral Vascular Function
Patients were instructed to start fasting at least 12 h before 
measurement and to refrain from smoking and strenuous ex-
ercise during that time period. All vasoactive medications were 
discontinued at least 24 h prior to testing. Peripheral arterial 
tonometry (PAT) signals were obtained using the EndoPAT 
2000 device (Itamar Medical, Caesarea, Israel).

A PAT finger probe was placed on each index finger. Pul-
satile volume changes of the distal digit induced pressure al-
terations in the finger cuff, which were sensed by pressure 
transducers and transmitted to and recorded by the EndoPAT 
2000 device. Vascular function was measured via a reactive 
hyperemia (RH) PAT index (RHI) as previously described.15 
The ratio of the PAT signal after cuff release compared with 
baseline was calculated through a computer algorithm auto-
matically normalizing for baseline signal and indexed to the 

Methods

Subjects
In this cross-sectional study, we identified patients who un-
derwent assessment of vascular function at the Mayo Clinic 
in Rochester. Only patients with low Framingham risk 
(Framingham risk score, FRS; 10-year hard coronary artery 
disease risk <10%) were included. Exclusion criteria were dia-
betes, documented CV disease (coronary artery disease, cere-
bral vascular disease and peripheral arterial disease), uncon-
trolled hypertension, heart failure, pregnancy, and inflammatory 
disorders. This study was approved by the Mayo Clinic Insti-
tutional Review Board.

Demographic, Clinical and Laboratory Characteristics
Demographic characteristics (age, sex, ethnicity), CV risk 
factors and history of CV disease were recorded in all patients. 
Measurements related to CV risk included resting arterial blood 
pressure (BP), heart rate, body mass index (BMI), lipid profile 
including total, high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C) and triglyceride, 
fasting blood glucose and serum creatinine. Total and differ-
ential leukocyte counts were assessed using the standard Coul-
ter counter technique (Coulter LH 700; Beckman Coulter, 
Miami, FL, USA). Blood samples were obtained from indi-
viduals in the fasting state after measurements of vascular 
function.

Risk Factors and Risk Stratification
The risk factors were defined as: (1) hypertension, resting 

Table 1. Subject Characteristics

Endothelial  
dysfunction (n=105)

Normal vascular  
function (n=252)

P-value

Age (years)   45.3±14.3   48.5±13.3 0.04

Sex (male) 31 (29.5) 74 (29.4) 0.98

Ethnicity (Caucasian) 98 (93.3) 232 (92.1)　　 0.67

Hypertension 23 (21.9) 87 (34.5) 0.01

Smoking 8 (7.6) 10 (4.0)　　 0.15

Menopausal women 136 (31.4)　　 103 (40.9)　　 0.09

Metabolic syndrome 32 (30.5) 56 (22.2) 0.09

SBP (mmHg) 115.9±14.5 121.4±15.3 0.01

DBP (mmHg) 72.2±9.6   74.7±10.4 0.03

BMI (kg/m2) 28.6±6.0 27.0±5.6 0.02

Medications

  Aspirin 36 (34.3) 101 (40.1)　　 0.31

  RAAS inhibitor 14 (13.3) 34 (13.5) 0.97

  β-blocker 21 (20.0) 50 (19.8) 0.97

  CCB 16 (15.2) 32 (12.7) 0.52

  Statins 26 (24.8) 62 (24.6) 0.96

Glucose (mg/dl)   96.6±11.3   95.7±10.7 0.56

TCH (mg/dl) 192.1±44.7 198.9±40.7 0.16

TG (mg/dl) 122.2±87.2 120.6±74.8 0.86

HDL-C (mg/dl)   54.0±18.2   58.7±16.6 0.02

LDL-C (mg/dl) 115.0±39.2 116.8±36.6 0.71

Creatinine (mg/dl)   0.9±0.2   0.9±0.2 0.69

Framingham risk (%)   2.2±1.9   2.5±2.1 0.18

Data given as mean ± SD or n (%).
BMI, body mass index; CCB, calcium channel blocker; DBP, diastolic blood pressure; HDL-C, serum high-density 
lipoprotein cholesterol; LDL-C, serum low-density lipoprotein cholesterol; RAAS, renin-angiotensin-aldosterone 
system; SBP, systolic blood pressure; TCH, serum total cholesterol; TG, serum triglycerides.
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SBP, total cholesterol, HDL-C and the highest quintile of the 
leukocyte count were included. In model D, age, gender, BMI, 
current smoking, SBP, total cholesterol, HDL-C and the high-
est quintile of the neutrophil count were included. We report 
the odds ratio (OR) and their confidence intervals (CI). Vari-
ables with a high level of association were not included in the 
same model. JMP 8.0 (SAS Institute, Cary, NC, USA) was 
used for statistical analysis.

Results

Demographic, Clinical and Laboratory Characteristics
A total of 357 patients were eligible for analysis. Among them, 
259 (72.5%) were outpatients at a preventive cardiology clin-
ic, 78 (21.9%) were healthy volunteers, and 20 (5.6%) were 
outpatients at an internal medicine clinic. Of them, 105 (29.4%) 
had endothelial dysfunction (RHI ≤1.67). The demographic, 
clinical and laboratory characteristics are listed in Table 1. 
Compared to patients with normal vascular function, fewer 
patients with vascular dysfunction had hypertension (21.9% 
vs. 34.5%, P=0.01); they were more overweight (BMI 28.6± 

6.0 kg/m2 vs. 27.0±5.6 kg/m2, P=0.02); were younger (age 
45.3±14.3 years vs. 48.5±13.3 years (P=0.04); had lower SBP 
(115.9±14.5 mmHg vs. 121.4±15.3 mmHg, P=0.01); and had 
lower HDL-C (54.0±18.2 mg/dl vs. 58.7±16.6 mg/dl, P=0.02). 
Ten-year Framingham risk was not significantly different be-
tween the 2 groups (2.2±1.9 and 2.5±2.1, P=0.18).

Leukocyte Count and Vascular Dysfunction
In the overall patients, the median (20th–80th percentile) of 
leukocyte count, neutrophil, monocyte and lymphocyte count 
were as follows: 6.1 (4.9–7.4) 109/L, 3.5 (2.6–4.6) 109/L, 0.46 

contralateral arm. The calculated ratio (RHI) is a validated 
measure of vascular function, with higher RHI correlating with 
better vascular function. RHI ≤1.67 is generally used as a cut-
off point for endothelial dysfunction.

The RH-PAT data were collected and analyzed on com-
puter in an operator-independent manner. Determination of 
reproducibility of RH-PAT measurements has been described 
previously.16

Statistical Analysis
The normality of all distributions was assessed using 
Kolmogorov-Smirnov test. Data are presented as mean ± SD 
or median for continuous variables and frequencies, group 
percentages for discrete variables. Because leukocyte count 
and differential count were non-normally distributed, these 
variables are presented as geometric mean with 20th and 80th 
percentile ranks and are further categorized into quintiles. The 
highest quintile is defined as above the 80th percentile of the 
variable (quintile 5; Q5). Two-sample t-tests or rank-sum tests 
were used to test group differences in continuous variables; 
the Pearson chi-squared test was used for discrete variables. 
All tests were 2-tailed and P<0.05 was considered significant. 
Spearman correlation tests were used to analyze bivariate as-
sociations between changes in RHI and changes in other vari-
ables. Four multivariate logistic regression models were used 
to identify independent determinants of endothelial dysfunc-
tion. In model A, age, gender, BMI, current smoking, systolic 
BP (SBP), total cholesterol, HDL-C, and the leukocyte count 
(as a continuous variable) were included. In model B, age, 
gender, BMI, current smoking, SBP, total cholesterol, HDL-
C, and the neutrophil count (as a continuous variable) were 
included. In model C, age, gender, BMI, current smoking, 

Table 2. Blood Cell Counts

Blood cell count median  
(20th–80th percentiles)

Endothelial  
dysfunction (n=105)

Normal vascular  
function (n=252)

P-value

Leukocyte (109/L) 6.4 (4.9–8.1) 6.0 (4.9–7.1) 0.04

Neutrophil (109/L) 3.6 (2.7–5.2) 3.4 (2.6–4.4) 0.02

Monocyte (109/L) 0.48 (0.38–0.61) 0.46 (0.37–0.58) 0.29

Lymphocyte (109/L) 1.7 (1.3–2.3) 1.9 (1.4–2.3) 0.24

Erythrocyte (1012/L) 4. 5 (4.2–5.0) 4.5 (4.2–4.9) 0.65

Hemoglobin (g/L) 13.7 (12.7–14.7) 13.7 (12.8–14.8) 0.85

Platelet (109/L) 243.0 (195.6–287) 248.0 (204.0–293.8) 0.70

Figure 1.  Univariate model for the influence 
of the highest quintile of leukocyte count and 
subtypes on vascular dysfunction. (●) Odds 
ratio (OR); (––) 95% confidence interval (CI). 
The highest quintile of leukocyte count and 
neutrophil count were positively associated 
with vascular dysfunction. The neutrophil count 
had the strongest predictive value.
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and the initiation of atherosclerosis.18,19 CV risk factors may 
trigger a chronic inflammatory process that is accompanied by 
endothelial dysfunction.20,21 Leukocytes and leukocyte sub-
types are not only inflammatory markers, but also play impor-
tant roles in inflammation due to their effects or functions that 
collectively represent a major mechanism of innate immunity. 
Mechanisms for leukocyte-induced vascular injury have been 

(0.37–0.59) 109/L and 1.85 (1.34–2.28) 109/L, respectively. In 
individuals with impaired endothelium-dependent vascular 
function, the median leukocyte count and neutrophil were 
significantly higher compared to those with normal function 
(Table 2). In a univariate model, the highest quintile of leuko-
cyte count (OR, 2.12; 95% CI: 1.26–3.67, P=0.004) and neu-
trophil (OR, 2.68; 95% CI: 1.58–4.60, P<0.001) were signifi-
cantly associated with vascular dysfunction (Figure 1). In a 
bivariate correlation analysis, RHI was weakly and negatively 
correlated with leukocyte and neutrophil counts (Figure 2). 
From the first quintile to the fifth quintile of leukocyte count, 
RHI was 2.10, 2.08, 2.10, 2.09, and 1.91, respectively. From 
the first quintile to the fifth quintile of neutrophil count, RHI 
was 2.17, 2.09, 2.01, 2.09, and 1.92, respectively.

Multivariate Logistic Regression Analysis
On multivariate analysis, the following significant associa-
tions were found to be independent determinants of vascular 
dysfunction (Table 3): in model A, SBP (OR, 0.97; 95% CI: 
0.96–0.99, P=0.001) and BMI (OR, 1.06; 95% CI: 1.02–1.10, 
P=0.005); in model B, SBP (OR, 0.97; 95% CI: 0.96–0.99, 
P=0.001), BMI (OR, 1.05; 95% CI: 1.01–1.09, P=0.02) and 
neutrophil count (OR, 1.20; 95% CI: 1.01–1.43, P=0.04); in 
model C, SBP (OR, 0.97; 95% CI: 0.96–0.99, P=0.001), BMI 
(OR, 1.05; 95% CI: 1.01–1.09, P=0.02) and the highest quin-
tile of leukocyte count (OR, 1.91; 95% CI: 1.09–3.37, P=0.02); 
and in model D, SBP (OR, 0.97; 95% CI: 0.96–0.99, P<0.001), 
BMI (OR, 1.05; 95% CI: 1.01–1.09, P=0.009) and the highest 
quintile of neutrophil count (OR, 2.36; 95% CI: 1.35–4.12, 
P=0.003).

Discussion

In this study we found a highly significant association between 
leukocyte count and vascular dysfunction in patients with low 
CV risk. Moreover, in a multivariate model, the highest quin-
tile of neutrophil count was the strongest predictor for early 
atherosclerosis (vascular dysfunction) in these patients, stron-
ger than commonly recognized CV risk factors such as smok-
ing or dyslipidemia. The current study supports a role for in-
flammation in early atherosclerosis in humans.

The healthy endothelium is an active organ with important 
homeostatic functions.17 Normal vascular function reflects the 
ability of the endothelium to protect against vascular injury 

Figure 2.  Reactive hyperemia index (RHI) was inversely cor-
related with leukocyte count (109/L) (r=–0.10, P=0.05) and 
with neutrophil count (109/L) (r=–0.14, P=0.01).

Table 3. Logistic Multivariate Regression for Independent Predictors of Vascular Dysfunction

Model A Model B Model C Model D

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age (years) 0.99 0.97–1.01 0.99 0.97–1.01 0.99 0.97–1.01 0.99 0.97–1.01

Sex (male) 1.22 0.69–2.16 1.17 0.66–2.08 1.21 0.68–2.14 1.28 0.73–2.23

SBP (mmHg) 　0.97† 0.96–0.99 　0.97† 0.96–0.99 　0.97† 0.96–0.99 　0.97† 0.96–0.99

BMI (kg/m2) 　1.06† 1.02–1.10 　1.05* 1.01–1.09 　1.05* 1.01–1.09 　1.05† 1.01–1.09

Smoking 1.64 0.60–4.51 1.62 0.59–4.44 1.66 0.61–4.51 1.56 0.56–4.32

TCH (mg/dl) 0.99 0.99–1.01 0.99 0.99–1.01 0.99 0.99–1.01 0.99 0.99–1.01

HDL-C (mg/dl) 0.99 0.97–1.01 0.99 0.97–1.01 0.99 0.97–1.01 0.99 0.97–1.01

Leukocyte (109/L) 1.08 0.93–1.26 – – – – – –

Neutrophil (109/L) – – 　1.20* 1.01–1.43 – – – –

Leukocyte (Q5) – – – – 　1.91* 1.09–3.37 – –

Neutrophil (Q5) – – – – – – 　2.36† 1.35–4.12

*P<0.05; †P<0.01.
BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; OR, odds ratio; Q, quintile; SBP, systolic blood 
pressure; TCH, total cholesterol.
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and impaired endothelial function without any elevation of 
CRP.26 Bo et al reported that high-sensitivity CRP was not 
independently associated with subclinical atherosclerosis.34 In 
contrast, Clapp et al reported the direct effects of CRP was to 
enhance vascular function via increased nitric oxide produc-
tion in vitro.35 The current study was not designed to address 
the mechanism of the interaction between high leukocyte count 
and impaired vascular function (inflammation, oxidative stress 
or others). Therefore, the lack of CRP information does not 
affect the main results of the current study.

Furthermore, the majority of patients were Caucasian. Thus 
the conclusion of the current study should not be extrapolated 
to subjects of different ethnicity.

Conclusion

A relatively high leukocyte count is independently associated 
with vascular dysfunction in persons at low CV risk. This sug-
gests that leukocyte count may be a useful tool for CV screen-
ing in persons at low CV risk. The present results also provide 
potential insights into the mechanisms by which inflammation 
contributes to atherogenesis.
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