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Introduction

Cardiovascular diseases (CVD), including myocardial infarction, angina, and stroke are the
leading causes of death worldwide”. According to the WHO, approximately one-third of
worldwide mortality in 2012 was attributed to CVD?. In addition, one-fourth of the causes of
long-term care is caused by CVD in Japan®. Arteriosclerosis is the pathological process that
causes CVD. Therefore, arteriosclerosis can be considered as the maximum risk factor for life
and quality of life (QOL), and its prevention and protection are important issues.

Dyslipidemia, diabetes, and hypertension are major risk factors for arteriosclerosis. Many
studies have reported on how these diseases increase the daily production of reactive oxygen
species (ROS) and cause oxidative stress, which result in the impairment of blood vessel
function *®. Additionally, obesity is associated with these diseases and is an independent risk
factor for CVD. However, no previous studies have shown how rise in obesity and serum lipid,
blood glucose, or blood pressure levels influence the daily ROS production in healthy adults.
Despite increases in the daily oxidative stress levels, the mechanisms by which these are
achieved still remain unclear. Therefore, adequate health promotion strategies cannot be
implemented, as objective measures of oxidative stress for the suppression of arteriosclerosis
in healthy people are still unclear.

While ROS are produced by almost all cells, white blood cells, especially neutrophils,
produce a large amount of ROS " as a part of reactions against foreign bodies. However, they
continuously produce ROS even in the absence of a foreign body in a process known as basal
ROS production. Basal ROS production by neutrophils increases the oxidative stress and may

promote atherosclerosis &%

. Nevertheless, while previous studies have focused on ROS
production as a reaction against foreign bodies, there is only a limited number of studies on
basal ROS production. Therefore, in order to elucidate the mechanisms of initial

arteriosclerosis progression, it is important to investigate the relationship between
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atherosclerosis-related biomarkers (i.e., obesity levels, serum lipid levels, blood glucose
levels and blood pressure) and basal ROS production in healthy subjects.

Few studies have measured basal ROS production with only several dozen of samples in
the past. There are other studies that had similar sample sizes as the present study ** however,
we are the first research that collected and analyzed whole blood. In addition, arteriosclerosis
is a typical multifactorial disease, caused by various related factors. Therefore, in such studies,
epidemiological studies that consider the influence of various factors are more important than
experimental studies V. The present study consisted approximately 1000 adults aged between
20 and 80 years from the general population, and the influence of atherosclerosis-related
biomarkers on neutrophil basal ROS production was evaluated from their basal ROS

production in whole blood samples.

Investigation Method
Participants

Eight hundred and nine male and female participants were included in the 2011 Iwaki
Health Promotion Project. This project included participants living in the lwaki region of
Hirosaki City in the Aomori Prefecture in northern Japan. The purpose of this project was to
maintain and promote physical and mental health of the local community in order to prevent
lifestyle-related diseases and prolong their lifespans. Approval for the study was obtained
from the Ethics Committee of the Hirosaki University School of Medicine, and all subjects
provided their written informed consent prior to the research project.

A total of 378 participants (142 males and 236 females) were enrolled in the present study.
Participants with diabetes mellitus (diagnosed by a medical doctor), malignant tumors,
immune disorders, ischemic heart disease, cerebral infarction, or those who were currently

taking immunosuppressive agent, hypolipidemic agent, antidiabetic drug or hormones, and
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those who have missing values or measurement items were excluded from the study. Those
with triglyceride levels of > 400 mg/dL, low-density lipoprotein (LDL) cholesterol level of >
140 mg/dL, high-density-lipoprotein (HDL) cholesterol level of < 40 mg/dL, HbAlc level of

> 6.1% and fasting blood glucose level of > 125 mg/dL were also excluded.

Lifestyle habits and physical measurements

Self-reported questionnaires were sent to subjects prior to the investigation and were
collected after reviewing the answers during personal interviews on the day of the study. In
the questionnaire, subjects were asked about their age, gender, current and past illnesses,
menopause status, medication histories, smoking habits, alcohol use and exercise habits. Body
mass index [BMI, weight (kg)/height (cm)?] and waist circumference were calculated and
measured as an index of obesity. In addition, systolic blood pressure, diastolic blood pressure

and brachial-ankle pulse wave velocity (baPWV) were measured to assess arterial stiffness.

Blood parameters

Blood samples were collected peripherally after a period of fasting in the early morning.
Neutrophil counts were measured using an automated blood cell analyzer (SE9000; Sysmex,
Kobe, Japan). The measurements of total and HDL cholesterol, blood glucose and HbAlc
levels were consigned to the Mitsubishi Chemical Medience after serum was separated from
whole blood by centrifugation. Total cholesterol and HDL cholesterol levels were measured
using enzymatic methods. LDL cholesterol was calculated using Friedewald formula (LDL

cholesterol = Total cholesterol — HDL cholesterol — Triglyceride/5). Blood glucose level

was measured according to the established methods adopted by the Japan Diabetes Society
(JDS). The National Glycohemoglobin Standardization Program (NGSP) value conversion
expression stipulated by the Japan Diabetes Society was then calculated accordingly (NGSP

4
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value = 1.02 x JDS value (% ) + 0.25% ). We performed analyses in this study using the JDS

value.

ROS generation in peripheral blood neutrophils

Neutrophil functions and basal, nonstimulated ROS production were measured with
FAC-Scan (Becton Dickinson, San Jose, CA, USA) using the two-color method. ROS
production was measured using the ROS-reacting fluorescent agent, hydroethidine (HE;
Polyscience Inc., Warrington, PA, USA). In brief, 44 uL of 8 um hydroethidine (Polyscience)
was added to 200 pL aliquots of heparinized whole blood and then incubated at 37°C for
5 min. After incubation, 1 mL of a hemolytic agent was added to each sample and mixed well.
After confirming hemolysis of red blood cells, 250 pL of fixative (Polyscience) was added to
the samples, and the solution was allowed to stand for 5 min. The samples were then washed
twice in phosphate-buffered saline containing sodium azide, followed by the addition of 50
uL of 5% paraformaldehyde.

Using flow cytometry, neutrophils were irradiated with a 488-nm laser beam generated
from a 15-mW argon laser with forward- and side-scattering emission, which was
simultaneously recorded. Green fluorescence generated from FITC was detected through a
530-nm filter, and orange fluorescence generated from HE was detected through a 585-nm
filter. Fluorescence intensity was measured as the value of neutrophils per 10,000 screened
from the forward- and side-scattering emission for each sample. Cumulative fluorescence
intensity (CFI), i.e., sum of the values of fluorescence intensity (FI) multiplied by the number

of positive cells per 10,000 (i), was used as a quantitative index.

Statistical analysis
Statistical analyses were carried out after participants were divided into two groups on the

5
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basis of gender. The relationship between neutrophil functions and the atherosclerosis-related
biomarkers, (i.e., BMI and waist circumference, and total cholesterol, LDL cholesterol, HDL
cholesterol, fasting blood glucose and HbAlc levels as well as systolic and diastolic blood
pressures and baPWV) were analyzed using multiple regression analysis. The statistical
models were adjusted for age, BMI, cigarette smoking, alcohol use, exercise frequency,
hypotensive drug intake and menopause status.

Furthermore, we categorized subjects into five groups according to HDL cholesterol levels
(40-54 mg/dL, 55-69 mg/dL, 70-84 mg/dL, 85-100 mg/dL, and >100 mg/dL) and compared
the total basal ROS production between groups using an analysis of covariance (ANCOVA).
We then corrected the values for age, BMI, smoking, alcohol use, exercise habits, hypotensive
drug intake and menopause status, and used the Bonferroni method for multiple comparisons.
Data analyses were performed using the Statistical Package for the Social Sciences (SPSS)
version 18.0J statistical software (SPSS Inc., Chicago, IL, USA). The differences were

considered statistically significant when p <0.05.

Results

Blood biochemical values and physical characteristics of participants and their lifestyle
habits are listed in Table 1. The average age was 54.9 + 14.4 for male and 52.9+14.3 for
female participants. Average BMI, waist circumference, blood pressure, and baPWV were
both significantly higher in male than in female participants. Although smoking and drinking
habits were more common in male participants, gender differences in exercise habits were not
observed. Postmenopausal female patients comprised 66.2% of the study population. Blood
biochemical values are listed in Table 2. The average HDL cholesterol level was significantly
higher in female participants than male participants, while the average fasting blood glucose

level was significantly higher in male than female patients. Although the average basal ROS
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production per active cell was significantly higher in women, we did not identify significant

differences in total basal ROS production.

Influence of atherosclerosis-related biomarkers on neutrophil basal ROS production

Multiple regression analysis for male participants revealed the absence of correlation
between neutrophil function and atherosclerosis-related biomarkers among males (Table 3).
On the other hand, a positive correlation between total basal ROS production and basal ROS
production per active cell for both total cholesterol and HDL cholesterol levels (for total basal

ROS production: total cholesterol p=0.002, HDL cholesterol p <0.001; for basal ROS

production per active cell: total cholesterol p=0.021, HDL cholesterol p=0.016) was
demonstrated among female participants. A positive correlation was also revealed between
basal ROS production per active cell and fasting blood glucose levels (p=0.03) (Table 4).

For the analysis of covariance, total basal ROS production was significantly higher in the
group with HDL cholesterol levels of 100 mg/dL or more than in other groups (HDL
cholesterol levels > 100 mg/dL: 40-54 mg/dL p=0.001, 55-69 mg/dL p=0.008, 70-84 mg/dL

P=0.02) (Figure 1).

Discussion

This is the first epidemiological study on the association between basal neutrophil ROS
production and obesity, serum lipid, blood glucose and blood pressure levels, among healthy
subjects.

In this study, no significant relationship was detected between obesity levels and basal ROS
production. Although previous studies have shown elevated neutrophil count **® and
increased neutrophil activity among obese patients *¥*®, there have been very few reports on
basal ROS production in obese subjects with adequate sample sizes. In addition, while there
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have been reports linking obesity and ROS production among neutrophils *®, another report
failed to show a relationship 1", highlighting the diversity in opinions. In those studies
reporting neutrophil hyperactivity in obese individuals, the study populations consisted of

highly obese subjects (BMI =30kg/m? or the average BMI of 30~35 kg/m?) *'®. In our

study, because the average BMI was low (22.9+2.7 kg/m? in male and 21.9+3.1 kg/m? in
female) and more than 98% of calculated BMI were <30 kg/m? we believe that correlation
between obesity and neutrophil function was not easily demonstrated.

Previous studies have reported positive correlations between basal ROS production in
neutrophils and LDL-C levels **2Y. In all of these studies, except those conducted in vivo
19220) 'there were small sample sizes, and neutrophil function was not evaluated using whole
blood. The mechanism proposed involves an increase in the Ox-LDL levels generated by LDL
increase ROS production of neutrophils 2%, However, since subjects with LDL-C > 140
mg/dL were excluded from the study, generation of oxLDL was suppressed and no correlation
was demonstrated between LDL-C and basal ROS production of neutrophils.

It has been reported that HDL-C also reduces basal ROS production of neutrophils 9292,
while some studies that have reported the absence of an association between the two 2. In
these studies, only the (19) basal ROS production was measured, but separating neutrophils
had used in this study as previously described. On the other hand, even with HDL-C
concentrations of up to 100 mg/dL, no correlation was demonstrated with ROS production in
our study. ROS production was higher with HDL-C concentrations of 100 mg/dL or more in
women compared to that in other groups. HDL-C also has antioxidant, anti-inflammatory
properties "%, However, it has recently been recognized that the presence of dysfunctional
HDL can enhance inflammation 3*32). In addition, when HDL-C levels are very high, the
possibility of increased production of dysfunctional HDL-C also increases *2. Patients with
34-36). In

very high HDL-C have an increased risk of atherosclerosis and cardiovascular disease
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addition, Dysfunctional HDL-C reported increases ROS production significantly compared
with normal HDL-C by activating NADPH oxidase *”. Therefore, if HDL-C is more than 100
mg/dL in women, it also increases basal ROS production and subsequent oxidative stress.
Although positive correlation was observed between total cholesterol and basal ROS
production this was likely due to the effect of HDL cholesterol as one of the fractions of total
cholesterol.

A study investigating the relationship between blood glucose levels and basal ROS
production of neutrophil in non-diabetics has demonstrated positive correlation between blood
glucose, HbA1c and basal ROS production of neutrophils *®. Although our study has shown a
similar result, there was no correlation shown between ROS production and HbAlc. As this
factor, it was conceived the impact of the choice of subject. While Saito et al. excluded only
diabetics with HbA1c¢>6.1% ®, we also excluded persons with fasting blood glucose levels
>125 mg/dL. Therefore, correlation is difficult to demonstrate between HbA1c and basal ROS
production of neutrophil in patients who are in a healthier state. However, given the
correlation tendency between blood glucose and basal ROS production of neutrophil shown in
this study, blood glucose management is important in oxidative stress.

In this study, an association between baPWV, which is significantly related to blood
pressure and reflects the degree of arteriosclerosis, and basal ROS production of neutrophil,
has not demonstrated. No previous studies have evaluated the neutrophil basal ROS
production in whole blood as well as the relationship between ROS production in immune
cells 1@*99 0On the other hand, significant differences in ROS production between patients
with hypertension and without hypertension was not observed. No correlation between ROS
production of neutrophil and mean arterial pressure (which reflects the degree of
arteriosclerosis) has been reported “?. Because hypertension and arteriosclerosis are

phenomena caused by oxidative stress and are multi-factor in nature, correlation was difficult
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to demonstrate during basal ROS production of neutrophils.

In this study, a significant association of the relationship between the
arteriosclerosis-related factors and basal ROS production of neutrophil was only seen in
female participants. A limitation of this study is that clear reasons for the gender differences
observed could not be ascertained because of the absence of sex hormones level
measurements. Previous studies have suggested neutrophil function activation by the female
hormone *Y. In addition, the relationship between glucose metabolism and neutrophils basal
ROS production was only seen in women *®. On the other hand, there were only four male
participants with HDL-C of 100 mg/dL or more in this study. Therefore, we considered that a
significant correlation between HDL-C and basal ROS production of neutrophil was only

observed in female participants.

Conclusion

We investigated the relationship between atherosclerosis-related biomarkers and basal ROS
production of neutrophils among healthy subjects with normal levels of
arteriosclerosis-related biomarkers. Based on our results, we believe that elevated HDL-C and
blood glucose levels in female subjects increase oxidative stress by enhancing the basal ROS
production of neutrophils. In addition, when HDL-C exceeds 100 mg/dL, basal ROS
production of neutrophils increased significantly, which was considered to be disadvantageous
for biological functions. Thus, strict control of glycemic and HDL cholesterol levels are
extremely important in females. Also, HDL-C levels exceeding 100 mg/dL are considered

detrimental to health.
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Table 1. Characteristics of the participants

male female

n=142 n=236
Age, years 549+14.4 52.9+14.3
BMI, kg/m? 22.9+2.7 21.9+3.1 o
Waist circumference, cm 82.2+7.49 79.41+9.46 xx
systolic blood pressure , mmHg 133.5+18.5 127.8+£19.5 **
diastolic blood pressure , mmHg 78.1£12 747113 *
baPWV, cm/s 1560.6 +=373.2 1422.3+353.7 **
Smoker % 30.1 114 **
Alcohol drinker % 76.8 31.4 **
Exercise habits (1</week), % 324 25.0
Menopause, % - 66.2

Table 1. Characteristics of the participants

Data are expressed as mean + standard deviation.

BMI, body mass index; ba PWYV, brachial-ankle pulse wave velocity.

*p<0.05 vs the opposite sex.

16

**p<0.01 vs the opposite sex.
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Table 2. Characteristics of the participants

male female

n=142 n=236
total cholesterol, mg/dL 192.2+22.8 196.8+24.2
LDL cholesterol, mg/dL 108.6+20.3 110.9+20.1
HDL cholesterol, mg/dL 62.9+14.8 70.7+£16.1 *
fasting blood glucose, mg/dL 88.2+10.4 85.2+95 *
HbAlc, % (JDS) 5.240.3 5.240.3
HbAlc, %(NGSP) 5.6+0.3 55+0.3
Jotal Basal ROS production. - ggg5 637635 4508.7+-4231.2
Basal ROS production n N *
oer active cell, FI 38.613.1 43.31+16.8
Basal ROS production 101.6+102.2 100.5+79.5

proportion, fu

Table 2. Characteristics of the participants

Data are expressed as mean + standard deviation.

LDL, Low density lipoprotein; HDL, High density lipoprotein; JDS, Japan Diabetes Society;

NGSP, National Glycohemoglobin Standardization Program; ROS, reactive oxygen species.

CFI, cumulative fluorescence intensity; FI, fluorescence intensity.

*p<0.05 vs the opposite sex.
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Table 3.

Multiple regression analysis with neutrophil basal ROS production (male)

Objective variables Explanatory variables B -coefficient ~ P-values R®
Total Basal ROS BMI -0.060 0.480 0.065
production Waist circumference -0.075 0.377 0.067
total cholesterol -0.124 0.142 0.080
LDL cholesterol -0.043 0.629 0.067
HDL cholesterol -0.115 0.209 0.076
fasting blood glucose 0.053 0.589 0.067
HbAlc 0.001 0.987 0.065
systolic blood pressure 0.062 0.527 0.068
diastolic blood pressure 0.015 0.864 0.065
ba PWV 0.058 0.664 0.067
Basal ROS production BMI -0.076 0.372 0.045
per active cell Waist circumference -0.078 0.358 0.046
total cholesterol -0.100 0.245 0.055
LDL cholesterol 0.012 0.890 0.046
HDL cholesterol -0.080 0.389 0.051
fasting blood glucose -0.030 0.766 0.046
HbAlc -0.089 0.330 0.052
systolic blood pressure -0.057 0.567 0.048
diastolic blood pressure -0.100 0.256 0.055
ba PWV 0.088 0.477 0.049
Basal ROS production BMI 0.006 0.942 0.046
proportion Waist circumference -0.005 0.957 0.046
total cholesterol -0.074 0.387 0.052
LDL cholesterol -0.016 0.856 0.047
HDL cholesterol -0.109 0.237 0.056
fasting blood glucose 0.058 0.561 0.049
HbAlc 0.055 0.546 0.049
systolic blood pressure 0.114 0.253 0.056
diastolic blood pressure 0.097 0.269 0.055
ba PWV 0.048 0.698 0.048

Table 3.Multiple regression analysis with neutrophil basal ROS production (male)

There was no correlation between neutrophil function and atherosclerosis-related biomarkers

among males.

ROS, reactive oxygen species; BMI, body mass index; LDL, Low densty lipoprotein; HDL,

High density lipoprotein; baPWYV, brachial-ankle pulse wave velocity.
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Table 4.

Multiple regression analysis with neutrophil basal ROS production (female)

Objective variables Explanatory variables B -coefficient ~ P-values R®
Total Basal ROS BMI -0.021 0.763 0.046
production Waist circumference 0.014 0.839 0.045
total cholesterol 0.214 0.002 0.084
LDL cholesterol 0.085 0.244 0.050
HDL cholesterol 0.257 0.000 0.098
fasting blood glucose 0.126 0.089 0.057
HbAlc 0.088 0.209 0.051
systolic blood pressure 0.037 0.651 0.046
diastolic blood pressure 0.031 0.665 0.046
ba PWV -0.073 0.492 0.048
Basal ROS production BMI -0.077 0.273 0.028
per active cell Waist circumference -0.019 0.791 0.023
total cholesterol 0.089 0.207 0.035
LDL cholesterol 0.066 0.376 0.032
HDL cholesterol 0.060 0.411 0.031
fasting blood glucose -0.004 0.958 0.028
HbAlc -0.055 0.435 0.031
systolic blood pressure -0.040 0.631 0.029
diastolic blood pressure 0.093 0.872 0.028
ba PWV -0.050 0.624 0.029
Basal ROS production BMI 0.021 0.764 0.052
proportion Waist circumference 0.048 0.488 0.054
total cholesterol 0.160 0.021 0.074
LDL cholesterol 0.100 0.171 0.060
HDL cholesterol 0.172 0.016 0.076
fasting blood glucose 0.157 0.033 0.071
HbAlc 0.122 0.081 0.065
systolic blood pressure 0.081 0.320 0.056
diastolic blood pressure 0.046 0.516 0.054
ba PWV -0.003 0.975 0.052
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Table 4. Multiple regression analysis with neutrophil basal ROS production (female)
A positive correlation between total basal ROS production and basal ROS production per
active cell for both total cholesterol and HDL cholesterol levels (for total basal ROS

production: total cholesterol p=0.002, HDL cholesterol p<0.001; for basal ROS production

per active cell: total cholesterol p=0.021, HDL cholesterol p=0.016) was demonstrated among
female participants. A positive correlation was also revealed between basal ROS production
per active cell and fasting blood glucose levels (p=0.03)

ROS, reactive oxygen species; BMI, body mass index; LDL, Low density lipoprotein; HDL,

High density lipoprotein; baPWYV, brachial-ankle pulse wave velocity.
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Figure 1. Covariance analysis of HDL-C levels and basal ROS production in females
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Figure 1. Covariance analysis of HDL-C levels and basal ROS production in females

Total basal ROS production was significantly higher in the group with HDL cholesterol levels

of >100 mg/dL compared to other groups. (* =p <0.05)

ROS, reactive oxygen species; CFI, cumulative fluorescence intensity.
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Abstract

We investigated the effects of arteriosclerosis-related factors on the oxidative stress derived
from neutrophil in healthy adults. Subjects were 809 males and females from the general
population who were over 20 years old. Life style parameters (smoking, alcohol consumption
and exercise habits), arteriosclerosis-related factors (obesity level, cholesterol level, blood
glucose level and blood pressure) and basal neutrophil (ie. not stimulated) reactive oxygen
species (ROS) production were measured. As a result, female subjects with HDL cholesterol
level of 100mg/dL or higher, or those with high normal blood glucose level showed higher
basal ROS production from neutrophil. Therefore, in order to suppress the oxidative stress
derived from neutrophils, it is important to maintain a strict control of glycemic level and the

control of HDL cholesterol levels to less than 100mg/dL.

Key words

atherosclerosis-related biomarkers, neutrophil, reactive oxygen species, general population,

epidemiological research
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