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ABSTRACT

Objectives: Chronic inflammation and oxidative stress are associated
with health and the disease status. The objective of the present study
was to investigate the association among white blood cell (WBC) counts,
neutrophil counts as a WBC subpopulation, and diacron reactive oxygen
metabolites (d-ROMs) levels in an asymptomatic population.

Methods: The clinical data, including general cardiovascular risk variables
and high-sensitivity C-reactive protein (hs-CRP), were collected from 100
female subjects (mean age, 62 years) in outpatient clinics. The correlation
of the d-ROMs with hs-CRP, WBC, and neutrophil counts was examined.

Results: The mean/median levels were WBC counts 5.9 X 10°/L,
neutrophil counts 3.6 X 10°/L, hs-CRP 0.06 mg/dL, and d-ROMs 359
CURR U. A simple correlation analysis showed a significant positive
correlation of the d-ROMs with the WBC counts, neutrophil counts,
or hs-CRP levels. The correlation between d-ROMs and neutrophil
counts (B = 0.22, P < 0.05), as well as that between d-ROMs and hs-
CRP (B = 0.28, P < 0.01), remained significant and independent in a
multiple linear regression analysis adjusted for other variables. A multiple
linear regression analysis showed that WBC counts had only a positive
correlation tendency to the d-ROMs.

Conclusions: Neutrophils may be slightly but more involved in
the oxidative stress status, as assessed by d-ROMs, in comparison to
the overall WBC. Further studies are needed to clarify the biologic
mechanism(s) of the observed relationship.

Key words: C-reactive protein, inflammation, leukocyte, neutrophil,
oxidative stress

INTRODUCTION

Subclinical chronic inflammation and oxidative stress are
concomitantly involved in the pathogenesis of degenerative
disorders, such as atherosclerotic disease.’? Inflammation
induces an oxidative burden, and oxidative stress also enhances
inflammation.® Accordingly, markers that evaluate inflammatory
and oxidative conditions have been explored.?* The white
blood cell (WBC) counts and high-sensitivity C-reactive protein
(hs-CRP) in blood serve as inflammatory markers,>>¢ although
these markers have nonspecific features.”” Most studies on the
relationship of WBC with the risk of cardiovascular disease (CVD)
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have used total WBC counts,>#! although neutrophils
(a differential WBC subtype) can play crucial
roles in oxidation of lipoproteins and endothelial
dysfunction.®!” Some studies have reported a
significant positive association between the WBC
subpopulations (neutrophil counts, in particular)
and CVD outcomes (eg, the SOLVD study and the
EPIC study).["12 The relationship of WBC and its
subpopulations with oxidative stress-related markers
has not been thoroughly examined; for instance, a
significant positive relationship between sputum
8-isoprostane and neutrophil counts,¥! as well as
between blood 3-chlorotyrosine and WBC counts, 4!
has been reported.

The limited information may be due to the
limited number of oxidative stress-related markers,
which can be used to easily assess the oxidative
stress status in clinical settings.! The diacron
reactive oxygen metabolites (d-ROMs) test was
recently introduced as an easy clinical marker to
evaluate the total oxidative burden.’! Although
there are prior studies showing a significant
positive correlation between the hs-CRP and
d-ROMs levels,B! the association of WBC and its
subpopulations with d-ROMs has not been shown.
The aim of the present study was thus to investigate
the correlation between WBC, neutrophil counts,
and d-ROMs levels in an asymptomatic population.

METHODS

The study included 100 female subjects (mean age,
62 * 9 years) recruited from outpatient clinics. The
inclusion criteria were asymptomatic, nonsmokers,
and participants not taking any medications. Subjects
with blood hemoglobin values between 11.5 and
17.5 g/dL and WBC counts between 3.0 and 10 x
10°/L were included (these levels were based on
reference intervals!’®! and clinical experience). The
exclusion criteria were acute infectious diseases,
such as the common cold, or a history of cardio/
cerebrovascular, endocrine, hematologic, collagen,
severe kidney, or liver diseases. This study was
approved by the Institutional Ethics Committee,
and all subjects gave their informed consent.

The clinical data from each subject were
obtained following an overnight fast. The body mass
index (BMI) was calculated based on the weight
and height measured while subjects wore light
clothing without shoes. The systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were
measured in the subject’s right arm with a mercury
sphygmomanometer while the subject was in the
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seated position. Blood hemoglobin, total WBC
and neutrophil counts (plus lymphocyte counts)
were measured with an autoanalyzer (COULTER
LH750 model, BECKMAN COULTER Co. Ltd.,
Tokyo, Japan). The serum total cholesterol (TC),
high-density  lipoprotein-cholesterol (HDL-C),
triglyceride (TG), and plasma glucose levels were
measured by enzymatic methods. The serum hs-
CRP levels were measured by an enzyme-linked
immunosorbent assay (Assaypro Co. Ltd., St.
Charles, MO, USA). The d-ROMs levels were
determined by a photometric assay that measures
the total oxidant capacity (mainly dependent on the
total amount of hydroperoxides, a class of reactive
oxygen metabolites) of a sample against N, N-diethyl
paraphenylenediamine, used as chromogenic
substrate. Serum samples were mixed with an acidic
buffered solution and incubated at 37°C with the
chromogenic substrate for 3 min, and after that they
underwent photometricreading at 505 nm, according
to the kinetic mode, in 2 min, at 37°C, by using a
dedicated photometer (F.R.E.E. system, Diacron
International s.r.l., Grosseto, Italy). The d-ROMs
test showed acceptable analytic performance based
on the low intra- and interassay coefficients of
variation (2.1% and 3.1%, respectively).?!

The data are expressed as the means * standard
deviation (SD) or the medians (interquartile range).
A simple correlation test (Pearson’s test) and a
multiple linear regression analysis were used to
observe the correlation between the d-ROMs and
other measured variables, including hs-CRP, WBC,
and neutrophil counts. The multiple linear regression
analysis to evaluate the correlation of the d-ROMs
(as an independent variable) with WBC counts or
neutrophil counts was adjusted by the variables: age,
BMI, SBP, TC, HDL-C, TG, plasma glucose, and hs-
CRP. The SBP only was entered into these models,
because of a collinearity of DBP. The TG and hs-
CRP values were log-transformed in these analyses,
because of their skewed distributions. Statistical
significance was defined as a P value < 0.05.

RESULTS

The mean (£SD)/median (interquartile range)
levels of the measured variables were BMI, 24.0
+ 3.3 kg/m? hemoglobin, 13.4 + 1.1 g/dL;
WBC counts, 59 = 1.7 x 10°/L; neutrophil
counts, 3.6 = 1.4 x 10°/L; lymphocyte counts,
1.8+£0.6x10°/L; SBP, 142 + 22 mmHg; DBP, 80
+ 11 mmHg; TC, 250 + 30 mg/dL; HDL-C, 68 + 17
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mg/dL; TG, 143 (96-224) mg/dL; plasma glucose,
126 + 44 mg/dL; hs-CRP, 0.06 (0.04-0.12) mg/dL;
and d-ROMs, 359 £ 88 CARR U.

A simple correlation analysis showed that there
was a significant positive correlation between the
d-ROMs and BMI, plasma glucose, WBC counts,
neutrophil counts, or hs-CRP levels [Table 1].
The other variables did not show any relative
significance. In addition, there was a significant
positive correlation between the WBC and
neutrophil counts (» = 0.91, P < 0.01). The WBC
counts were significantly and positively correlated
with hs-CRP levels (» = 0.25, P = 0.01), whereas
the neutrophil counts showed a positive correlation
tendency to hs-CRP levels (= 0.17, P = 0.09).

A subsequent multiple linear regression analysis
revealed that there remained a significant positive
correlation between the d-ROMSs and neutrophil
counts, independent of other variables [Table 2].
A multiple linear regression analysis revealed that
the WBC counts had only a positive correlation
tendency to the d-ROMs. There remained an
independent, significant, and positive correlation
between the d-ROMs and hs-CRP levels in the
multiple linear regression analysis.

DISCUSSION

The present study found that there was an

Table 1: A simple correlation of the d-ROMs with other

measured variables
1

Variables r (P value)
Age (years) 0.09 (0.40)
Body mass index (kg/m?) 0.25 (0.01)*
Hemoglobin (g/dL) —0.13 (0.18)
White blood cell counts (x 10°/L) 0.29 (< 0.01)**
Neutrophil counts (x 10°/L) 0.29 (<0.01)**
Lymphocyte counts (x 10°/L) 0.12 (0.25)
Systolic blood pressure (mmHg) 0.14 (0.18)
Diastolic blood pressure (mmHg) —0.05 (0.65)
Total cholesterol (mg/dL) —0.06 (0.56)
HDL-cholesterol (mg/dL) —0.19 (0.06)
Triglyceride (mg/dL) 0.13 (0.19)
Plasma glucose (mg/dL) 0.26 (0.01)*

hs-CRP (mg/dL) 0.35 (< 0.01)**

d-ROMs, Diacron reactive oxygen metabolites; HDL,
High-density lipoprotein, hs-CRP, High-sensitivity
C-reactive protein. r: Simple correlation test (Pearson’s
test) on d-ROMs: Triglyceride and hs-CRP values were
log-transformed because of their skewed distributions.
Significance level: * P <0.05, ** P <0.01.
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independent, significant, and positive correlation
between neutrophil counts and d-ROMs levels in
asymptomatic female subjects. An independent,
significant, and positive correlation between hs-CRP
and d-ROMs levels is consistent with a prior study.
The correlation of the d-ROMs with neutrophil
counts was significant relative to the total WBC
counts (although the difference in the correlation of
the d-ROMs with the neutrophil or WBC counts was
not very large), and this suggests that neutrophils
may be similarly or slightly but more involved in
the oxidative stress status, as assessed by this test, in
comparison to the overall WBCs. This is noteworthy
because of the specific roles of neutorophils on
the oxidative milieu in bloodstream and various
tissues, including the vasculature.”!®! This is also
useful as the basic information in considering the
link between inflammation and oxidative stress in
various pathophysiologies using the d-ROMs test,
a recently established marker to easily assess the
oxidative burden in clinical settings.?!
Althoughthebiologicmechanism(s)underlyingthe
correlation between neutrophils and d-ROMs remain
unclear, there are possible explanations. Neutrophils
can directly reflect the relevant pathophysiology
as a WBC subpopulation in comparison to
the total WBCs.”1% Neutrophils secrete various types

Table 2: A multiple regression analysis of the d-ROMs

with hs-CRP, white blood cell or neutrophil counts
I

Variables f (P-value)
Analysis model 1
White blood cell counts (x 10°/L) 0.20 (0.08)
hs-CRP (mg/dL) 0.27 (< 0.01)*
Analysis model 2
Neutrophil counts (x 10°/L) 0.22 (0.04)*
hs-CRP (mg/dL) 0.28 (< 0.01)**

d-ROMs, Diacron reactive oxygen metabolites; hs-CRP,
high-sensitivity C-reactive protein. §: Multiple linear
regression analysis on the d-ROMs for white blood cell
or neutrophil counts, after adjusting for other measured
variables (age, body mass index, systolic blood pressure,
total cholesterol, high-density lipoprotein-cholesterol,
triglyceride, plasma glucose, and hs-CRP); triglyceride
and hs-CRP values were log-transformed because of their
skewed distributions. Analysis model 1 included white
blood cell counts instead of neutrophil counts, whereas
analysis model 2 included neutrophil counts instead of
white blood cell counts. The present table included the
results of only the correlation of the d-ROMs with hs-
CRP, white blood cell or neutrophil counts. Significance
level: * P <0.05, ** P<0.01.
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of inflammatory chemokines and cytokines (eg,
interluekin-6),1'! and the inflammation triggered by
these molecules can both induce an oxidative stress
response and furtherinflammation via cell dysfunction
in systemic organs, including the adipose tissue, liver,
and vasculature.” Neutrophils-released mediators,
such as leukotriene B, can cause neutrophils to move
to inflammatory sites and generate oxidative stress. 7]
Oxidative stress also activates the inflammatory
pathway.!"®¥! Therefore, this cycle of oxidative stress
and inflammation in relation to neutrophils may
partly explain the correlation between neutrophils
and d-ROMs levels.

There were some limitations to the present study.
The sample size was relatively small, and the study
had a cross-sectional design nature that cannot
completely define the cause-and-effect relationship
of the results. The study population was restricted
to female participants with asymptomatic health
states. Future studies with a prospective design and
with larger and more varied populations are needed.

In summary, the present study showed that
there was an independent, significant, and positive
correlation between neutrophil counts and d-ROMs
levels in asymptomatic female subjects. The data
suggest that neutrophils may be slightly but more
involved in the oxidative stress status, as assessed
by the d-ROMs test, relative to the overall WBCs.
Further studies are necessary to clarify the biologic
mechanism(s) underlying the observed relationship.
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