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Background. Epidemiological studies have shown a relation between the white blood cell (WBC)
count in peripheral blood samples and other cardiovascular risk factors in adult populations. The aim
of this study was to investigate for the first time in children the relation between WBC count and pat-
terns of atherogenic risk.

Methods. We studied a southern Italian cohort of 1171 children (568 males, 603 females, mean age
10.8 = 0.06 years) from the fifth elementary classes in Salerno, Italy. This study is included in the
screening of scholastic medicine.

Results. The WBC count was significantly associated with cholesterolemia (p < 0.03), systolic (p
< 0.03) and diastolic blood pressure (p < 0.02), and platelet count (p < 0.01). Multivariate regression
analysis demonstrated an independent, positive, and significant association of WBC count with the
number of platelets, cholesterol levels and diastolic pressure.

Conclusions. Even in children, there is a relation between the WBC count and other factors linked
with the atherogenic risk. The meaning and the clinical importance of such an association remains to
be cleared and it is thus premature to consider 11-year-old children as being at higher cardiovascu-
lar risk. An answer to this question might come from follow-up studies of our as well as of other sim-

ilar cohorts.
(Ital Heart J 2001; 2 (9): 685-689)

Introduction

A relation between the white blood cell
(WBC) count in peripheral blood and fu-
ture cardiovascular events is well demon-
strated'®. Such a relation has been shown
in a population of diabetics too’, and some
investigations have also provided answers
on the physiological mechanisms underly-
ing it310. Even if most of the attention has
been focused on the role of WBC during an
acute ischemic attack, other investigations
have described a relation between WBC
count and cardiovascular risk factors in
normal volunteers'!-13.

Hypertension®!>!% and hypercholester-
olemia>®!1315 are linked with WBC count,
and this suggests that WBC might play an
important role not only during attacks, but
also in the development and evolution of
the atheroma itself.

This correlation was emphasized in epi-
demiological studies on adult Ameri-
can'l1214 and European'? populations, but
never verified in children.

In the present study we have evaluated, in
apopulation of children, the relation between
the WBC count in peripheral blood and some
of the traditional cardiovascular risk factors:
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blood cholesterol, triglyceride levels, glu-
cose concentration, body mass index, and
systolic and diastolic blood pressure.

Methods

Between September 1998 and April
1999, 1171 children from the fifth elemen-
tary classes in the city of Salerno (568
males, 603 females, mean age 10.8 + 0.06
years) were studied. This investigation is in-
cluded in the screening of scholastic medi-
cine. The drawing of blood samples was au-
thorized by the children’s parents. Every
child underwent physical examination, mea-
surement of blood pressure, weight, height
and evaluation of body mass index (calculat-
ed as the ratio between weight in kg and
height in m?). Fasting venous blood samples
were obtained to determine blood counts,
plasma glucose, total cholesterol, triglyc-
eride and urea levels. Cuff blood pressure
was measured with a mercury manometer
following World Health Organization crite-
ria'®. We measured it twice, the first value
being obtained after at least 5 min of relaxed
waiting, and we considered the mean of the
two determinations.
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Blood concentrations of cholesterol, triglycerides,
urea and plasma glucose were assessed by an enzyme
method installed on a Cobas Mira (Roche Diagnostics,
Milan, Italy) automatic line. The blood count was mea-
sured on a sample of whole venous blood by automat-
ed standard procedures (Cell Dyn 3000); the WBC
count is expressed in cells/dl.

Statistical analysis. Correlation coefficients between
the WBC count and each of the other variables were as-
sessed by the Pearson correlation matrix. Multivariate
regression analysis was performed to determine which,
if any, of the variables measured were significantly and
independently correlated with the WBC count.

Results

Table I shows the mean values of the examined vari-
ables and related percentiles. The values of blood pres-
sure are in accordance with those of a large American
population of children!”.

Correlation matrix analysis (Table II) shows a sig-
nificant statistical correlation between WBC count and
the number of platelets (p < 0.01), cholesterolemia (p
<0.03), and systolic (p < 0.03) and diastolic blood pres-
sure (p < 0.02). No correlation was found between the
WBC count and the other examined variables (body
mass index, red blood cell count, hematocrit, blood
iron, hemoglobin, and ferritin, plasma glucose, triglyc-
eride and uric acid levels).

Multivariate regression analysis demonstrated a
positive and independent association between WBC
and platelet count, cholesterol levels and diastolic
blood pressure (Table III).

Discussion

Recently, several studies have elucidated the interac-
tion between the WBC count and each of the other car-
diovascular risk factors, suggesting a key role of WBC in
the development of atherosclerosis'®!°. In normal volun-

count and each of the following: smoking>13-20.21 " cho-
lesterol level>®!1315 hypertriglyceridemia'>!322, hyper-
glycemia'??2, insulin levels??, and systemic blood pres-
sure®!>14, A negative relation has been shown between
the WBC count and HDL cholesterol®!!-12,

The relation between the WBC count and each of
the other cardiovascular risk factors has been demon-
strated not only for the population at large, but also in
patients with hypercholesterolemia?* and hyperten-
sion?*. All these studies were undertaken in adults,
while we are showing, for the first time in children, a
significant correlation between the WBC count and
some other cardiovascular risk factors: platelet count,
arterial blood pressure, and cholesterolemia.

White blood cell count and systemic hypertension.
The relation between the WBC count and hypertension
has been well demonstrated by previous investigations

Table II. Correlation coefficients between white blood cell
count and other variables.

Variable r P
Body mass index 0.01 NS
Red blood cells 0.05 NS
Sideremia 0.06 NS
Hemoglobin 0.07 NS
Hematocrit 0.03 NS
Ferritin 0.07 NS
Platelets 0.21 <0.01
Plasma glucose 0.01 NS
Cholesterol 0.18 <0.01
Triglycerides 0.07 NS
Uric acid 0.05 NS
Systolic blood pressure 0.16 <0.03
Diastolic blood pressure 0.17 <0.02

Table III. Correlation between leukocyte count and the other va-
riables at multiple linear regression analysis.

Variable B p
Platelets 0.203387 0.005
Cholesterol 0.124662 0.008

teers who participated in large population studies, a pos- Systolic blood pressure 0.089729 0.32
itive association has been reported between the WBC Diastolic blood pressure 0.150961 0.003
Table I. Mean + standard deviation (SD) of examined variables and proper percentiles.
Variables Mean + SD Percentiles

10° 50° 90°
Cholesterol (mg/dl) 174.5 £26.8 137 171.5 213
Triglycerides (mg/dl) 83.3+41.6 45 72.5 137.5
Plasma glucose (mg/dl) 88.4+9.6 76.5 86.5 101.5
Systolic blood pressure (mmHg) 1129 £ 13.9 92 109.5 124
Diastolic blood pressure (mmHg) 73.4+95 59 71 83.9
Body mass index (kg/m?) 18.7+£3.7 15.4 19.6 242
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which are summarized in table TV6!113.1422.25.26 Ty
important epidemiological investigations, the CARDIA!!
and Framinghamo® studies, have emphasized this associ-
ation in North American populations. Afterwards, sim-
ilar data were observed in European'® and African®
populations. In patients with ischemic heart disease or
diabetes mellitus or hypertension, Jackson et al.?’
demonstrated that the neutrophil count and neutrophil
elastase levels were significantly higher compared to
controls. Friedman et al.'* were probably the first au-
thors to demonstrate that a high WBC count may rep-
resent a risk factor for the subsequent development of
hypertension.

It has been hypothesized that two biological mech-
anisms, which may coexist, explain the relation be-
tween WBC and hypertension: an increase in sympa-
thetic tone that may increase the WBC count, and the
occlusion of peripheral arterial districts by leucocytes,
with increasing peripheral resistance. A more recent
study has demonstrated the presence of preactivated pe-
ripheral blood monocytes in hypertensive patients. An-
giotensin II may be directly involved in the process of
monocyte activation?®. In children, the relation between
the WBC count and hypertension may be explained by
similar biological mechanisms.

There is also evidence of a relation between WBC
and hypertension in animals. It has been assessed that
spontaneously hypertensive rats and Dahl-hyperten-
sives have a significant increase in the number of spon-
taneously activated neutrophils and monocytes in the
pool of circulating WBC?.

It is worth noting that corticosteroids seem to be
able to cause hypertension, increase the WBC count,
and augment the level of leukocyte activation in rats.
Suzuki et al.’ have demonstrated that in spontaneous-
ly hypertensive rats, following bilateral adrenalecto-
my, not only was the arterial blood pressure reduced to
almost normotensive levels, but there also was a de-
crease in the number of activated neutrophils in the cir-
culation.

White blood cell count and cholesterol: a key inter-
action for the development of the atheroma? In the
Framingham cohort, an association between the WBC
count and cholesterolemia has been found!>. This ob-
servation was then confirmed in more recent studies on

adult populations>®!3, This correlation suggests that a
high WBC count may predict a metabolic profile at risk
for atherogenesis. Given the link between insulin resis-
tance and both hypertension’! and ischemic heart dis-
ease’?, the relations between the WBC count and both
hypertension and hypercholesterolemia may depend on
insulin resistance??.

In the absence of any clear sign of an active inflam-
matory process, an increase in the WBC count may be
regarded as a sign of active atherogenesis. Monocyte
infiltration inside the vessel wall is a precocious and
crucial event in the evolution of inflammation and
atherogenesis®-*, The interaction between leukocytes
and endothelial cells is of fundamental importance in
the modulation of the inflammatory process, in partic-
ular the reaction of monocytes, macrophages, and
WBC recruitment itself33-3,

Recent studies have attributed other more complex
roles and interactions to WBC in the context of en-
docrine syndromes (insulin resistance, increase in glu-
cocorticoid levels)?239-3237 that, in turn, may be one of
the causes of the atherosclerotic process.

The association, shown by Leeson et al.’$, between
WBC and both cholesterol levels and hypertension is
particularly important. They have demonstrated that
LDL cholesterol levels have an impact on the arterial
elasticity in the first decade of life. Furthermore, in
normal children, functional differences depending on
the lipid range were demonstrated in the arterial wall,
a finding that raises the possibility that cholesterol lev-
els during childhood might be relevant for the devel-
opment of vascular disease’®. The implications of
these relations, particularly in children, are still un-
clear and need to be defined better by future investiga-
tions. An answer may derive, in the near future, from
careful follow-up of cohorts of children, similar to the
one we have studied and that for the first time showed
a link between WBC counts and risk factors at 11 years
of age.

White blood cell count and platelets. Leukocyte ac-
cumulation in a platelet thrombus can contribute to fur-
ther platelet activation and deposition. These events
may play a pathogenic role in inflammatory and throm-
botic disease®®. Several experimental studies indicate
that platelets either adherent to a surface or activated in

Table IV. Studies demonstrating the relation between white blood cell count and systemic blood pressure.

Author Year Study Population
Friedman et al.'* 1990 Case-control 2062 American
Friedman et al.!! 1990 Cohort 4901 American
Kannel et al.® 1992 Cohort, Framingham study 2794 American
Facchini et al.?? 1992 Cohort females 63 American
Sigola et al.> 1992 Case-control males 41 Zimbabwean
Gillum and Mussolino?® 1994 Epidemiologic Follow-up 6456 American
Capuano et al." 1995 Cohort PMR Project 1091 Italian
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suspension have an extraordinary efficacy in capturing
flowing leukocytes®.

The physiological relevance of leukocyte deposition
on activated platelets within the circulating blood or of
leukocyte adherence at the site of vascular damage is
still unknown*.

Activated platelets at the site of an unstable plaque
may be unable to produce a full vascular occlusion, but
might be the initial trigger of a localized leukocyte-de-
pendent inflammatory response®. Platelet-polymor-
phonuclear leukocyte interaction contributes to the in-
creased production of vasoactive metabolites, such as
thromboxane A, and leukotriene C,*! and may damage
endothelial cells and impair the endothelium-depen-
dent fibrinolytic response*?.

Platelet-polymorphonuclear leukocyte interaction,
as well as the consequent polymorphonuclear leuko-
cyte activation, may be an essential part of this inflam-
matory response, and might represent a new parameter
in the prediction of the risk and monitoring of the sever-
ity of ischemic disease*®’. Epidemiological data about
the correlation between WBC and platelet counts do
not exist. The implications of our results, showing such
an association in so young a population, cannot be ful-
ly understood at present.

Conclusions. Considering the link between the WBC
count and cardiovascular events, several open questions
on the relations between WBC and atherosclerosis, in-
sulin resistance and hypertension still remain to be an-
swered!¢43. In the present investigation, we are con-
firming, for the first time in children, the relation be-
tween WBC count and patterns of atherogenic risk.
Giving an explanation of this relation in a popula-
tion of children seems impossible at present, and it is
difficult to suggest that the WBC count taken at this age
could identify groups at different cardiovascular risk.
In the light of our study, it might be hypothesized that:
1) the same mechanisms underlying the correlation be-
tween WBC and hypertension in adults are present in
children too; 2) the WBC number is not only a sign of
inflammation in the atherosclerotic process, but might
also be an independent risk factor for cardiovascular
diseases. Follow-up data are necessary in order to as-
sess whether the WBC count can identify, since child-
hood, those subpopulations who are at higher risk.
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