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Abstract
Objective: To evaluate the relationship between markersnfarnmation markers, C-
reactive protein (CRP) and leukocytes, and stroke.
Design: A prospective clinical study.
Setting: Al-Sadr Teaching Hospital, Basrah, Iraq
Patients and Methods: In this prospective study,73 patients (42 malesZhfemales)
with acute stroke and 75 control subjects (45 mahes30 females) were included. CRP
concentration, leukocyte count, fasting blood geec@FBG), total cholesterol (TC),
triglycerides (TG ), high density lipoprotein- cheterol (HDL-C), and low density
lipoprotein-cholesterol (LDL-C) level were deterradhin patients and controls.
Results: CRP and leukocytes were significantly higher amorade patients with acute
stroke compared to controls (p<0.001). FBG, TC, @ LDL-C concentrations were
significantly higher whereas HDL-C level was sigeahtly lower among patients
compared to controls ( p<0.001). In females, CR®O(B5) and leukocytes (P<0.001)
were also significantly higher among patients imparison to controls. FBG, TC, TG
and LDL-C concentrations were significantly higherhile HDL-C level was
significantly lower among patients compared to palet(p<0.001).
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Conclusion: A significant relationship exists between CRP Bukocytes, and stroke.
This relationship could support the plausible mienflammation and infection in the
development and progression of atheroscleroti@dsand its complications.

Introduction

Stroke is the most common clinical manifestatiorc@febrovascular disease which
represent one of the clinical end points of athdesesis. It ranks among the leading
causes of death and disability world-witde.

The pathophysiology of atherosclerosis andliogascular disease (CVD) have
been extensively revolutionized with the introdaotiof new cardiovascular (CV) risk
factors beside the classical ones. Among the n&wfaictors, are infections particularly
with Chlamydia pneumoniae (C. Pneumonfa®)Helicobacter pylofi®and viruses;*°
and a wide variety of haemostatic variables inclgdelevated plasma levels of
?7olrglg)cz;isteiﬁ,l'13 C-reactive protein (CRPY;*® fibrinogert’™® and other factors.

The evidence supporting the role of inflammatiod arflammatory markers in the
pathophysiology of atherosclerosis and its clinsedjuel is now well establish&d?
Atherogenesis is essentially an inflammatory respaio a variety of risk factors, and
consequently this response may in turn resultenddavelopment of acute coronary and
cerebrovascular syndrom#s.

A diversity of inflammatory markers have beemestigated in association with
cerebrovascular disease including fibrinogeff, homocysteit??’, CRP, 282°
leukocytes®*! cytokines*™*? D-dimer®® plasminogen activator inhibitor-1 activity,
and factor VIIC® and other suggested factdts$**® The identification of the
inflammatory background of the atherosclerotic psst may provide potential
advantage in the introduction of inflammatory maskas indicators for atherogenesis
and predictors for its clinical consequente&urthermore, it has been suggested that
inflammatory and haemostatic markers may have daigiree value in ischaemic
stroke® and also, the characterization of these markedstlam identification of their
therapeutic targets may carry the potential adggnia employing effective therapeutic
interventions for cerebrovascular disedse.

This study is an attempt to evaluate the assBon between the inflammatory
markers, CRP and leukocytes, and stroke.

Patients and M ethods

In this a prospective study, conducted fronptS&mber, 1, 2005 throughout
December 2007, 73 patients with acute stroke werkeided. They were 42 males and
31 females, 35-80 years of age. They were admiteithe medical ward in Al-Sadr
Teaching Hospital, Basrah, Irag. The diagnosiscoftea stroke was based on both, the
clinical findings and the results of imaging testssin computed tomography (CT) scan
and/or magnetic resonance imaging (MRI). In additi75 apparently healthy subjects,
45 males and 30 females, 36-72 years of age, withistory of CVD, type 2 diabetes
(T2D) or hypertension were included as a corgrolp.
Blood specimen were collected in a fasting statedivided into 2 parts. The first was
anticoagulated with sodium citrate and used for ¢ésémation of leukocyte count.
Whereas serum was separated from the second plutsad for the estimation of CRP,
fasting blood glucose (FBG) and lipid profile. CBéhcentration was determined using
diagnostic kit from BioMaghreb, Tunis. FBG, totalotesterol (TC), triglycerides (TG )
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and high density lipoprotein- cholesterol (HDLJ&Yels were estimated by enzymatic
methods using kits from bioMerieux, France . Lownslty lipoprotein- cholesterol
(LDL-C) level was calculated using the followinguadion®
LDL-C = TC-( HDL-C + TC /5).

Statistical analysis was performed using Chi-so¥&)eand t-tests. P<0.05 was
considered statistically significant.

Results

The characteristics of patients with acute stra@kel controls are presented in Table
1. Body mass index (BMI) = Kg/ffP<0.01), Systolic blood pressure (SBP), (p<0.001)
and diastolic (DBP) blood pressure (p<0.001) wegaiicantly higher among male as
well as female stroke patients compared to contédthough the frequency of cigarette
smoking was higher among patients with acute stinkeither sex in comparison to
normal subjects, however, the differences werdistitally not significant (P>0.05).

As shown in Table 2. CRP and leukocytes were saamtly higher among male
patients with acute stroke compared to control9@&1). In addition FBG, TC, TG
and LDL-C concentrations were significantly higherhile HDL-C level was
significantly lower among patients compared to oargubjects (p<0.001).

The results in females are presented in Tabl8imilarly, female patients showed
significantly higher CRP and leukocytes comparedfeimale controls (P<0.05 and
P<0.001 respectively). Also, FBG, TC, TG and LDL-Encentrations were
significantly higher whereas HDL-C level was sigantly lower among patients
compared to controls (p<0.001).

Table 1. Characteristics of stroke patients and controlestbj

Characteristic Male patients Male Female Patient§y Female
(n=42) controls (n=31) controls
(n=45) (n=30)

Age (years) 56.4 (11.8) 53.1 (10.% 54.9 (9.7 gia)

BMI (Kg/m®) 26.4 (5.1)** 23.9 (3.0) 27.9 (5.5)** 24.4(3.0)
SBP (mm.Hg) || 161.3 (24.8)*] 124.9 (11.3)]| 157.6 (25.5)*** || 121.8(12.8)
DBP (mm.Hg) || 100.5(10.9)***) 83.3 (7.8) 98.4 (10.6¥*) 79.7(9.7)
Cigarette 23 (54.8%) 16 (35.6%) 3(9.7%) 2(6.7%)
smoking: n(%)

Values are expressed as mean (SD).

** 1 P<0.01 (Male patients vs male controls, feenphtients vs female controls)
***. P<0.001(Male patients vs male controls, femphgients vs female controls)
+ : X=3.282,P>0.05 D.F =1 (Male patient vs maletiis )

++ : X =0.184, P>0.05, D.F = 1 ( Female patients vsafernontrols )
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Table 2. CRP level, leukocyte count and biochemical
parameters among male stroke patients and maleotont

Parameter Patients Controls
(n=42) (n=45)

CRP (mg/l) 16.6 (13.8)*** 7.7(4.2)
Leukocytes (10L) 10.5(2.6)*** 7.4(1.9)
FBG (mg/dl) 152.5 (47.8)*** 93.9(10.1)
TC (mg/dl) 209.2 (25.4)*** 183.7(15.4)
LDL-C (mg/dl) 133.8 (24.8) *** 109.0(15.0)
TG (mg/dl) 187.8 (43.2)*** 142.3(33.2)
HDL-C (mg/dI) 37.8 (6.3)*** 46.5(6.7)

Values are expressed as Mean (SD)
*** - p<0.001

Table 3. CRP level, leukocyte count and biochemical
parameters among female stroke patients and fezoateols

Parameter Patients Controls
(n=31) (n=30)

CRP (mg/l) 13.5 (11.5)* 8.4 (4.9)
Leukocytes(18L) 10.1(2.3)*** 7.4(2.0)

FBG (mg/dl) 160.4 (41.7)* 91.6 (7.6)
TC (mg/dl) 211.7 (32.8)** 184.8(14.8)
LDL-C (mg/dI) 136.2 (36.3) *** 107.0(16.4)
TG (mg/dl) 182.6 (51.5)"* 137.1 (30.1)
HDL-C (mg/d) 39.0 (5.9)** 52.4(6.0)

Values are expressed as Mean (SD).

*: p<0.05
*** . p <0.001
Discussion

Atherosclerosis is clearly an inflammatory procegss:** It does not simply due to
lipid accumulatiorf* Also, an immune background to atheroscleroticatisehad been
proposed? All stages of the development of atherosclerotie@se may represent an
inflammatory response to injuf§. Inflammation, thrombosis and atherosclerosis are
interdependent and may represent a triad withendbmplex pathogenic process of
atherothrombosi& Cytokines and other bioactive molecules, a keytofadn
inflammation, are believed to be involved in evsigp of atherogenesis. Cytokines may
be involved in vascular inflammation and promotbs production of endothelial
adhesion molecules, proteases and other inflamgnatediators, and also, may induce
the formation of interleukin—6 which stimulate thieer to increase the production of
acute phase reactants like CRP Furthermore, it has been suggested that a link
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exists between inflammation and coagulation cascddang the evolution of
atherothrombotic disea&é.

An infective background to atherosclerotisedse has also been suggested.
Atherosclerosis is a chronic inflammatory procesy] a variety of common  chronic
infections have been proposed to contribute to timflammation of the vascular wall
that results in atheroscleroérs'® Chronic bronchitis is among those chronic infatsio
that increase the risk of strofe’ A high frequency of flu-like illnesses may also de
stroke risk factof! A recent infection has been also observed agrdfisant and
independent  risk factor for strdReFurthermore, investigators have recently found
preliminary evidence that the aggregate burderne$d chronic infections, rather than
any single organism, may contribute to atherosslerand the risk of clinical vascular
events, including ischemic strok&Moreover, it has been found th&t pneumoniae
infection may promote atherogenesis by eithedifging CRP, fibrinogen, lipid
and lipoprotein levels or by affecting macropidignction®® Stroke patients showed
an elevated antibody titer @ pneumonia.>® However, the increased levels of markers
of inflammation may represent signs of an activenic infection>*

The present study demonstrated a signifiedatation in CRP  concentrations as
well as leukocyte count among patients with actiteke in comparison to  normal
subjects, a result which is consistent with theeolmtion of otherd?>#*3This finding
focused a light on strength of the association betwmarkers of inflammation and
stroke. Inflammation can potentiate the coagulapathways via different mechanisms,
and may inhibit anticoagulant mechanisth¥hese disorders may play a crucial role in
the development of infection-associated strokba#t been suggested that inflammatory
markers, beside they are risk factors forembclerotic disease, however, they might
represent a response to other conventional CV faskors, or due to inflammatory
response as a part of the atherosclerotic prééésshaemic stroke is associated with
a transient rise in fibrinogen, leukocytes and kiytes that occurs as an acute phase
responsé&’ Inflammatory interactions that occur at the bl@siothelium interface,
involving cytokines, adhesion molecules, chemokiaed leukocytes, are vital to the
pathogenesis of tissue damage in cerebral iidartt The interacting leukocytes
which appear in the vascular intima and lumen nmayded as predictive  biomarker
for atherosclerosis and restenosis after treatv.€* Leukocytes  could serve as an
independent risk factor for all-cause mortality &mdatherosclerotic mortaliy

This study also clearly demonstrated thatiepts with acute stroke tend
toaccumulate multiple adverse CV risk factors idatg over weight, high SBP and
DBP, an elevated FBG and an abnormal lipid andplipin profile. Inflammatory
markers may have a joint effect with conventiond @sk factors resulting in an
additive CVD risk® CRP also has the capacity to interact with otisrfactors  to
increase the risk for T2D and CVD. In addition, an elevated levels of inflammgtor
markers were positively associated with insulisisence (IRf® Furthermore, a
combination of IR and inflammation resulted in a@gher degree of coronary artery
disease in both Caucasians and African Americahesd observations suggest that
inflammation may potentiate the CV risk factoderof IR>®

A diversity of Inflammatory markers were ipgadently associated with CVD and
atherothrombotic events;'®#425:33:5580-%,ith CRP considered as the best characterized
marker for CVD risk, and also, an independent iotedof future CV events as well
as stroke risk and prognosi®29°783%There is a substantial clinical evidence
suggesting that many inflammatory biomarkers ofiaceeased years in advance of first
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ever acute coronary event or thrombotic stroke, #uad these biomarkers are highly
predictive of recurrent myocardial infarction oroéte, T2D, and CV death However,
it has been proposed that CRP may not be a goodicfoe of the extent of
atherosclerotic diseadéAlso, the evidence supporting the use of CRR ssreening
test in primary prevention of stroke and CVD mayirmlequate y&t-®°

We conclude that a relationship exists between erar&f inflammation, CRP and
leukocytes and cerebrovascular disease. Such fisagrti association may focused a
light on the inflammatory basis of stroke, arldoaon the debatable role of infections
in the pathophysiology of atherosclerosis and cerglscular disease. The confirmation
of the potential and plausible role of inflammation in the pathogenesis of
atherosclerotic disease may pave the way to thesion of
anti-inflammatory drugs in the therapeutic modaitifor the clinical consequences of
atherosclerotic disease including stroke.
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