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Abstract

Object�ves: Small dense (sd) low-dens�ty l�poprote�n (LDL), tumor necros�s factor (TNF) alpha (a), and n�tr�c ox�de (NO) have recently emerged as �mportant stroke r�sk factors. The a�m
of the study was to �nvest�gate the effects of �ncreased levels of small LDL part�cle s�ze, TNF-a and NO on the developed �schem�c stroke and �ncreased carot�d artery �nt�ma-med�a
th�ckness (CIMT). Mater�als and Methods: A total of 29 women and 25 men (a total of 54 �schem�c stroke pat�ents) and a s�m�lar age group of 50 controls (29 females and 21 males)
were �ncluded �n the study. CIMT, C-react�ve prote�n (CRP), TNF-a, NO, and l�p�d subfract�on test of the two groups were measured. Results: The mean LDL part�cle s�ze was smaller �n
pat�ents w�th stroke than �n the controls (26.8 ± 0.31 nm vs. 27.0 ± 0.31 nm, P = 0.003). sd-LDL, TNF-a, NO, CRP, r�ght CIMT, and left CIMT were h�gher �n pat�ents w�th stroke than �n the
controls (respect�vely; 8.2 ± 7.8 mg/dL vs. 3.3 ± 3.5 mg/dL, P < 0.001;75.6 ± 25.0 pg/mL vs. 65.4 ± 9.1 pg/mL, P = 0.009;76.4 ± 53.3 mmol/L vs. 41.5 ± 27.0 mmol/L, P < 0.001;1.9 ± 2.6
mm vs. 0.4 ± 0.3 mm P < 0.001;0.97 ± 0.38 mm vs. 0.83 ± 0.15 mm, P = 0.007;1.04 ± 0.44 mm vs. 0.87 ± 0.19 mm, P = 0.010). Conclus�on: These results show that sd-LDL �s
�ndependently assoc�ated w�th the �nc�dence of stroke and may be a r�sk factor �n the development of stroke. In add�t�on, TNF-a, NO, r�ght CIMT, and left CIMT may be a r�sk factor �n the
development of �schem�c stroke.
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Full Text

 Introduct�on

Stroke, wh�ch �s assoc�ated w�th s�gn�f�cant mortal�ty and morb�d�ty, �s the second lead�ng cause of death worldw�de. Even though great effort has been appl�ed to decrease the r�sk factors
lead�ng to stroke, rates of stroke and �ts mortal�ty cont�nue to �ncrease. Ischem�c stroke �s the most common type of stroke. It accounts for nearly 80-90% of strokes worldw�de. [1] It �s a
complex mult�factor�al polygen�c d�sorder modulated by �nteract�ons between an �nd�v�duals' genet�c background and d�fferent env�ronmental factors. Although all r�sks lead�ng to �schem�c
stroke cannot be documented, many factors have been reported to be related to �schem�c stroke �nclud�ng age, hypertens�on (HT), d�abetes, hyperl�p�dem�a, card�ac d�sease (myocard�al
�nfarct�on, coronary artery plaque, atr�al f�br�llat�on, ventr�cular arrhythm�as, etc), smok�ng, and body mass �ndex (BMI). [2]

The extent of atheroscleros�s can be reflected by the carot�d artery, as be�ng atherothrombot�c stenos�s at the b�furcat�on of the common carot�d artery w�th extens�on �nto the external and
�nternal carot�d arter�es. [3] S�nce the carot�d artery �s supply�ng the cerebrovascular artery system, the r�sk for develop�ng �schem�c cerebrovascular d�seases as trans�ent �schem�c attack
and cerebral �nfarct�on can be pred�cted by evaluat�ng the extent of arter�oscleros�s of the carot�d artery. [4] The carot�d artery �s easy to study due to �ts superf�c�al pos�t�on and �ts relat�ve
th�ckness. It �s known that carot�d artery �nt�ma-med�a th�ckness (CIMT) measured by ultrasonography �s a non�nvas�ve and cl�n�cally useful method for evaluat�ng the extent of mature or
premature atheroscleros�s. [5]

Plasma low-dens�ty l�poprote�n (LDL) �s a powerful r�sk factor for atheroscleros�s. It cons�sts of part�cles wh�ch vary �n s�ze, dens�ty, l�p�d, prote�n compos�t�on, and receptor-b�nd�ng.
Recent stud�es have shown that small or ox�d�zed LDL can be one of the most powerful r�sk factors for develop�ng atheroscleros�s and coronary d�sease. A her�table subclass prof�le of
LDL �s assoc�ated w�th �ncreased r�sk of coronary d�sease [6] and stroke [7] �n humans and �s character�zed by a predom�nance of small dense (sd)-LDL part�cles. Meanwh�le, there are a
few l�kely mechan�sms underly�ng the assoc�at�on of l�p�ds and stroke. [8],[9] One of the most s�gn�f�cant �s presumably the effects of l�p�ds on the format�on of carot�d artery atherosclerot�c
plaque. [10] In th�s study, we have �nvest�gated whether there �s a d�fference �n CIMT, sd-LDL, tumor necros�s factor-alpha (TNF-α), and n�tr�c ox�de (NO) levels between pat�ents w�th
newly d�agnosed �schem�c stroke and pat�ents w�thout stroke.

 Mater�als and Methods

Pat�ents

A total of 54 subjects 29 females and 25 males who were brought �nto the emergency department of our hosp�tal w�th neurolog�c symptoms were adm�tted to the neurology ward w�th
d�agnosed stroke. Subjects of stroke group had pat�ents w�th d�abetes mell�tus (N = 18), HT (N = 47), card�ac d�sease [(N = 17), (prev�ous myocard�al �nfarct�on, N = 6), (coronary artery
plaque w�thout myocard�al �nfarct�on, N = 5), (heart fa�lure, N = 5), (atr�al f�br�llat�on, N = 1)], and hyperl�p�dem�a (N = 31). Add�t�onally, 14 act�ve smokers were �ncluded to the stroke
group. A control group of 50 persons (29 women, 21 men), who had appl�ed to the neurology and �nternal med�c�ne outpat�ent cl�n�c �n the hosp�tal, were enrolled �n the study. All the
pat�ents were �ncluded �n the control groups s�nce pat�ents w�thout cerebrovascular d�sease were d�agnosed by neurology spec�al�st. The pat�ents were d�agnosed low back pa�n,
m�gra�ne, headache, and chron�c d�seases (such as d�abetes, hyperl�p�dem�a, HT, card�ac d�sease, etc).

All the subjects' age, gender, BMI, blood pressure, chron�c d�seases, smok�ng, and consumpt�on of alcohol were recorded. The subjects who were younger than 45 years of age, who had
exper�enced a stroke other than �schem�c stroke, or who had a prev�ous h�story of cerebrovascular d�sease, were excluded from th�s study. The study was approved by the local eth�cs
comm�ttees and �nformed consent from each part�c�pant was obta�ned (Approval numbers: 2012/51).

Evaluat�on of carot�d atheroscleros�s
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For the measurement of CIMT, pat�ents were asked to l�e down �n the sup�ne pos�t�on, w�th heads t�lted backward. The r�ght and left arter�es were d�splayed by us�ng a 10 mHz d�rect
probe of the ultrasound (Tosh�ba Xar�o, Tokyo, Japan). A reg�on of 1 cm w�th�n the �n�t�al 2 cm of the prox�mal common carot�d artery bulb was �dent�f�ed, and an opt�mal long�tud�nal
ultrasound �mage was obta�ned. Three d�fferent measurements were taken from the poster�or wall of the artery �n the systol�c phase and the�r mean was calculated as CIMT. The
measurement was taken on both common carot�d arter�es.

Stroke analys�s

The pat�ent's bra�n magnet�c resonance was performed by 1.5 tesla by Ph�l�ps Ach�eva dev�ce (Ph�l�ps, Holland). Subtypes of �ndex stroke were determ�ned by the consensus of three
neurolog�sts (Ahmet Tufekc�, Serkan K�rbas, and Sev�m Cakmak) as follows: Ischem�c stroke of undeterm�ned et�ology, as descr�bed �n the Tr�al of Org 10172 �n Acute Stroke Treatment
study. Pat�ents w�thout �schem�c stroke were excluded from the study.

Measures of laboratory tests

All blood samples were collected �nto tubes and centr�fuged w�th 4500 rpm for 10 m�n, and the serums were stored at −30°C. The b�ochem�cal tests were performed w�th the photometr�c
assays of the Abbott Arch�tect C16000 analyzer (Abbott D�agnost�cs, USA) and the thyro�d st�mulat�ng hormone was performed us�ng the chem�lum�nescent m�cropart�cle �mmunoassay
method of the Abbott Arch�tect I 2000 �mmunology analyzer (Abbott D�agnost�cs, USA). The C-react�ve prote�n (CRP) test was performed w�th the nephelometr�c method of the Coulter
Image 800 dev�ce (Beckman, USA). L�p�d subfract�on test was performed w�th the Quant�metr�x l�popr�nt system LDL subfract�on k�t (USA). L�popr�nt system �s a l�near, polyacrylam�de gel
electrophores�s system.

Measures of TNF-α

The concentrat�on of TNF-α was measured us�ng enzyme-l�nked �mmunosorbent assay (ELISA) method. We used commerc�ally ava�lable human TNF-α ELISA k�t (Abcam, Un�ted
K�ngdom). The procedure for the ELISA method was accord�ng to the �nstruct�ons prov�ded by the manufacturer. Absorbance was measured at a wavelength of 450 ηm us�ng ELISA
reader. The levels of TNF-α are presented as ng/mL. The �ntraassay and �nterassay coeff�c�ent of var�at�on were 4.9% and 7.0%, respect�vely. The l�m�t of detect�on (LOD) for the TNF-α
assay was 15 pg/mL.

Measures of NO

The concentrat�on of NO was measured us�ng color�metr�c assay method. We used commerc�ally ava�lable NO k�t (Cayman Chem�cal Company, USA). The procedure for the color�metr�c
method was accord�ng to the �nstruct�ons prov�ded by the manufacturer. Absorbance was measured at a wavelength of 540 ηm us�ng reader. The levels of NO are presented as μM
(μmol/L). The �ntraassay and �nterassay coeff�c�ent of var�at�on were 2.7% and 3.4%, respect�vely. The LOD for the NO assay was 2.5 μM.

Stat�st�cal analys�s

The results were reported as the mean ± standard dev�at�on. The data analys�s was performed us�ng the stat�st�cal software SPSS for W�ndows (vers�on 13.1; SPSS, Ch�cago, IL, USA).
All the results were analyzed by apply�ng the Kolmogorov-Sm�rnov for the determ�nat�on of both normal and abnormal data d�str�but�on. The stat�st�cal s�gn�f�cance of the d�fferences �n all
the parameters between the stroke and the control groups was analyzed us�ng the �ndependent sample t-test for normal d�str�but�on parameters and Mann-Wh�tney U tests for creat�n�n,
h�gh-dens�ty l�poprote�n (HDL), tr�glycer�de (TG), CRP, NO, and sd-LDL. The level of CIMT, sd-LDL, and mean LDL part�cle s�ze were �nvest�gated by mult�var�ate analys�s. Subgroup's
analyses for gender were done by Nested Anova, followed by Bonferron� analys�s. The relat�onsh�p between the var�ables was analyzed w�th the Pearson's correlat�on. The d�fferences
were cons�dered s�gn�f�cant at P < 0.05.

 Results

The mean age of the stroke group was 71 ± 10 years, the BMI was 30.5 ± 6.7 kg/m 2 , and the average r�ght CIMT was 0.97 ± 0.38 mm and left CIMT was found to be 1.04 ± 0.44 mm.
The mean age of the control group was 69 ± 8 years, the BMI was 29.5 ± 6.8 kg/m 2 , and the average r�ght CIMT was 0.83 ± 0.15 mm (P = 0.007) and the left CIMT was found to be
0.87 ± 0.19 mm (P = 0.010). The pat�ent's demograph�c data, blood pressures, and CIMT measurements are shown �n [Table 1].{Table 1}

In the stroke group, the level of sd-LDL was 8.2 ± 7.8 mg/dL, the mean LDL was 26.8 ± 0.31 nm, the TNF-α was 75.6 ± 25.0 pg/mL, NO was 76.4 ± 53.3 μmol/L, and the CRP was 1.9 ±
2.6 mg/dL, and �n the control group, the level of sd-LDL was 3.3 ± 3.5 mg/dL (P = 0.001), the mean LDL was 27.0 ± 0.31 nm (P = 0.003), the TNF-α was 65.4 ± 9.1 pg/mL (P = 0.009),
NO was 41.5 ± 27.0 μmol/L (P = 0.001), and the CRP was 0.4 ± 0.3 mg/dL (P = 0.001). The sd-LDL levels of the stroke pat�ents w�th carot�d plaque subgroups were h�gher than that of
the control group w�th carot�d plaque subgroups (11.5 ± 7.5 mg/dL, 3.5 ± 4.2 mg/dL, P < 0.001, respect�vely). All the b�ochem�cal results of the pat�ents are g�ven �n [Table 2]. The sd-LDL
levels of the stroke pat�ents w�th carot�d plaque subgroups were h�gher than that of the stroke pat�ents w�thout carot�d plaque groups (11.5 ± 7.5 mg/dL, 5.4 ± 5.2 mg/dL, P = 0.004,
respect�vely).{Table 2}

Compar�son of all subjects (stroke plus control) accord�ng to the presence of carot�d plaque those w�th plaque had h�gher sd-LDL level and lower mean LDL level than pat�ents w�thout
plaque (for sd-LDL, 8.1 ± 7.4 mg/dL, 4.6 ± 4.7 mg/dL, P = 0.007; for mean LDL, 26.7 ± 0.2 nm, 26.9 ± 0.3 nm, P = 0.037, respect�vely).

By Pearson's correlat�on analys�s, there was pos�t�ve correlat�on among r�ght CIMT (r = 0.353, P < 0.001), left CIMT (r = 0.312, P = 0.001), TNF-α (r = 0.250, P < 0.011), compared w�th
sd-LDL. There was negat�ve correlat�on among r�ght CIMT (r2 = 0.564, P < 0.001), left CIMT (r2 = 0.361, P < 0.001), TNF-α (r2 = 0.046, P < 0.028), NO (r2 = 0.184, P < 0.001), sd-LDL
(r2 = 0.067, P = 0.008) compared w�th mean s�ze LDL part�cle. There was pos�t�ve correlat�on among r�ght CIMT (r = 0.296, P < 0.002), left CIMT (r = 0.288, P = 0.003) compared w�th
TNF-α. There was pos�t�ve correlat�on among r�ght CIMT (r = 0.540, P < 0.001), left CIMT (r = 0.557, P < 0.001) compared w�th NO.

A mult�ple log�st�c regress�on analys�s showed that sd-LDL [odds rat�o (OR): 0.4, 95% conf�dence �nterval (CI): 0.237-0.837, P = 0.012) and mean s�ze LDL part�cle (OR: 8.5, 95% CI: 2.6-
9.4, P = 0.027) are an �ndependent r�sk factor for stroke. All the results of log�st�c regress�on analys�s are shown [Table 3].{Table 3}

When the test populat�on were d�v�ded �nto the subgroups stroke males, control males, stroke females, and control females; sd-LDL, r�ght and left CIMT �n female and male of stroke
groups were h�gher than female and male of control groups. All result of subgroups are shown �n [Table 4]. When the test populat�on were d�v�ded �nto the subgroups stroke HT, control
HT, stroke free of HT, and control free of HT; sd-LDL, r�ght and left CIMT �n both HT groups were h�gher than both free of HT groups. All results of subgroups are shown �n [Table 5].{Table
4}{Table 5}

 D�scuss�on

In the current study, the control group was selected to have s�m�lar age, gender, and BMI w�th the stroke group. D�ameters of the r�ght and left CIMT, sd-LDL, CRP, and TNF-α levels of
stroke group was found to be strongly h�gher than the control group. The mean s�ze LDL part�cle of pat�ents w�th stroke was lower than control groups. Our results �nd�cate that the sd-
LDL fract�on of total LDL �s s�gn�f�cantly assoc�ated w�th stroke and mean s�ze LDL �s s�gn�f�cantly �nverse assoc�ated w�th stroke. Bes�des trad�t�onal r�sk factors for stroke such as age,
obes�ty, smok�ng, CIMT, hypertens�on, d�abetes mell�tus, low HDL, h�gh LDL, our mult�ple log�st�c regress�on analys�s showed a s�gn�f�cant correlat�on between sd-LDL and stroke. The
analys�s showed that a s�gn�f�cant �nverse correlat�on between mean s�ze LDL part�cle and stroke.

Both groups �n the study �nclude subjects mostly w�th chron�c d�seases such as HT, coronary artery d�sease, d�abetes mell�tus, hyperl�p�dem�a, hypothyro�d�sm, per�pheral vascular
d�sease, and chron�c obstruct�ve pulmonary d�sease. It �s well-known that th�ckness of CIMT and the r�sk of stroke are �ncreased w�th the ex�stence of these d�seases. [11],[12] The carot�d
artery atheroscleros�s also may result �n cerebral embol�zat�on and symptoms of cerebral �schem�a, wh�ch may lead to stroke. [13] These f�nd�ngs may �nd�cate that CIMT, TNF-α, NO and
sd-LDL, are factors �n the development of stroke. The �nflammat�on processes w�th�n the wall of the artery were found to play a cr�t�cal role �n the atherogenes�s, and the spec�f�c �mmune
responses may affect these processes. Progress�ve atherothrombot�c processes, lead�ng to �schem�c stroke, card�ovascular events, or renal fa�lure are respons�ble for many premature
deaths �n developed countr�es.

CIMT �nd�cates the atherosclerot�c process and many prospect�ve stud�es have shown that CIMT �s an �ndependent pred�ctor for the r�sk of �nc�dent stroke and myocard�al �nfarct�on. [14]
In the prev�ous study, the pro�nflammatory cytok�nes TNF-α and CRP were found to have a part �n the process of plaque destab�l�zat�on and plaque rupture. [15] The relat�onsh�p between
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these cytok�nes and CIMT �s well-known. [16] In th�s study, the levels of TNF-α and CRP were found to be h�gh �n the stroke pat�ents. The h�gh levels of these markers �n pat�ents w�th
stroke �nd�cate the fast atherosclerot�c process �n these pat�ents. The d�ameter of CIMT was found correspond�ngly to be h�gher pat�ents w�th stroke than control groups. In add�t�on,
prev�ous study reported that sd-LDL was strongly assoc�ated w�th CIMT. [17] Our study showed that pat�ents w�th carot�d plaque had h�gher sd-LDL level and lower mean LDL than
pat�ents w�thout carot�d plaque. Current study showed that sd-LDL was strongly assoc�ated w�th CIMT d�ameter sd-LDL may contr�bute to the format�on of carot�d plaque. As a result of
�ncreased CIMT and sd-LDL, the r�sk of stroke may be ra�sed.

NO �s an �mportant b�omarker of �nflammat�on and ox�dat�ve stress. NO �s a major vasod�lator released by the endothel�um and �s generated as a result of the enzymat�c act�v�ty of
endothel�al NO synthase (eNOS), wh�ch �s cont�nuously expressed. [18] Many stud�es conducted on both humans and an�mals have shown a relat�onsh�p between elevated eNOS and
atheroscleros�s. S�nce eNOS plays an �mportant role �n the funct�on of ve�ns and excess�ve NO product�on may be a factor �n the development of atheroscleros�s. [19] It has been
suggested that CRP may affect the NO pathway. Prev�ous stud�es have shown that there �s an assoc�at�on w�th NO w�th �nflammat�on, endothel�al dysfunct�on, and ox�dat�ve stress that
can lead to atheroscleros�s. [20] Bacc� et al., [21] have shown that TNF-α and NO may lead to atherosclerot�c plaques �n the arter�al wall. Rajeshwar et al., [22] have shown that
�ncreased levels of CRP and NO to be assoc�ated w�th �schem�c stroke. In our study also, TNF-α, NO, and CRP were found to be h�gher �n the stroke group, and these f�nd�ngs are �n
parallel w�th prev�ous stud�es.

Dysl�p�dem�a contr�butes to the development of atheroscleros�s. [23] The levels of blood l�p�ds, espec�ally LDL and decreased HDL, have been s�gn�f�cantly assoc�ated w�th an �ncreased
r�sk of card�ovascular d�sease and stroke related. [24],[25] Among several poss�ble mechan�sms underly�ng the assoc�at�on of l�p�ds and stroke [8],[9] one of the most �mportant may be
the effects of l�p�ds on the format�on of the carot�d artery atheroscleros�s. [10] Pat�ents w�th h�gher sd-LDL are h�ghly vulnerable to the development of accelerated atheroscleros�s as well
�ts cl�n�cal sequelae, �nclud�ng coronary artery d�sease and myocard�al �nfarct�on, carot�d artery d�sease and �schem�c stroke. sd-LDL and mean s�ze LDL part�cle may some correlate to
�ncreased r�sk of stroke development. It �s �nexpl�c�t, however, whether sd-LDL's �nfluence on stroke development �s dependent on any other factors, �nclud�ng changes �n l�poprote�ns and
l�p�d parameters. In the current study, wh�le the LDL level was s�m�lar �n both groups, the sd-LDL level was h�gher and mean s�ze LDL lower �n the stroke group. Th�s may be one factor
that may contr�bute to the stroke process. In summary, LDL part�cle s�ze was smaller among stroke pat�ents and correlated w�th the pro�nflammatory cytok�nes and CIMT. The present
study demonstrates that sd-LDL levels are strongly assoc�ated w�th stroke, are �ndependent of trad�t�onal stroke r�sk factors, and are related to the CIMT. Sd-LDL and mean s�ze LDL are
strongly r�sk factors for stroke.

A relat�onsh�p has been found �n prev�ous stud�es between l�poprote�n remnants such as chylom�cron and very LDL and stroke. [26] In another study, a relat�onsh�p was d�scovered
between l�poprote�n and carot�d atheroscleros�s �n young stroke pat�ents. [27] S�nce th�s study was conducted on young stroke pat�ents, �t strongly reflects the relat�onsh�p between the
stroke and l�p�d subfract�on. In add�t�on, Hosh�de and Kar�o [7] reported that l�p�d subfract�on to be a r�sk factor for s�lent cerebral �nfarct�on. LDL �s composed of heterogeneous part�cles
that d�ffer �n s�ze, compos�t�on, and electr�cal charge. sd-LDL, ox�dat�ve mod�f�ed LDL, glycated LDL, and d�asylated LDL are qual�tat�vely mod�f�ed forms of LDL that have been shown to
ex�st �n human plasma and to be all atherogen�c. [28] In the current study, sd-LDL (subtype 3-7) was found to be h�gh �n stroke pat�ents. sd-LDL was found to be strongly assoc�ated w�th
CIMT d�ameter and the r�sk of stroke. Wh�le LDL level was s�m�lar �n both groups, sd-LDL was found to be h�gher �n the stroke group, wh�ch �nd�cates that the LDL subfract�on may be a
pred�ctor for the r�sk of stroke �n pat�ents. In add�t�on, CIMT, TNF-α, NO, and CRP levels are strongly correlated sd-LDL levels �n pat�ents w�th stroke. In add�t�on, accord�ng to subgroups
analys�s shown that both female and male of stroke groups were h�gher sd-LDL levels than female and male of control groups. Th�s f�nd�ng shows that sd-LDL �s a r�sk factor for the
development of stroke.

In add�t�on, �n the stroke group, there were 14 act�ve smokers (13 male 1 female). As th�s may accelerate the atherosclerot�c process, �t can also expla�n the �ncrease �n CIMT.
Inflammatory markers and LDL ox�dat�ons are �ncreased �n smokers. In prev�ous stud�es CIMT and pro�nflammatory cytok�nes have been found to be assoc�ated w�th smok�ng. [29] On
the contrary, the number of hypertens�ve pat�ents �n the stroke group was s�gn�f�cantly h�gh. The assoc�at�on of HT w�th CIMT and stroke �s well-known. Accord�ng to subgroups analys�s
for HT shown that both stroke HT and control HT groups were h�gher sd-LDL levels, r�ght and left CIMT than free of HT of stroke and control groups. Th�s f�nd�ng shows that sd-LDL may
be a r�sk factor for the development of HT and stroke.

L�m�tat�on of study

The l�m�ted number of subjects �n our study may not reflect the populat�on. However, �t �s �n parallel w�th the prev�ous stud�es. Both groups had a low number of pat�ents w�thout chron�c
d�seases; th�s may be due to the �ncreased �nc�dence of chron�c d�seases w�th �ncreas�ng age. The probab�l�ty of a pat�ent �n a selected age group to be w�thout chron�c d�sease �s
relat�vely low. Other factors that may lead to stroke have not been �nvest�gated such as phys�cal act�v�t�es, eat�ng hab�ts, hyperhomocyste�nem�a, and hypercoagulab�l�ty. Exclud�ng all
other strokes �n wh�ch, LDL subtypes was not �nvest�gated, only pat�ents w�th �schem�c stroke were �ncluded �n the study. Elderly pat�ents w�th stroke were �ncluded �n the study; the effect
of LDL subtypes on the et�ology of stroke �n younger ones was not �nvest�gated. There �s a need for stud�es of a large group on th�s subject.

 Conclus�on

We demonstrated that pat�ents w�th stroke have markedly �ncreased CIMT compared w�th healthy part�c�pants. Th�s observat�on can be expla�ned by the �ncreased sd-LDL concentrat�on.
In sp�te of normal LDL �n stroke pat�ents, sd-LDL was h�gher when compared to controls. Pat�ents w�th stroke had h�gher levels of pro�nflammatory cytok�nes such as CRP and TNF-α,
NO than �n the control group. Bes�des other r�sk factors, sd-LDL may be an �mportant factor �n the development of stroke.
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