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Background. As the availability and quality of imaging techniques improve, more and more patients are identified with no 
history of transient ischaemic attack or stroke in whom imaging shows brain infarcts. Clinical silent vascular cerebral lesions (CSVCL) 
include asymptomatic brain infarction, white matter hyperintensities and brain atrophy. The impact of CSVCL as cerebrovascular risk 
factors on brain injury increases the likelihood of later life dementia. Cerebrovascular risk factors of stroke, such as hypertension, heart 
disease, diabetes, eating habits, obesity, smoking and alcoholism, are obvious in medical practise. CSVCL also increases the risk of 
stroke. The blood’s properties are responsible for proper tissue perfusion of the brain.
Objectives. Analysis of the different biochemical parameters of blood in women and men with CSVCL.
Material and methods. 45 patients were evaluated. CSVCL was diagnosed by means of magnetic resonance imaging. All patients had 
blood count, blood sugar, urea, creatine serum, thyroid tests, liver tests, lipid profile, fibrinogen, IgM, IgG, IgA and albumin/globulin 
ratio (A/G) performed. The control group (39 people) had no such symptoms in the central nervous system. Biochemical tests of blood 
were perform according to routine procedures – automatic analysis in a hospital laboratory.
Results. There were observed lower values of haematocrit and IgA, and higher of ERS and IgM were observed more in the group of 
women than men, as well as there being a higher value of IgA and a lower albumin/globulin indicator in women with CSVCL.
Conclusions. The analysis of the results collected for women and men indicates the existence of different mechanisms of CSVCL oc-
currence.
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Background

As the availability and quality of  imaging techniques  im-
prove, more and more patients are identified with no his-
tory of  transient ischaemic attack  or  stroke  in whom imaging 
shows  brain infarcts or vascular cerebral lesions. T he brain 
constitutes only 2% of body weight, but it is supplied by 15% 
of the total blood volume and consumes 20% oxygen at rest. 
It has a high metabolic activity, which is possible thanks to the 
intensive localised blood flow. Proper blood perfusion protect 
the central nervous system against injury. Blood flow disorders 
of cerebral circulation underlie the pathophysiology of vascular 
diseases of the brain [1, 2]. These include ischemic stroke, tran-
sient ischemic attack and, recently, more frequently diagnosed, 
clinically silent vascular cerebral lesions (CSVCL) or asymptom-
atic cerebrovascular brain injury, which have been recognised 
as an important problem in neurology [2–4]. Most silent in-
farcts are  lacunes, of which hypertensive small-vessel disease 
is thought to be the main cause. Although silent infarcts, by 
definition, lack clinically overt stroke-like symptoms, they are 
associated with subtle deficits in physical and cognitive func-
tion that commonly go unnoticed. Moreover, the presence of 
silent infarcts increases the risk of subsequent stroke and de-
mentia [1, 5]. The blood’s properties are responsible for proper 

tissue  perfusion of the brain. Pathological levels of the blood 
morphological components can change blood flow [6, 7]. Blood 
flow is also associated with abnormalities of blood biochemical 
parameters [8–12]. Many studies have highlighted the prognos-
tic importance of various laboratory parameters and gender in 
vascular lesions of the central nervous system [13–15]. 

Objectives

The aim of the study was the analysis of the different bio-
chemical parameters of the blood in women and men with  
CSVCL. 

Material and methods

This was a  single-centre retrospective study of adult pa-
tients of the neurological ward hospitalised due to problems 
related to the nervous system. 84 patients were evaluated and 
divided into 2 groups:

•	 45 (24 women, 21 men, aged 37–78 years) with isch-
emic changes – silent vascular cerebral lesions which 
were diagnosed by means of MRI. The selection cri-
teria included: no history of psychiatric or neurologi-
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cal diseases, including transient ischemic attack and 
stroke, silent brain infarcts in MRI defined as focal T2 
hyperintensities ≥ 3 mm without corresponding focal 
symptoms,

•	 39 (19 women, 20 men, aged 36–75) who did not have 
any ischemic lesions of the brain in the central nervous 
system (CNS) in MRI – control group. The other selec-
tion criteria were the same as for the study group.

The blood parameters and rheological values can be affect-
ed by many extra factors. To minimalise incorrect outcomes, the 
exclusion criteria for both groups were defined as follows:

•	 acute or chronic infections and neuroinfections (e.g. 
sinusitis, inflammation of the urinary tract, hepatitis, 
borreliosis),

•	 implanted artificial valves or implantable cardioverter 
defibrillator (ICD),

•	 any history of transient ischemic attack (TIA) or cere-
brovascular accident (CVA),

•	 ischemic lesions possibly resulting from iatrogenic 
causes (i.e. diagnostic or interventional angiography, 
carotid endarterectomy, stenting or cardiac surgery),

•	 severe cardiac problem (atrial fibrillation, myocardial 
infarction, endocarditis, cardiomyopathy).

The screening system included a medical and neurological 
examination, head MRI scans and blood tests. A detailed history 
of symptoms of stroke or TIA in the past were also taken. All MRI 
scans were done on a Siemens Magnetom Vision 1.5-T whole-
body MR scanner. T1- and T2-weighted (T1W, T2W) imaging and 
fluid-attenuated inversion recovery (FLAIR), spin echo (SE), fast 
spin echo (FSE) and turbo spin echo (TSE) sequence MRI were 
performer. The magnetic resonance images were analysed by 
a  radiologist blinded to the clinical data. Blood investigations 
included haemoglobin, total leukocyte count, platelet count, 
Erythrocyte sedimentation rate (ESR, called also OB), glucose, 
urea, creatinine, sodium, potassium, serum cholesterol, choles-
terol, fibrinogen, bilirubin, aspartate aminotransferase (SGOT), 
alanine aminotransferase (SGPT), albumin, as well as globulin, 
albumin/globulin ratio (A/G), IgM, IgG, IgA. Biochemical values 
were separately analysed in all subgroups of men and women. 
The haematological and biochemical investigations were car-
ried out in the laboratories of the hospital according to routine 
procedure, using standard commercial reagent kits. Statistical 
analysis included a comparison of the mean results of chosen 
biochemical parameters. The mean values were analysed using 
the t-test between men and women with CSVCL, as well as be-
tween women and men from the control group and the study 
group separately. All results can be found in Tables 1, 2 and 3.

The studies were approved by the Bioethics Committee of 
Poznan University of Medical Sciences (No. 1012-1009).

Results 

The results of the measurements are different in the differ-
ent subgroups depending on the gender. The comparisons of 
the biochemical parameters obtained in the groups of men and 
women are presented in Table 1.

There were observed differences between the group of 
women and men in haematocrit (p < 0.001). Other differences 
between these two subgroups were observed in the values of 
some biochemical parameters: fibrinogen, IgM and IgA level, 
ESR (p < 0.028, p < 0.001 and p < 0.016, respectively). The IgM 
levels were also different between the group of the control men 
and men with CSVCL (p < 0.004). ESR was on the borderline (p = 
0.05). The biochemical parameter values in the group of women 
from the control group and women or men with clinically silent 
vascular cerebral lesions are presented in Table 2 and 3 respec-
tively.

Table 1. Comparison of the biochemical values between men 
and women with clinically silent vascular cerebral lesions
Parameter Group of 

women  
n = 24

Group of 
men 
n = 21

p

Fibrinogen (mmol/l) 3.44 ± 0.12 4.06 ± 0.27 0.028
IgM 1.13 ± 0.09 0.71 ± 0.07 0.001
IgG 9.5 ± 0.4 9.3 ± 0.3 –
IgA 2.2 ± 0.1 2.7 ± 0.2 0.016
ESR 12 ± 1 8 ± 2 0.05
Albumin/globulin 1.56 ± 0.05 1.58 ± 0.06 –
Glucose (mmol/l) 5.45 ± 0.3 5.85 ± 0.3 –
Cholesterol (mmol/l) 5.4 ± 0.2 4.9 ± 0.2 –
Hct 41.50 ± 0.3 44.7 ± 0.7 0.00001

Table 2. Biochemical parameter values in the group of women 
from the control group and women with clinically silent vascu-
lar cerebral lesions
Parameter Group of 

control 
women 
n = 19

Group of 
women 
n = 24

p

Fibrinogen (mmol/l) 3.1 ± 0.4 3.44 ± 0.12 –
IgM 1.4 ± 0.1 1.12 ± 0.08 –
IgG 8.9 ± 0.5 10.5 ± 0.4 –
IgA 1.8 ± 0.1 2,2 ± 0.1 0.06
OB (ESR) 11 ± 2 13 ± 1 –
Albumin/globulin 1.8 ± 0.1 1.56 ± 0.04 0.01
Glucose (mmol/l) 5.2 ± 0.1 5.4 ± 0.2 –
Cholesterol (mmol/l) 5.3 ± 0.2 5.3 ± 0.2 –
Hct 41.0 ± 0.5 41.50 ± 0.3 –

Table 3. Biochemical parameter values in the group of men 
from the control group and women with clinically silent vascu-
lar cerebral lesions
Parameter Group of 

control men 
n = 20

Group of 
men 
n = 21

p

Fibrinogen (mmol/l) 3.9 ± 0.7 4.05 ± 0.28 –
IgM 1.4 ± 0.1 0.70 ± 0.06 0.004
IgG 10 ± 1 10.3 ± 0.6 –
IgA 2.8 ± 0.1 2.7 ± 0.2 –
ESR 9 ± 2 9 ± 2 –
Albumin/globulin 1.5 ± 0.1 1.58 ± 0.05 –
Glucose (mmol/l) 5.05 ± 0.09 5.3 ± 0.1 –
Cholesterol (mmol/l) 5.2 ± 0.1 5.8 ± 0.2 –
Hct 44.61 ± 0.45 44.7 ± 0.7 –

Discussion

CSVCL, or silent brain infarcts, are detected in 20% of healthy 
elderly people and up to 50% of patients in a selected series. 
Most of such lesions are lacunes, of which cerebral small-vessel 
disease is thought to be the main cause. Apart from lacunar in-
farcts, CSVCL is also characterised by white matter lesions, en-
larged perivascular spaces and cerebral microbleeds [5]. In spite 
of a lack of clinically overt stroke-like symptoms, silence infarcts 
are associated with subtle deficits in physical and cognitive 
function that commonly go unnoticed. Therefore, in patients 
with CSVCL, carefully monitoring and treating risk factors (hy-
pertension and others) may provide a benefit by preventing not 
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only stroke, but also cognitive impairment [16]. Moreover, the 
presence of CSVCL more than doubles the risk of subsequent 
stroke and dementia. Awareness related to the risk factors, par-
ticularly the modifiable ones, is of crucial importance in general 
practice and may improve early and long-term prognosis. The 
general practitioner may play an important role in the preven-
tion of ischemic stroke by informing the patient about the pres-
ence of CSVCL [17]. Disorders of blood flow in the blood vessels 
of the brain lead to clinically silent ischemic lesions of the brain 
[3]. Blood flow is associated with blood physicochemical param-
eters and some biochemical parameters [6–10]. It is a subject 
of hemorheology, which is more and more often becoming in-
teresting to researchers studying impairments related to blood 
flow disturbances. Abnormalities of blood flow depend on the 
properties of plasma, the blood morphological components and 
biochemical parameters [6, 7].

The haematocrit value is one of the parameters which de-
termined the blood viscosity [8, 9, 18]. It caused higher blood 
viscosity for all shear rates in the group of men. A comparison 
between the groups of men and women shows a lower value of 
haematocrit in the group of women. Such a result is compatible 
with the influence of the haematocrit value on blood viscos-
ity [12]. Changes in haematological parameters at the onset of 
stroke play an important role in altering the cerebral blood flow. 
Członkowska and Bhatia demonstrated the importance of hae-
matocrit as a predictive factor for 30-day fatality [19, 20]. From 
the comparison of biochemical parameters between groups of 
men and women (Table 1), blood viscosity was significantly cor-
related with fibrinogen levels. Blood viscosity elevation associ-
ated with an increased fibrinogen level was more pronounced in 
the high haematocrit group [21]. Plasma-fibrinogen concentra-
tions were significantly higher in men. Elevation of haematocrits 
was found to be more important in the elevation of blood vis-
cosity than an increase in fibrinogen levels. The normal concen-
tration of glucose is 3.9 to 5.5 mmol/L. In the study, the levels 
of glucose were similar, but it is known that an elevated blood 
glucose concentration has been implicated as a poor prognostic 
factor for cerebral ischemia and haemorrhaging [20]. In diabet-
ics, ischemic strokes are often associated with large infarct size 
and poor outcome due to decreased autoregulation and chang-
es in blood coagulability. Even in non-diabetic patients with hy-
perglycaemia, the size of the lesion and neurological deficit are 
worse [22]. Therefore, it is worth evaluating this parameter in 
patients, especially those with CSVCL. What is important is an 
easy test for general practitioners to carry out. We could not 
observe any differences of electrolyte estimations, creatinine 
or urea, but high creatinine usually significantly affects blood 

flow in the vessels of the brain. Woo et al. have demonstrated 
that higher plasma urea and creatinine levels are associated 
with more severe stroke [23]. Liver function and globulin levels 
were found to be significantly associated with vessel changes 
in the brain. I t is known that a  low albumin/globulin ratio can 
predispose recurrent strokes [24]. In the group of women, albu-
min/globulin levels were lower. Such a result is compatible with 
literature [20, 25], where it was shown that a lower level of the 
albumin/globulin parameter is a risk factor for the occurrence 
of CSVCL.

Serum lipids have been linked to a higher risk of ischemic 
stroke [20].  An inverse association exists for total cholesterol 
and cerebral haemorrhaging. In a study, cholesterol levels were 
seen to be similar in men and women. It is known that large 
protein molecules, such as immunoglobulins, increase blood 
viscosity. It was found that the IgM value was lower in the group 
of men. Lower values of IgA and higher levels of the ESD  pa-
rameter were also observed in the group of women (p < 0.05). 
The high immunoglobulin level, as well as fibrinogen level, cor-
respond with the aggregation of erythrocytes [23]. Another in-
teresting observation is the higher value of IgA and the lower 
value of the fibrinogen level and albumin/globulin indicator in 
the group of women with CSVCL (Table 3). Such a result could 
be very interesting for interpretation of the higher inclination to 
aggregation in the group of women (Table 1). 

Limitations that can affect the study include bias in subject 
selection. Coexisting diseases, such as migraine, cardiovascular 
disease, autoimmune diseases – Lupus erythematosus, meta-
bolic syndrome, as well as higher rates of smoking and alcohol 
consumption, could be associated with CSVCL, but the men-
tioned factors were not analysed [26]. The study group was 
small, so it is difficult to draw wide and reliable conclusions. As 
a result, further studies are obviously needed for more detailed 
conclusions.

Conclusions

The results of this study indicate that the group of men was 
characterised by a higher blood viscosity value, which is related 
to a higher haematocrit value. In the group of women, a higher 
tendency of erythrocytes aggregation was found. 

The analysis of the results collected for the groups of women 
and men showed different levels of the biochemical parameters 
of blood and might indicate the existence of different mecha-
nisms of CSVCL occurrence in these two groups, but more stud-
ies are needed in order to confirm the results from the study.
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Conflicts of interest: The authors declare no conflicts of interest.

References

1.	 Vermeer SE, Longstreth WT, Koudstaal PJ. Silent infarcts: a systematic review. Lancet Neurology 2007; 6(7): 611–619.
2.	 Vermeer SE, Heijer T, Koudstaal PJ, et al. Incidence and risk factors of silent brain infarcts in the population – based Rotterdam Scan 

Study. Stroke 2003; 34: 392–396.
3.	 Lowe G, Rumley A, Whincup PH, et al. Hemostatic and rheological variable and risk of cardiovascular disease. Semin Vasc Med 2002; 

2(4): 429–439.
4.	 Yoshiyasu T, Kiyoto S, Masaya K, et al. Hemorheologic profile of plasma fibrynogen and blood viscosity from silent to acute and chronic 

cerebral infarctions. J Neurol Sci 1997; 147(1): 49–54.
5.	 Debette S, Schilling S, Duperron M, et al. Clinical significance of magnetic resonance imaging markers of vascular brain injury: a system-

atic review and meta-analysis. JAMA Neurol 2019; 76(1): 81–94.
6.	 Ott E. The clinical importance of haemorheological alteration in cerebrovascular disease. In: Gotoh F, Lechner H, eds. Clinical Haemorhe-

ology: a new approach to cerebrovascular disease. London: Royal Society of Medicine Services Limited; 1986: 25–32.
7.	 Quemada D. Blood rheology and its implication in flow of blood. In: Rodkiewicz CM, ed. Arteries and arterial blood flow. Vien–New York: 

Springer Verlag; 1983: 1–127.
8.	 Lerche D, Bämler H, Kucera W, et al. Flow properties of blood and hemoreological methods of quantification. In: Scütt W, Klinkmann H, 

Lamprecht I, et al., eds. Physical characterization of biological cells. Basic research and clinic relevance. Berlin: Verlag Gesundheit GmbH; 
1991: 189–214.

9.	 Chmiel H. Determination of blood rheological parameters and clinical application. Advances in Cardiovascular Physics 1979; 3: 1–44.



B. Maciejewska et al. • Parameters of patients with vascular cerebral lesions

Fa
m

ily
 M

ed
ic

in
e 

&
 P

rim
ar

y 
Ca

re
 R

ev
ie

w
 2

02
0;

 2
2(

3)

211

10.	 Schmid-Schönbein H, Rieger H, Fischer T. Blood fluidity as a consequence of red cell fluidity: flow properties of blood and flow behavior 
of blood in vascular diseases. Angiology 1980; 31: 301–319.

11.	 Dintenfass L. Blood as a near “ideal” emulsion: a retrospective on the concept of the red cell as a fluid drop, its implications for the 
structure of the red cell membrane. Biorheology 1990; 27: 149–161.

12.	 Baskurt OK, Hardeman MR, Rampling MW, et al. Handbook of hemorheology and hemodynamics. Amsterdam, Berlin, Oxford, Tokyo, 
Washington (DC): IOS Press; 2007.

13.	 Woo E, Chan YW, Yu YL, et al. Admission glucose level in relation to mortality and morbidity outcome in 252 stroke patients. Stroke 
1988; 19: 185–191.

14.	 Kochanek PM, Hallenbeck JM. Polymorphonuclear leucocytes and monocytes/macrophages in the pathogenesis of cerebral ischemia 
and stroke. Stroke 1992; 23: 1367–1379

15.	 Chamorro A, Vila N, Ascaso C, et al. Early prediction of stroke severity. Role of erythrocyte sedimentation rate. Stroke 1995; 26: 
573–576.

16.	 Liu Y, Dong Y-H, Lyu P-Y, et al. Hipertension-induced cerebral small vessel disease leading to cognitive impairment. Chin Med J (Engl) 
2018; 131(5): 615–619.

17.	 Molisz A, Gutknecht P, Trzeciak B, et al. Ischemic stroke in general practice – risk factors, prognosis – prospective single center study. 
Fam Med Prim Care Rev 2016; 18(3): 298–301.

18.	 Marcinkowska-Gapińska A, Kowal P. Hemorheological studies of chosen clinical cases. J Med Sci 2015; 84(3): 197–200.
19.	 Czlonkowska A, Ryglewicz D, Lechowicz W. Basic analytical parameters as the predictive factors for 30 day case fatality rate in stroke. 

Acta Neurol Scand 1997; 95: 121–124.
20.	 Bhatia RS, Garg RK, Gaur S, et al. Predictive value of routine hematological and biochemical parameters on 30-day fatality in acute 

stroke. Neurol India 2004; 52(2): 220–223.
21.	 Wasilewski J, Poloński L. Importance of fibrinogen and the rheological properties of blood in atherosclerosis and coronary artery dis-

ease. Chor Serca Naczyń 2010; 7(2): 62–71.
22.	 Pulsinelli WA, Levy DE, Sigsbee B, et al. Increased damage after ischemic stroke in patients with hyperglycemia with or without estab-

lished diabetes mellitus. Am J Med 1983; 74: 540–544.
23.	 Woo J, Lau E, Kay R, et al. A case control study of some hematological and biochemical variables in acute stroke and their prognostic 

value. Neuroepidemiology 1990; 9: 315–320.
24.	 Beamer N, Coull BM, Sexton G, et al. Fibrinogen and the albumin-globulin ratio in recurrent stroke. Stroke 1993; 24: 1133–1139.
25.	 Adams HP, Olinger C, Biller J, et al. Usefulness of admission blood glucose in predicting outcome of acute cerebral infarction. Stroke 

1987; 18: 296.
26.	 Bokura H,  Yamaguchi S, Iijima K, et al. Metabolic syndrome is associated with silent ischemic brain lesions. Stroke 2008; 39: 1607–1609.

Tables: 3
Figures: 0
References: 26

Received: 11.12.2019
Reviewed: 09.01.2020
Accepted: 15.03.2020

Address for correspondence:
Barbara Maciejewska, MD, PhD
Katedra i Klinika Foniatrii i Audiologii
Uniwersytet Medyczny w Poznaniu
ul. Przybyszewskiego 49
60-355 Poznań
Polska
Tel.: +48 504 772-652
E-mail: barbaramaciejewska@ump.edu.pl


