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Introduction
Actuality
Best of all any disease is characterized by three parameters, which reflect the nature of
the disease – the disease incidence, disability and mortality. In case of cerebral infarction (CI)
these figures continue to remain poor, although there are many significant achievements in the
stroke prevention and treatment. Yearly 15 million people fall ill by a stroke (World Health
Organization 2005). That is one of the main causes of mortality, dementia and disability (1; 2).
Inability after stroke is much more important problem than mortality, since it forms substantial
additional costs in the budget for health and social care, and as often as not isolates patients from
the public.
As one of the possible solutions of this problem could be effective and versatile
prophylaxis, which is focused on the adjustment of risk factors. Leading cause of cerebral
infarction is atherothrombosis, which could dominate in 50% causes of cerebral infarction (3; 4;
5). Lot of research is devoted to atherosclerosis and atherothrombosis stroke risk factors. Wellknown are classical (old) modified risk factors – arterial hypertension, diabetes, dyslipidemia,
obesity and sedentary lifestyle, smoking and excessive alcohol consumption. Although many of
the above mentioned risk factors are sufficiently explored, and is possible to achieve adequate
control over them, the stroke incidence is not tending to diminish. It gives reason to believe that
yet not all stroke risk factors are identified and, therefore, we do not always have an access to
effective and targeted prophylaxis. We also can not precisely say which of the risk factors causes
process of atherosclerosis, but which only stimulates the progression. Also is unclear, why in
some stroke patients are not found any of the known risk factors. Still we need to find answers
on these questions.
Hyperhomocysteinemia and infection are relatively “new” risk factors for cerebral
infarction. Although hyperhomocyteinemia today is marked out as a risk factor for cerebral
infarction, there are some studies which do not confirm the link between homocysteine (Hcy)
and ischemic stroke (6; 7). It is unclear whether heightened Hcy is a major risk factor for all
stroke subtypes, whether an accompanying coronary heart disease indicates more severe
hyperhomocysteinemia, whether there is a correlation between Hcy and other stroke risk factors.
In contrast to Hcy, the infection is less studied risk factor for cerebral infarction, which is
connected with endothelia dysfunction and lipid metabolism disorders (8). Some infections are
common in the population, which, on the one hand, do not allow to name them as a specific risk
factor, but, however, does not exclude its role in combination with other risk factors (e.g.,
diabetes mellitus). It is unclear whether exposure to infection induces origin of atherosclerosis or
5

only stimulates progression of the disease. Studying groups of patients and looking for clinical
evidences for theory of infection explicit correlation between any microorganism and
atherosclerosis more was marked in patients with cardiovascular problems. In stroke patients, in
contrast to cardiovascular patients, characteristic is diversity of etiological factors.
Today worldwide in progress are researches that will help to respond to vague questions,
and will let to find effective preventive measures to control consequential stroke risk factors.

Formulation of the problem and the novelty

In Latvia from stroke (ischemic and hemorrhagic) yearly die 230/100 000 people aged 35
to 74 years, which is one of the worst rates in Europe (9). The incidence of CI in Latvia, taking
into account only the number of patients hospitalized in 2004 was up to 284/100 000 inhabitants,
which in comparison to European countries is sufficiently high score (10). Therefore the problem
of the reduction of the frequency of stroke is so topical today. Identification of the stroke risk
factors, awareness and analysis of interaction can significantly improve the prevention of CI and
is one of the main directions in campaign against a stroke around the world. Till now in Latvia
mainly have been studied “conventional” risk factors of CI (10). However, in the literature
increasingly emerge reports that, despite to treatment of “conventional” modifiable risk factors
and good enough control, stroke and mortality rates do not tend to decay. Consequently, the
world is searching for and exploring new CI risk factors, which isolated or in combination with
“conventional” risk factors can give an answer to the questions concerning effective prevention
of stroke. Having regard to stroke incidence, mortality and disability rates in our country, the
study of CI “novel” risk factors may be one of the prior research directions in Latvia. Analyzing
hyperhomocysteinemia and in literature most frequently, in relation to stroke, mentioned
infection agents - Chlamydophila pneumoniae (C. pneumoniae) and cytomegalovirus (CMV)
seroprevalence, we made only the first step in research of CI “novel” risk factors. In Latvia the
following analysis of the risk factors for CI patients was done for the first time.
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Work aim
To clarify connection of hyperhomocysteinemia and seroprevalence of microorganisms
(C. pneumoniae and CMV) with cerebral infarction, its subtypes, and other stroke risk factors to
supplement data on incidence of stroke risk factors and to perfect secondary prophylaxis of CI
for patients in Latvia.

Work tasks
1. To determine the incidence of hyperhomocysteinemia and average level of Hcy in
patients with CI and in control group, relation of hyperhomocysteinemia to different
subtypes of CI and other stroke risk factors.

2. To determine the incidence of IgG antibodies to C. pneumoniae in patients with CI
and in control group, relation of the seroprevalence of microorganisms to different CI
subtypes, and other strike risk factors.

3. To determine the incidence of IgG antibodies to CMV to CI patients and in control
group, relation of CMV seroprevalence to different CI subtypes, and other stroke risk
factors.

4. To assess the need for detection of Hcy and IgG to C.pneumoniae and CMV in
clinical practice.

Work hypothesis
Hyperhomocysteinemia is a major risk factor for stroke, with prevalence of incidence in
the CI group with atherothrombotic genesis.
C. pneumoniae and CMV seroprevalence is more frequent in CI patients, if compared
with control group, especially in atherothrombotic CI subgroup.
Hyperhomocysteinemia and IgG antibodies to C.pneumoniae and CMV have correlation
with other CI risk factors, which, probably, potentiate their activity.
7

Determination of the level of Hcy could be recommended as a routine examination for CI
patients with the aim to improve secondary prevention of the stroke. Necessary are the further
studies, which would clarify the need of determining seroprevalence of microorganisms in the
clinical practice.

Doctoral thesis structure and author’s personal contribution
Doctoral thesis is written in Latvian. Parts of the doctoral thesis: Introduction, List of
Literature, Materials & Methods, Results, Discussion, Conclusions and References. The work
consists of 104 pages, including 23 tables and 26 figures.

Author has independently performed data analysis concerning the stroke patients,
previously filling in specially developed questionnaire, has compiled, systematized and analyzed
patients’ clinical data using medical records and information gained from participants in the
study and their relatives. Using duplex scanning method the author herself medically assessed
brachycephal blood vessels, as well as participated in the process of treatment of patients
involved in the study.

Ethical issues
For the realization of doctoral thesis was received consent from the Riga Stradins
University Ethics Committee. In the work were applied standard laboratory tests at the
P.Stardina Clinical University Hospital’s Laboratory.
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1. Materials and Methods
1.1. Clinical part
1.1.1. Selection of patients and control group
The study is done at the P.Stradina Clinical University Hospital’s Neurology Clinics
during the period from October 2007 to March 2009. The study has prospective nature, and
participated by 150 individuals (1. Figure).

Total number of examined
individuals
150

Group of patients

Control group

with CI

48

102

Nep

Atherothrombotic

Cardioembolic

Unspecified genesis

cerebral infarction

cerebral infarction

cerebral infarction

36

47

19

1. Figure. Division of examined individuals in groups

In the study core group were involved 102 patients, of which 61 were male and 41 female
aged from 42 to 89 years, mean age 65,8 + 10,9 years. In the control group were 48 people, of
which 26 were male and 22 female aged from 42 to 81 years, mean age 64,3 + 11,8 years.
Division of the patients by age histogram is shown in 2. Figure. Division of patients in age
9

groups by independent-sample test statistically credibly do not differ: (t = 0,806; p = 0,422).
Also division of patients in gender groups statistically credibly do not differ: (2 = 0,426; df = 1;
p = 0,514). Analyzing the social status of participants in the study was stated that 27,3% (41
patients) were working patients, 15,4% (23 patients) nonworking patients and 57,3% (86
patients) - pensioners.

number of patients

age (years)
2. Figure. Division of the patients by age histogram

The group of patients involved in the study, in turn, was divided into three subgroups
according to the TOAST criteria: atherothrombotic genesis CI (36 patients or 35,3%),
cardioembolic genesis CI (47 patients or 46,8%) and unspecified genesis CI (19 patients or
18,6%). Division of the patients in subgroups is shown in 3. Figure.
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3. Figure. Division of patients in subgroups according to the TOAST criteria
Mean age of the patients in atherothrombotic genesis stroke subgroup is 63,19 ± 11,3
year, in cardioembolic genesis subgroup - 69,9±8,8 years, unspecified genesis subgroup 60,7±11,9 years. According to the analysis of variance (ANOVA) mean age of the patients in
subgroups differed statistically credibly (F = 4,631; p = 0,004). Division of patients in the
subgroups by age and gender is shown in 1. Table and 2. Table.

1. Table. Age of CI patients according to the subtype of stroke

Subtypes of
Cerebral infarction

Number
of
patients

Conventional
Mean

Standard

interval

age

deviation

of 95% borders
upper

lower

Atherothrombotc

36

63,2

11,3

59,4

67,0

Cardioembolic

47

69,9

8,8

67,4

72,5

Unspecified genesis

19

60,7

11,9

54,9

66,4
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2. Table. Gender of CI patients according to the subtype of stroke

Subtype of cerebral
infarction

Gender
Male

Female

Atherothrombotic

28 (77,8%)

8 (22,2%)

Cardioembolic

21 (44,6%)

26 (45,4%)

Unspecified genesis

12 (63,2%)

7 (36,8%)

The control group comprised patients who were treated at the P.Stradina Clinical
University Hospital’s Neurology Clinics, mostly with spinal un-inflammatory illnesses.

1.1.2. Population’s inclusion and exclusion criteria
Inclusion criteria:
-

acute primary or secondary cerebral infarction;

-

genesis of atherothrombotic, cardioembolic or unspecified cerebral infarction.

Exclusion criteria:
-

cerebral infarction due to other pathologies;

-

cerebral infarction due to the small blood vessel diseases;

-

chronic inflammatory diseases in anamnesis;

-

oncology diseases in anamnesis;

-

pathology of thyroid gland (hypothireosis);

-

disorders of renal function (creatine in blood > 113 μmol/l);

-

patients taking medicaments affecting S-adenozilmetionin metabolism (Methotrexate,
Carbomazepine, Phenitoin, Anticonvulsants, etc.).
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1.1.3. Control group’s inclusion and exclusion criteria
Inclusion criteria:
-

no data concerning the cerebral infarction;

Exclusion criteria:
-

chronic inflammatory diseases in anamnesis;

-

diseases, which confirmed as associated with hyperhomocysteinemia (multiple
sclerosis, Alzheimer diseases, depressions, schizophrenia etc.)

-

oncology diseases in anamnesis;

-

disorders of renal functions (creatine in blood > 113 μmol/l);

-

patients taking medicaments affecting S-adenozilmetionin metabolism (Methotrexate,
Carbomazepine, Phenitoin, Nitric Oxide, Anticonvulsants, etc.);

-

pathology of thyroid gland (hypothireosis).

1.1.4. Review of the Questionnaire

Data concerning all patients was analyzed by specially designed questionnaire with
characterization of patients’ neurological condition applying modified Rankine scale before and
after stroke. In the questionnaire is analyzed localization of the stroke using computer
tomography (CT) and magnetic resonance (MR) data to specify localization of the stroke. In 72
patients (70,6%) ischemia was localized in ACM basin, in 28 patients (27,5%) in VB basin, in 1
patient (1%) in ACA basin and in 1 patient (1%) in border basin.
First-time CI was found in 60 patients, repeated episode in 52 patients.
Incidence of classical risk factors was defined in both patients’ and control groups.
Arterial hypertension was defined if:
-

systolic pressure is over 140 mmHg, diastolic – over 90 mmHg;

-

in the patients’ anamnesis data is mentioned previously found arterial hypertension;

-

patient regular takes antihypertensive therapy.

Diabetes mellitus is defined if:
-

level of glucose on an empty stomach is over 126 mg/dl (5,8 mmol/l);

-

in the patients’ anamnesis data is mentioned previously found diabetes mellitus;

-

patient take insulin or per oral glucose reducing therapy.

Dyslipidemia is defined if:
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-

total cholesterol ≤ 6.0 mmol/l;

-

triglycerides < 2.0 mmol/l;

-

low density lipoproteins ≤ 3.3 mmol/l.

According to WHO criteria the body mass index above 25 kg/m2, is considered to be
increased.
The stenosis as impressive in brachycephal blood vessels is considered stenosis over
60%. The blood flow velocity was evaluated by duplex scanning of brachycephal blood vessels
with high-class ultrasound apparatus Philips 3110.
Other than classical risk factors, in addition to all the patients were analyzed indicators
that were related to the CI pathogenesis and prognosis – amount of white blood cells (WBC) and
level of fibrinogens in the blood, as well as additional measurements (thickness of the common
carotoid artery intima – media complex), reflecting the prevalence of atherosclerosis in the
process.
According to the P.Stradina Clinical University Hospital’s Laboratory reference interval
as increased WBC amount was considered score above 10 х 10^9/l, as increased fibrinogen –
score above 3,6g/l.
Intima–media complex was measured by duplex scanning of brachycephal blood vessels
with high-class ultrasound apparatus 33i. Measurement was done on both sides of the common
carotid artery’s bifurcation areas. As thickened intima – media complex was considered
thickness over 0,9 mm, thickness over 1,3 mm was considered as pustule.

1.2. Laboratory part
In both patients’ and control groups was determined IgG to Chlamydophila pneumoniae,
CMV and level of Hcy in the blood.
To determine Hcy was used IMMULITE 2000 test, what is solid phase hemiluminiscent
immunofermentative test designed for qualitative determination of L-homocysteine in plasma
and serum. Test is based on two cycles – release of linked Hcy, its conversion into S-adenozil-Lhomocysteine (SAH) and immunocorrection. Used for the test antibodies are highly specific for
Hcy. As heightened Hcy value is considered level over 15 μmol/l.
To determine IgG C.pneumoniae was used Novagnost ™ (Germany) ELISA system, as
positive result was considered 8 IU/ml. The test method was half-qualitative and qualitative.
Method’s specificity is 91,7%, sensitivity 90,2%.
14

To determine IgG cytomegalovirus was used ADALTIS (Italy) ELISA system, for
qualitative and quantitative determination of IgG antibodies in plasma and serum. As positive to
anti CMV IgG antibodies were considered samples with concentration over 0,5 IU/ml.
Sensitivity of the method ≥ 98%.

2.3. Data statistical analysis
Processing and analysis of the obtained data was done at the Rīga Stradiņs University
Department of Physics in cooperation with Professor U. Teibe. Data were registered in standard
forms from which they were converted into electronic format. Statistical data analysis was done
with standard statistical data processing program (SPSS for Windows 16.0; SPSS Inc.), using
descriptive and analytical statistical methods. For comparison of the average were used analysis
of variance (ANOVA) and t-test. Incidence was expresses as a percentage using multi-factor (or
also r x c) incidence tables. Score differences in the indices specific weight were tested with
Pirson χ2 and Fisher tests in program „Statcalc - exe”, but mutual relations between the rates
were evaluated using Pirson’s correlation module.
Differences were accepted as plausible, if ≤0,05.
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2. Results and Analysis
The incidence of CI risk factors in the groups of patients is shown in 4. Figure

84,3

AH

57,8

Risk factors

Smoking
Obesity

50

Coronary Heart Diseases

45,1
43,1

Dyslipidemia
Diabetes Mellitus

41,2

Ciliary Arrhythmia

41,2

Stenosis in Brachycephal Blood Vessels

35,3

Cardio-myopathy

22,5

Alcohol Abuse

3,9

Valvuar pathology

2

0

20

40

60

80

100

Percentage
4. Figure. Incidence of stroke risk factors in patients with cerebral infarction
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Arterial hypertension (AH) as a cause of classic risk factor was present in 86 out
of 102 patients (84,3%). Least frequently occurring risk factor – valvuar pathology was
found in only 2 patients out of 102.
In the control group was analyzed incidence of the stroke risk factors. As in the
patients, most common risk factor was AH. However, the incidence of AH, compared
with the patients, was significantly less frequent – in 18 out of 48 participants (37,5%).
The second most common risk factor – smoking was found in 7 out of 48 participants
(14,6%). The next most common risk factor – dyslipidemia was found in 6 out of 48
participants (12,5%), but increased body mass index – in 5 out of 48 participants (10%).
Diabetes mellitus (DM) and relevant stenosis in brachycephal blood vessels – only in 3
out of 48 participants (6%), coronary heart disease and auricle fibrillation – only in 1 out
of 48 participants (4%). As a risk factor for any control group member was not identified
alcohol abuse and valvuar pathology.
Incidence of leucocytosis and heightened fibrinogene level in patients and in
members from control group is shown in 3. Table.

3. Table. Incidence of leucocytosis and heightened fibrinogene level in patients and
in members from control group

Patients

Control

group

group

Lecocytosis

29 (28%)

3 (6%)

Heightened fibrinogene

85 (83%)

2 (4%)

level

In the group of patients, leucocytosis and heightened fibrinogene level was found
significantly more often, which partly reflects the pathogenetic mechanisms of CI development.

Thicken intima-media complex was found in a majority of patients with CI, and only in a
third of the control group participants (4. Table). In addition, relevant stenoses (> 60%) in the
group of patients with thicken intima-media complex was found in 35 cases and only in 3 cases
in the control group.
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4. Table. Incidence of thicken intima-media complex in patients and control groups

Thicken intima- media

Patients group

Control group

(n=102)

(n=48)

85 (83%)

18 (37,5%)

complex

Analyzing the incidence of risk factors, dyslipidemia was analyzed in details, depending
on the type of deviations in lipidogramme. In searching the link between hyperhomocysteine,
seroprevalence of microorganisms and risk factors correlation analysis with each subtype of
lipoprotein can help to understand the mechanism of action and role of Hcy and infectious agents
in the process of atherosclerosis.
The results of distribution is as follows: heightened level of total cholesterol was found in
46 patients, heightened level of triglycerides – in 15 patients, heightened level of low density
lipoproteins – in 47 patients.

2.1. Hyperhomocysteinemia as cerebral infarction risk factor
2.1.1. Clinical review
Mean Hcy level in patients (N = 102) was 16,3 ± 6,8 µmol/l but in the control group (N =
48) 12,8 ±4,9 µmol/l, which are statistically credibly differed (t = 3,26; p = 0,001).
Hyperhomocysteinemia was found in 58 patients from 102 and in 14 from 48 from the
control group participants, respectively 57% and 29%, what according to chi-square test
statistically credibly differed (χ2 = 10,915; df = 2; p = 0,004) (see 5. Figure).
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%
100
80

part of group with N
homocysteine level (%)

43
71

60

part of group with
hyperhomocysteinemia
level (%)

40
20

57
29

0
patients group

control group

5
5. Figure. Incidence of Hyperhomocysteinemia (%) in the patients and control group

In patients over 60 years of age average Hcy level was higher than in patients up to 60
years of age (see 4. Table), as well in female the average Hcy level was higher than in male (p=
0.21) (see 5.Table).

4. Table. Level of Homocysteine in different age groups of patients with CI

Homocysteine

Age

Number of

Average index of

Standard

(years)

patients

homocysteine

deviation

<60

46

14,2

5,5

>60

104

15,8

6,8

(µmol/l)

5. Table. Level of Homocysteine in different gender groups of patients with CI

Gender

Number of

Average index of

Standard

patients

homocysteine

deviation

Male

87

14,5

5,7

Female

63

15,7

6,4

Homocysteine
(µmol/l)

19

Mean Hcy level in patients with atherothrombotic CI was 17,3 ± 9 µmol/l, in patients
with cardioembolic CI – 16,1 ± 5,8 µmol/l, inpatients with non-specified genesis CI – 15,4 ± 3,6
µmol/l, what according to analysis of variance statistically credibly do not differ (F = 3,957;
p>0,05) (see 6. Table).

6. Table. Level of homocysteine depending on CI subtypes

Cerebral infarction

Number of

Average index of

Standard deviation

subtype

patients

homocysteine

Atherothrombotic

36

17,3

9,0

Cardioembolic

47

16,1

5,8

Non-specified

19

15,4

3,6

genesis

2.1.2. Incidence of hyperhomocysteine in patients with different subtypes
of cerebral infarction

Analyzing hyperhomocyteinemia in each subgroup, in cases of atherothrombotic genesis
CI hyperhomocysteinemia was found in 20 patients from 36, what in comparison to the control
group statistically credibly differed (χ2 = 5,95; p = 0,015), in turn, cardioembolic genesis CI
hyperhomocysteinemiz was found in 28 patients from 47, what in comparison to the control
group statistically credibly differed (χ2 = 8,9; p = 0,003), and un-specified genesis CI
homocysteinemia was found in 11 patients from 19, what in comparison to the control group
statistically credibly differed (χ2 = 4,8; p = 0,028) (see 6. Figure).

20

Un-specified
genesis CI/
control group

58
29
hyperhomocysteinemia
in patients group (%)

58

Cardioembolc
CI/control group

29

hyperhomocysteinemia
in control group (%)

55

Atherothrombotic
CI/control group

29
%

0

20

40

60

80 100

6. Figure. Incidence of hyperhomocysteinemia in patients with different cerebral infarction
subtypes

2.1.3. Hyperhomocysteinemia and other cerebral infarction risk factors

Analyzing Hcy in patients with coronary heart diseases (CHD) in anamnesis (n = 46) and
in patients without (CHD) (n = 56), the mean Hcy level was higher in patients with attendant
CHD. In patients with CHD also hyperhomocysteinemia was more common than in group
without CHD (accordingly 60,9 and 53,9%) (see 7. Table).

7.

Table.

Mean

level

of

homocysteine

(µmol/l)

and

incidence

of

hyperhomocysteinemia in patients with coronary heart disease and without it

Mean level of

Patients with CHD

Patients without CHD

(n = 46)

(n=56)

p

16,7±6,2

14,7±6,5

0,082

28 (60,9%)

30 (53,6%)

0,46

homocysteine (µmol/l)
Incidence of
hyperhomocysteinemia
(%)
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Analyzing Hcy in patients with diabetes mellitus (DM) in anamnesis (n = 42) and in
patients without DM (n = 60), the mean level of Hcy was higher in patients with attendant
diabetes mellitus. In patients with DM homocysteinemia was more incident than in group
without DM (accordingly 71,4 and 46,7%) (see 8. Table).

8.

Table.

Mean

level

of

homocysteine

(µmol/l)

and

incidence

of

hyperhomocysteinemia in patients with and without diabetes mellitus

Patients with

Patients without

CD (n=42)

CD (n=60)

p

17,5±7,7

14,4±5,7

0,008

30 (71,4%)

28 (46,7%)

0,01

Mean level of
homocysteine (µmol/l)
Incidence of
hyperhomocysteinemia
(%)

Analyzing the hyperhomocysteine and C. pneumonia seroprevalences’ possible
relationship, statistically credible correlation was not found. In the hyperhomocysteine group
seroprevalence to C. pneumonia was group in 37 patients from 58, but in group with normal
level of Hcy – 27 from 44 (p = 0,9). For other risk factor results of analysis were similar, without
prevalence of incidence of hyperhomocysteinemia and differences in the mean Hcy level
between the groups.
DM is the only CI classical risk factor with whom was found statistically credible
correlation (r = 0,224; p = 0,026).
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2.2. Relation of Chlamydophila pneumonia and Citomegalovirus with
cerebral infarction

2.2.1. Incidence of IgG to Chlamydophila pneumonia in patients with
cerebral infarction and in control group

IgG antibodies to C. pneumonia were found in 64 patients from 106 (62,7%) and in 17
participants from 48 (35,4%) in the control group. Division of patients in the groups statistically
credibly differed (χ2 = 9,8; df = 1; p = 0,002).

2.2.2. Incidence of IgG to Chlamydophila pneumonia in patients with
different subtype of cerebral infarction

Analyzing seroprevalence of C. pneumonia in each subgroup, in case of atherothrombotic
genesis CI, positive C. pneumonia antibodies were found in 21 patients from 36, which in
comparison with the control group statistically credibly differ (χ2 = 4,36; p = 0,037). In the
cardioembolic genesis CI group the positive antibodies to C. pneumonia were found in 31
patients from 47, which in comparison with the control group also statistically credibly differ (χ2
= 8,86; p = 0,003). Un-specified genesis CI positive antibodies to C. pneumonia were found in
12 patients from 19, what in comparison with the control group statistically credibly differ (χ2 =
4,27; p = 0,039) (see 7. Figure).
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7. Figure. Incidence of C. pneumoniae seroprevalence in patients with different
subtypes of cerebral infarction

2.2.3. Relation of Chlamydophila pneumoniae seroprevalenes with
cerebral infarction risk factors

Considering the C.pneumoniae atherogenic properties was analyzed profile of lipids in
patients with positive antibodies to microorganism.
From 64 patients with IgG to C.pneumoniae:
-

heightened TH level was found in 33 patients, but in seronegative group of patients
(n=38) – in 13 patients (χ2=2,90; p=0,089);

-

heightened LDL level was found in 35 patients, but in seronegative group of patients
(n=38) – in 12 patients (χ2=5,12; p=0,024);

-

heightened TG level was found in 9 patients, but in seronegative group of patients
(n=38) – in 6 patients (χ2=0,06; p=0,8) (see 8. Figure).
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8. Figure. Lipid profile analysis in patients with IgG to C.pneumoniae and in seronegative
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Analyzing incidence of IgG to C. pneumoniae and its relation with the other risk factors,
the differences in statistically credible correlation and in incidence between the groups with or
without risk factor were not found.
Also was analyzed possible relation of C. pneumoniae seroposivity with leucocytosis,
level of the fibrinogen in blood and thickness of intima-media complex.
Leucocytosis entering the study was found in 24 patients from 64 with „+”IgG to
C.pneumoniae and in 5 from 38 with „-” IgG (χ2 = 6,94; p = 0,008) (see 9. Figure).
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9. Figure. Number of patients (%) with and without leucocytosis in the group with
IgG to C.pneumoniae and in the group of seronegative patients

Heightened level of fibrinogen was found in 56 patients from 64 with IgG to C.
pneumoniae and in 29 from 38 without IgG (χ2 =2,15; p = 0,14) (see 10. Figure).
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Analyzing a group with IgG antibodies to C. pneumoniae statistically credible correlation
was found with the indicator of inflammation – leucocytosis (r = 0,258; p = 0,009), positive
antibodies to Chlamidophila pneumoniae and LDL (r = 0,221; p = 0,026). Correlation with the
other stroke risk factors was not founded.

2.2.4. Incidence of IgG to CMV in patients with cerebral infarction

IgG antibodies to CMV were found in 97 patients from 102 (95%) and in all members of
the control group. The results between these groups statistically credibly did not differ (χ2 =
2,43; p = 0,12).

2.2.5. Relation of CMV seroprevalence with the other cerebral
infarction risk factors
Analyzing the patients with IgG antibodies to CMV statistically credible correlation was
found with the indicator of inflammation – leucocytosis (r = 0,282 p = 0,004), positive antibodies
to CMV and CHD (r = 0,221; p = 0,026). Correlation with the other stroke risk factors was not
founded.
Characterization of the patients in groups according to the incidence of stroke risk
factors, considering the analyzed risk factors is shown in 11. Figure.
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11. Figure. The incidence of risk factors
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Discussion
Aim of the Doctoral Thesis was to study seroprevalence of the hyperhomocysteinemia,
C. pneumoniae and as relatively new cerebral infarction risk factors, assessing the significance of
each factor in the Latvian population. In the study seroprevalence of Hcy, C pneumoniae and
CMV were examined not only as isolated and independent risk factors, but also was examined
the interaction of these factors, as well as interaction with other CI risk factors. In order to
improve access to the problem of secondary prevention of the stroke patients important was to
determine, which of the above-mentioned risk factors for the CI subtypes (atherothrombotic or
cardioembolic) is of more importance.
Hyperhomocysteinemia is one of the relatively new and modified CI risk factors. In the
present study average Hcy level was higher in the group of patients compared with the control
group (p = 0,001). Also incidence of hyperhomocysteinemia was higher in the group of patients
(p=0,004). Considering that both the results were with statistically credible difference, could
come to a conclusion – the study has demonstrated that hyperhomocysteinemia is CI risk factor
also for the Latvian inhabitants. In patients older than 60 years Hcy average was higher than in
patients at the age to 60 years (p=0,17), as well as in female Hcy average was higher than in
male (p = 0,21).
Analyzing sources of literature where are described epidemiological nature researches
related to hyperhomocysteinemia and CI, appeared that the results in various researches widely
differ, what mainly is explained by their design and the ethnic features of population. However,
most studies (11; 12; 13; 14; 15) show a positive correlation between hyperhomocysteinemia and
stroke, which was also confirmed in this work. Age and gender are two factors that affect
homocysteine. Deficiency of folates, vitamins B 6, B 12 and deterioration of renal functions in
the elderly are the factors that alter Hcy level. With that, in our study, is explained increase of
Hcy level in the elderly patients.
It is known that Hcy level grows rapidly in the post-menopausal period, and in women
this period is faster than in men. That happens due to the hormonal changes – strongly negative
correlation between the levels of estradiol and Hy in women in post-menopausal period (16; 17).
Data of our study reflects this fact.
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Some authors stress that an increased Hey level potentiates athersclerosis directly in the
large blood vessels (18; 19; 20; 21) so causing atherothrombotic genesis CI. Other authors take
an opposite view that ka hyperhomocysteinemia is an important risk factor directly for
cardioembolic stroke (22). In our study incidence of hyperhomocysteinemia is statistically
credibly higher in the group of patients, if comparede with the control group, and as well in all
CI subtype groups separately. This supports the conclusion that the Hcy is an important risk
factor for both atherothrombotic and cardioembolic stroke, which is related to presence of
atherosclerosis in most of cardioembolic CI patients. It should be noted that in this study in
group with atherothrombotic CI mean Hcy level is higher than in groups with other subtypes.
However, the average Hcy rates between CI subtype groups did not differ statistically credibly,
what allows to think about the importance of atherothrombosis un atherosclerosis process in all
stroke subtypes and confirms effect of hyperhomocysteinemia on the blood coagulation system.
Although the Hcy is defined as an independent stroke risk factor (23; 24), there are severl
studies suggesting relation of hyperhomocysteinemia with other vascular risk factors, such as
hypertension, diabetes mellitus, smoking, etc. (25; 26). Analyzing the patients with DM and
without it, in our study was concluded that the diabetes is the only vascular risk factor for whom
has been found statistically credible correlation with hyperhomocysteinemia (p=0,026). In
patients with DM the incidence of hyperhomocysteinemia as well as the average of Hcy was
higher than in patients without DM. DM is a disease that affects kidney function, is associated
with elevated albumin excretion and often combines with pernicious anaemia. All these factors
affect the level of Hcy, increasing it. Depending on the stage of the disease, renal function,
vitamin status, and diabetes treatment tactic also changes the level of Hcy in the blood. In view
of this tactics, it can be concluded that the timely and correct treatment of diabetes helps to
protect for more the patient from hyperhomocysteinemia and its progression.
Separately

were

analyzed

patients

with

hyperhomocysteinemia

and

CDH,

hyperhomocysteinemia and C.pneumoniae seroprevalence. In both groups was not stated strong
correlation between the risk factors, although the average Hcy level in both CDH group and C.
pneumoniae group was higher.
From 20 to 40% of the population are smokers, 20% from them regularly abuse alcohol,
what influence the vitamin status in the body. Many individuals several times by day use
caffeine-containing drinks (e.g., coffee), in the population sufficiently prevalent are
gastrointestinal tract, thyroid and kidney diseases. Also should be remembered genetically
determined hyperhomocysteinemia, which, depending on gene mutation and ethnic features in
the population, could be found in up to 40%.
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Taking into account the above mentioned facts, it can be concluded that each case of
hyperhomocysteinemia more likely is multifactorial. Knowledge of the facts, which could
potentially affect the Hcy level raising it and making correction in it, should be started with
changes in the lifestyle and diet. In some cases lifestyle adjustments and diet is noy sufficiently
effective way to achieve normal Hcy level, and should be started drug therapy. In this work was
not specified a possible aetiology for each patient but, considering a fact that over 90% of the
studied hyperhomocysteinemia patients had mild hyperhomocysteinemia, it can be concluded
that increased Hcy level is based on unhealthy lifestyle and vitamin deficiency, which is quite
easily adjustable.
In issued in year 2009 guidelines concerning secondary prevention of I and transitory
ischemic attacks, which are based on the American and European guidelines is recommended
prescription of multivitamins with adequate dose of vitamin B6 (1,7 mg / per day), B12 (2,4 μg /
per day), folic acid (400 μg / per day) for patients with hyperhomocysteinemia (>10 μmol/l) and
had in anamnesis CI or TIL [27]. According to the P. Stradiņa Clinical University Hospital’s data
from about 500 patients, who underwent treatment cure in year 2009 at the Neurological clinic
with diagnosis – CI, to two was set Hcy level and to another three patients was recommended to
determine it ambulatory. None of the patients after having had CI was recommended to use
multivitamins for secondary prophylaxis.
Taking into account the national economic situation and the study data, as well as
identification of several factors having an influence on Hcy in patients involved in the present
study, should be considered prescription of vitamin therapy to all patients after CI, paying
special attention to patients with DM and CHD. It should be noted that folic aid and vitamin B
containing drugs together with healthy lifestyle is relatively cheap, safe and effective way, as to
help to improve results of secondary prevention for stroke patients. (28)
For the first time possible relation between C.pneumoniae seroprevalence and stroke was
found in year 1988 during the serological research in Finland. Thence already more than 500
articles are devoted to relation of microorganisms with atherosclerosis and stroke. In our study,
analyzing C.pneumoniae seroprevalence in patients and in control group was found statistically
credible difference between the groups. IgG antibodies in the group of patients were met in
62,7%, bet in the control group – only in 35,4% (p=0,002). In addition, should be noted that the
incidence of seroprevalence in each CI subtype group was higher in comparison to the control
group. This fact indicates the involvement of atherosclerotic process in each of CI subtypes, as
directly with it is connected importance of C.pneumoniae. If we compare the results with data in
literature, it can be concluded that the incidence in the group of patients comply with other
results that are generated in the researches, while showings in the control groups, according to
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sources in literature, vary from 15 to 60%. Such diversity of the results can be explained both
with differences in the methods used to determine chlamydia and criteria to select the population,
and ethnic characteristics.
In terms of Chlamydia relation to other CI risk factors, a little more emphasis should be
put on dyslipidaemia. It is known that lipids are one of the dominant stands in the research of
atherosclerosis. Naturally there are a lot of different lipids and fats with their role and
importance. It is clear that they are necessary both in the process of the body’s cell structure and
in maintaining the energy function. From the blood cholesterol to the cells is delivered by LDL,
which is used as a transporter. According to the most popular theory, the lipids (LDL) infiltrate
arterial wall and penetrate in intima, thereby stimulating the development of atherosclerosis.
There are also other theories which declare that the production of lipids in atheroma is a complex
process and chlamydias can actively participate in it. As already mentioned, chlamydia is
necessarily intracellular microorganism, which no only uses the host’s metabolic processes, but
also, to survive, requires host’s food and lipids. The way in which microorganisms use host’s
lipids – modification of used substance. A cell infected with chlamydia, LDL no longer fulfills
its functions, but changes into chlamydia “maid”. C pneumoniae blocks the normal cellular
metabolism, bringing the cholesterol to Golgi complex. Then cholesterol is used both as a
building material for chlamydia vacuoles – elementary particles cell walls, and as a food. Only
when the chamydia leaves a cell, used cholesterol offloads, but unfortunately, in the form of
cholesterol crystal which can not be used to fulfill cell’s required functions.
In the doctoral thesis were analyzed the lipid profile in patients with and without proved
IgG antibodies to microorganisms. The results showed that increased LDL level more frequently
was found in the C. pneumoniae seropositive patients (p=0,024). It leads once again to think
about the interaction of risk factors in the human body and the role of lipids in atherosclerotic
process.
Correlation of the infection with inflammatory parameters is another interesting question,
which need to be discuss more detailed. It is known that there are a number of markers and
mediators indicating acute or chronic inflammation process, or body’s immune response to it.
Several of them (C reactive protein, fibrinogen etc.) have been extensively studied in the
atherosclerosis and stroke patients. In the study number of leucocytes and level of fibrinogen
were analyzed as the simple routine analyses that are readily available at the clinics already on
the Receiving-room stage. Results of the study showed statistically credible IgG antibodies to
C.pneumoniae correlation with leucocytosis (p=0,008), but negative for chlamydia and
fibrinogen correlation (p=0,14). The leucocytes (macrophages and lymphocytes) have an
important role in the development process of atherosclerosis. The number of leucocytes
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correlates with progression of atherosclerosis (29) (30), CHD (31) (32) un stroke (33) (34). The
macrophages and T-lymphocytes are visible in atheromas even at the early stage of disease,
indicating to the immune reaction as an underlying mechanism in the process of atherosclerosis.
Is the chronic infection one of the factors that potentiates atherogenesis and what leucocytosis
reflects by? Having regard to the data of our study could be thought about such a mechanism in
the group of C. pneumoniae seropositive patients.
The heightened level of fibrinogen is an independent CI risk factor. (35) (36) the level of
fibrinogen increases after the stroke, and it is attributed with the repeated risk of cerebrovascular
accident. It is proved that in patients with CI and accompanying infection the level of fibrinogen
is higher than in those with not detected accompanying infection (37).
Cytomegalovirus infection is widespread in the population, thus it can not be considered
as a specific risk factor. Literature data on CMV infection and stroke is controversial. There are
studies confirming the relation of CMV with CI, but most of the researches emphasize the role of
CMV infection only in correlation with other vascular risk factors, noting the correlation with
increase in viral antibodies’ titre. Similar results were reported in our patients.
In the Doctoral thesis research in 93% of all patients and 100% of the control group
subjects were found positive to MV antibodies. Such results indicate that the antibodies to CMV
could not be considered as the possible CI risk factor. In literature cytomegalovirus is associated
with proliferation of blood vessel smooth muscularity (38) and increased thickness of intimamedia complex (39). In the performed research was found correlation between the CMV IgG
antibodies and thickness of intima-media complex (r=0.221, p=0.026). Literature data about the
role of cytomegalovirus in combination with other risk factors, such as coronary heart disease
(40) and leucocytosis (41), was also confirmed in our work. In the study was found connection
between the IgG antibodies to and leucocytosis (p = 0,004), coronary heart diseases (p = 0.022).
Modern research is still unable to give an unequivocal answer about the role of infection
in the aetiology of stroke. Exist luck of researches involving a large number of patients, also
there are no consensus on the study design and criteria for selecting the patients and control
group. CI classification criteria is not unified in all studies. Serious matter is choice of the
laboratory diagnostic methods used for the identification of microorganisms and determination
of the presence of infection.
Health of the population, rational usage of the state budget and human’s life quality –
issues which actuality requires to press on searching an effective stroke’s problem settlement.
However, must be resolved several problems to confirm the infection’s theory and its role in the
etiology of stroke. Each new study is another step that can help to put together a complex mosaic
of challenges and find answers to the given questions.
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In the course of this study we have been able to confirm the role of
hyperhomocysteinemia in the CI development process in the Latvian population, which are
comparable to similar studies in other European countries and in the world, drawing conclusions.
In the chapter concerning the seropositivity of microorganisms the obtained data concerning the
seroprevalence make possible to compare the status of population with the results of similar
studies in other countries, and is a serious ground for continuation of the study related with
Chlamydophila pneumonia demonstration in native preparations, which is an expensive and
laborious process.

Conclusions
1. Hyperhomocyteinemia is an important risk factor for atherotrombotic, cardioembolic
and unspecified genesis cerebral infarction subtypes.
Correlation of the hyperhomocysteinemia with the diabetes mellitus suggests it as a
disease which affects the level of homocysteine.

2. Incidence of C.pneumoniae seroprevalence is higher in the groups of patients with
cerebral infarction, which confirms its role in the pathogenesis of stroke for all subtypes of
cerebral infarction.
Correlation of C.pneumoniae with dyslipidemia (increased level of low-density
lipoproteins) and amount of leukocytes specifies the atherogenic properties of microorganism.

3. No difference was showed in the analysis of the incidence of IgG to CMV neither in
patients nor in control groups.

4. Hcy determination can be recommended as a routine examination for patients with
cerebral infarction and diabetes mellitus.

.
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Practical Recommendations
1. Detection of Hcy level can improve the prognostic value of „classical” stroke
developmental risk factors.

2. Correction of hyperhomocysteinemia and other risk factors of stroke can redice the
risk of cerebral infarction.
3. Determination of C. Pneumoniae seroprevalence in the patient’s goup with high risk of
cerebral infarction can help in selection of optimal prophylactic treatment (with a preference to
anti - Chlamydia medication).
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Nomenclature & Abbreviations
Abbreviation


2

Explanation in English
Chi-square test value

HDL

High –density lipoprotein

ANOVA

Analysis of Variance

C.pneumoniae

Chlamydophila pneumoniae

CM

Diabetes mellitus

CI

Cerebral infarction

CMV

Cytomegalovirus

CT

Computerised Tomography

df

Degree of freedom

EHO CG

Echocardiography

ELISA

Enzyme ImmunoAssay

F

Fisher value

Hcy

Homocysteine

IgG

Immunoglobulin Class G

IgM

Immunoglobulin Class M

TH

Total cholesterol

CHD

Coronary heart disease

TI 95%

Confidence Interval of 95%

t

t-test value

TG

Triglycerides

TOAST

Trial of Org 10172 In Acute
Stroke Treatment

LDL

Low-density lipoprotein
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