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Аннотация
Цель – разработать многомерную взвешенную оценку влияния факторов 
риска острого нарушения мозгового кровообращения (ОНМК) на течение 
ишемического инсульта, развившегося на фоне каротидного стеноза раз-
личной степени выраженности.
Материал и методы. Исследовано 606 больных, находившихся в отде-
лении для больных с ОНМК в остром периоде ишемического инсульта, 
которые были разделены на три группы по степени выраженности каро-
тидного стеноза согласно NASCET. У всех больных выявляли факторы 
риска развития ОНМК, определяли размер очага ишемии по КТ голов-
ного мозга, оценивали состояние пациента и его изменения по шкалам 
NIHSS, Рэнкина, Ривермид.
Результаты. Оценочные показатели представлены различными из-
мерительными шкалами, поэтому их необходимо привести к одному 
основанию. Методика построения взвешенной оценки предполагает 

формирование весовых коэффициентов для каждого компонента но-
вого индекса. Произведено моделирование многомерной взвешенной 
оценки для выявления основных факторов, влияющих на ее вариацию. 
Был проведен отбор факторов риска ОНМК у исследованных больных, 
построены регрессионные модели, выполнен их статистический анализ 
и оценено их качество.
Выводы. Регрессионные модели позволяют охватить большой круг 
факторов и математически выразить их связь с результативными пока-
зателями. Разработанные логистические модели показывают степень 
положительного или отрицательного влияния различных факторов риска 
на течение ишемического инсульта в исследованных группах больных.
Ключевые слова: каротидный стеноз, ишемический инсульт, факторы ри-
ска, логистический регрессионный анализ, многомерная взвешенная оценка.
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Abstract
Aim – to develop a multivariate weighted assessment model for analyzing 
the influence of individual risk factors for acute ischemic cerebrovascular 
accidents on the course of ischemic stroke with concurrent carotid stenosis 
of varying severity.
Material and methods. The study involved 606 in-patients receiving 
treatment for the acute ischemic stroke. The patients were divided into three 
groups according to the NASCET scale for severity of carotid stenosis. In all 
patients, we identified the risk factors for the stroke development, the size 
of the ischemic locus according to the CT imaging, the patient’s condition 
at admission and discharge from the hospital using the NIHSS, Rankin, and 
Rivermead scales.
Results. The estimated indicators were represented by different measurement 
scales, so there was a need to bring them to the universal basis. A weighted 

assessment model required assigning weights for each component of the new 
index. A multivariate weighted assessment was modeled in order to identify 
the main factors influencing its variation. We selected the risk factors for acute 
ischemic cerebrovascular accidents, built the regression models, performed 
the statistical analysis and assessed their quality.
Conclusion. The regression models are helpful in covering a wide range of 
factors and mathematically expressing their relationship with performance 
indicators. The developed logistic regression models demonstrated the degree 
of positive or negative influence of various risk factors on the course of 
ischemic stroke in the studied groups of patients.
Keywords: carotid stenosis, ischemic stroke, risk factors, logistic regression 
analysis, multivariate weighted assessment.
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 INTRODUCTION

Among the causes of death and disability worldwide, 
cardiovascular diseases are leading. With every decade, 

the frequency of strokes among patients aged 50–55 increases 
by 1.8–2.0 times [1]. Loss of working capacity after an acute 
cardiovascular accident (ACVA) reaches 3.2 per 10000 adults 
and leads among the causes of disability. A great number of 
patients with ACVA are people of productive age: 23.6% 
from 41 up to 50 years, and 12.3% of the total number of 
patients are below 40 [2]. After the vascular accident, 40-
45% patients die within 12 months, and every fifth patient 
develops a second stroke in the subsequent years [3]. It is 
for that reason that contemporary neurology focuses on 
prevention of ischemic stroke (IS) and post-stroke patient 
rehabilitation.

Constrictive lesion of the major arteries of the head and 
the neck are one of the principal causes for development of 
the brain ischemia [4, 5]. There is a classification of carotid 
stenosis depending on the degree of vessel constriction, 
which identified mild (0–29%), mild to moderate (30–
49%), moderate (50–69%) and severe stenosis (70–99%), 
and full occlusion of the vessel (100%) [6, 7]. In the recent 
years, there were published many papers on the assessment 
of the major factor of risk of IS development [8, 9]. Thus, 
important roles in the onset and progress of ACVA belong 
to arterial hypertension – like the carotid stenosis, it is a 
type of a macrovascular disease [10], – and the decrease of 
just the diastolic arterial blood pressure by 5 mmHg leads 
to the decrease of risk of cerebral stroke by 34% [11]. Atrial 
fibrillation is the supraventricular tachycardia. According 
to several sources, in 15–20% of patients it is the atrial 
fibrillation that is the major reason of vascular accidents [12]. 
Studying the influence of these factors on the progress and 
prognosis of the acute period of ischemic stroke may open a 
possibility of lowering the risk of development of recurrent 
ACVAs and reduce the severity of the neurological deficiency 
in the acute period of ischemic stroke [13, 14]. In this regard, 
the analysis of the impact of risk factors on the progress of 
IS with concurrent carotid stenosis, seems an important task.

 AIM
To develop a multivariate weighted assessment model for 

analyzing the influence of individual risk factors for acute 
ischemic cerebrovascular accidents on the course of ischemic 
stroke with concurrent carotid stenosis of varying severity.

 MATERIAL AND METHODS
The paper is based on the results of an open prospective 

observation study involving 606 in-patients receiving 
treatment for the acute ischemic stroke. The studies patients 
included 292 women (48.2%) and 314 men (51.8%) aged 
between 39 and 89. The median age of the patients was 67.4 
(81.75; 52.9) years.

Depending on the severity of stenosis of the major arteries of 
the head and the neck measured by duplex Doppler ultrasound 
inspection of the brachiocephalic trunk upon admission for 
ACVA treatment as per the NASCET (North American 
Symptomatic Carotid Endarterectomy Trial) classification, 
the patients were divided into three groups. The first group of 
hemodynamically mild/mild to moderate stenosis (below 49%) 
included 446 patients (73.6%). The second group (moderate 
stenosis of 50–69%) included 85 (14.0%) patients. The 
third group (hemodynamically severe stenosis of 70–100%) 
included 75 patients (12.4%).

In all of the examined patients, risk factors for the ACVA 
development were identified: degree of arterial hypertension, 
cardiac pathology, history of acute vascular accidents, diabetes 
mellitus, dyslipidemia, etc. The size of IS lesion was measured 
by the data of brain CT performed upon patient admission for 
treatment: lacunar, up to 10 mm, mini, up to 15 mm, medium, 
20–50 mm, and large, over 50 mm. To ensure a complex 
evaluation of changes in the patient’s condition from admission 
to (examination 1) to discharge from the in-patient facility 
(examination 2), three evaluation scales were used: National 
Institutes of Health Stroke Scale (NIHSS), Rankin Scale (RS), 
and Rivermead Мobility Index (RMI).

 RESULTS
The results of examination of patients from the three 

groups on admission to (examination 1) and on discharge 
(examination 2) from the ACVA in-patient facility are shown 
in Table 1. 

The initial data array consists of scores registered under 
each scale and every examination. The greater the difference 
(delta) between the scores of the same patient under both 
examination, the greater is the change in their condition during 
in-patient treatment. Undoubtedly, scores under separate 
indices provide vital information for the planning of therapy 
and control of its efficiency, yet the greatest prognostic 
value lies in the combination of all three separate indices 
represented in the single multivariate assessment. Since 
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the evaluation indicators (components) of the multivariate 
assessment are represented by different evaluation scales, 
there arises a need of bringing them together to a universal 
basis. Each scale has its own specifics related not only to the 
nature of the assessed phenomenon, but to the difference in 
the evaluated parameters as well:

– The NIHSS scale evaluates the neurological status; it 
has an interval from 0 to 42, the “0” meaning “No stroke 
symptoms”, and “42” meaning “Severe stroke”;

– The Rankin scale measures degree of disability, i.e. to 
what extent the patient depends on assistance. The scale runs 
from 0 to 6, where “0” means “No symptoms”, and “5” means 
“Severe disability”;

– The Rivermead mobility index assesses functional 
mobility in gait and transfers. The range of scores is from 
“0” (“inability to independently perform any arbitrary 
movements”) to “15” (“ability to run 10 meters in 4 seconds”).

While forming the data array, it is very important to meet 
two requirements: single direction and normalization of scales. 
Single direction implies unified interpretation of all three 
specific indices, i.e. the increase of values of each index is to 
be interpreted in the same way: only either as ‘improvement’ 
or only as ‘impairment’. Normalization means that all three 
indices are to have the same range of values.

In order to meet these requirements, we based our research 
on the Rivermead index. Its scale is ‘ascending’, i.e. the 
increase of its values represents improvement of the patient’s 

mobility. Such a scale is intuitively perceived as a logical and 
adequate. The maximum score is 15 (the range of values being 
larger than that of the Rankin scale and smaller than that of the 
NIHSS scale). It is in the range of the Rivermead index that 
we will normalize the values of the other two scales that are 
‘descending’, i.e. the increase of values represents the decline 
in the patient’s condition.

To address the task of normalization, we will introduce 
correction factors, based on which we will recalculate all 
the scores obtained. For the NIHSS scale, all scores will be 
proportionately decreased with respect to the factor 15/42 = 
0.357. E.g., the score of 12 will decrease after recalculation 
to 4.284 (12*0.357), however, in its essence the normalized 
score will remain the same: prior to normalization, it was 12 
out of 42, after normalization it became 4.284 out of 15, i.e. 
it decreased proportionately. At the same time, the scale will 
still remain ‘descending’; therefore, to ‘turn over’ the scale, to 
make it ‘ascending’, we will subtract each obtained normalized 
score from the maximum possible score of 15:

  NIHSS_norm=15–NIHSSact,
where NIHSSnorm – is the normalized score; NIHSSact – is the 
actual score.
Next, we will calculate the score difference (∆NIHSS):

∆NIHSS=NIHSSnorm2–NIHSSnorm1,
where NIHSSnorm1 and NIHSSnorm2 – are the scores after the first 
and the second examinations, respectively.

Group / Scale Group I (n = 446) Group II (n = 85) Group III (n = 75)

Ex. 1 Ex. 2 Ex. 1 Ex. 2 Ex. 1 Ex. 2

Lacunar stroke

NIHSS 7.2 (4; 8) 3.0 (1; 3) 9.2 (6; 12) 3.1 (1; 6) 9.1 (5; 12) 6.9 (2; 8)

р-value р < 0.001 0.001 0.142

Rankin 3.0 (2; 3) 2.0 (1; 2) 4.0 (3; 5) 2.0 (1; 2) 3.0 (3; 4) 2.5 (2; 4)

р-value р < 0.001 0.002 0.091

Rivermead 6.2 (2: 7) 12.3 (9; 13) 2.0 (1; 4) 10.0 (9; 12) 3.0 (1; 6) 8.0 (5; 12)

р-value р < 0.001 0,001 0.013

Mini stroke

NIHSS 10.0 (7.5; 12.5) 4.0 (3; 5)  8.5 (5.0; 8.0)  4.6 (2.0; 6.0) 10.2 (5; 15) 8.4 (3; 11)

р-value р < 0.001 0.011 0.075

Rankin 4.0 (3.0; 4.5) 2.0 (1; 3) 3.0 (3; 3) 2.0 (1; 3) 3.0 (3; 4) 3.0 (2; 3)

р-value р < 0.001 0.028 0.310

Rivermead 3.0 (1; 6) 8.0 (6; 12) 4.5 (1.0; 6.0) 9.5 (7.0; 13.0) 2.0 (1; 6) 6.0 (3; 10)

р-value р < 0.001 0.005 0.043

Medium stroke

NIHSS 7.0 (4; 11)  3.5 (3.0; 8.0) 9.5 (6.0; 15.0) 6.0 (2; 9) 11.5 (7.0; 18.0) 9.0 (3; 10)

р-value р < 0.001 р < 0.001 р < 0.001

Rankin 3.0 (3; 4) 2.0 (2; 4) 4.0 (3; 5) 3.0 (2; 4) 4.0 (3.0; 4.0)  3.0 (1.0; 4.0)

р-value р < 0.001 р < 0.001 0.002

Rivermead 3.0 (1; 6) 8.0 (4; 12) 2.5 (1.0; 5.0) 7.0 (4; 12) 2.0 (1; 6) 4.5 (3; 11)

р-value р < 0.001 р < 0.001 0.001

Large stroke

NIHSS 10.0 (8.5; 13.0)  5.5 (5.0; 11.0) 11.0 (10; 16) 6.5 (5; 6) 13.0 (5; 16)  10.0 (4; 11)

р-value р < 0.001 0.043 0.176

Rankin 4.2 (4; 5) 3.4 (3; 4) 4.1 (4; 5) 3.0 (2; 4) 4.3 (3; 5) 4.0 (3; 4)

р-value 0.002 0.109 0.178

Rivermead 2.0 (1.0; 3.5)  4.8 (2.5; 6.5) 1.8 (1; 2) 5.0 (3; 8) 1.0 (1; 1) 3.0 (3; 8)

р-value р < 0.001 0.068 0.028

Table 1. Indicators of neurological deficit at the admission (Study 1) and at the discharge from the hospital (Study 2) depending on the degree 
of atherosclerotic lesions and the volume of the stroke lesion (median, quartile 1; quartile 3)
Таблица 1. Показатели неврологического дефицита при поступлении (исследование 1) и при выписке из стационара 
(исследование 2) в зависимости от степени атеросклеротического поражения и объема очага инсульта (медиана, квартиль 1; 
квартиль 3)
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Now, the plus sign “+” of the difference will mean the 
positive change in the neurological status, and the minus sign 
“–”, the negative change.

We will apply the same procedure to the Rankin scale. All 
scores will be proportionately increased with the factor of  
15/5 = 3. For example, the score of 2 after normalization 
will become greater: 6 (2*3). Transferring to the ‘ascending’ 
scale, we will subtract each obtained score from the maximum 
possible score of 15:

RSnorm=15–RSact,
where RSnorm – is the normalized score; RSact – actual score.

Next, we will calculate the score difference (∆RS)
∆RS=RSnorm2–RSnorm1,

where RSnorm1 and RSnorm2 – are the scores after the first and the 
second examinations, respectively.

Thus, we are turning to the ‘ascending’ scale. Now, the 
plus sign “+” of the difference will mean the positive change 
in the total disability, and the minus sign “–”, the negative 
change. The Rivermead index, taken as the reference, will 
remain unchanged. The difference in scores after the first 
and the second examination of the patient will provide 

information about the changes in the patient’s mobility. The 
«+» plus sign “+” of the difference will mean the positive 
change in the mobility, and the minus sign “–”, the negative 
change.

The next stage will be the calculation of the multivariate 
weighted assessment (MWA) of the changes in the patient’s 
condition. The multivariate array comprises a complex of 
differences (delta) of the abovementioned indices. The method 
of calculation of the weighted assessment implies formation 
of weight factors for each component of the new scale. There 
exist different approaches to the selection of weights, and the 
simples and most effective of these is the expert approach. The 
weight factors are assigned based on an intuitive recognition 
of comparative importance of components. In our case, it is 
suggested to determine the weights as follows (with the fixed 
sum of 1):

ΔNIHSS – 0,6;
ΔRS – 0,2;
ΔRMI – 0,2.

We believe that the NIHSS is the universal tool to assess 
the patient’s condition, whereas the two other factors serve 
auxiliary, albeit quite important, roles. The equation for the 
calculation of the MWA of the changes in the condition of a 
specific patient is as follows:

МВО = ΔNIHSSnorm*0,6+ΔRSnorm*0,2+ΔRMI*0,2.

We will consider the proposed method on an example. Let 
patient A have 10 and 13 points (respectively in the first and 
second examinations) on the normalized NIHSS scale, 9 and 
10 points on the normalized RS index, 13 and 15 points on 
the RMI index. Thus, the differences (deltas) will have the 
following values: 3 points on the normalized NIHSS scale, 1 
point on the normalized RS index, 2 points on the RMI scale. 
Below is the calculation of the MWA for patient А:

                    МВО = 3*0.6+1*0.2+2*0.2 =2,4.

The MWA was calculated for each patient. We will provide 
brief data for all private indices (MWA components) and for the 
normalized scale (Table 2).

The algorithm for building the MWA is as follows: selection 
of components (private indices) for the MWA; normalization of 
private indices (bringing to the unified scale); recalculation of 
scores of each private index to normalized scores; calculation 
of normalized differences (deltas) of assessments for each 
private index; selection and assignment of weight factors; 
calculation of MWA.

The next stage of the research was the modeling of the 
multivariate weighted assessment to identify the major 
factors influencing its variation. Regression models allow for 
encompassing a vast variety of factors and for a mathematical 
expression of their correlation with resultative indicators. 
We selected the ACVA risk factors in the studied patients, 
constructed regression models, performed their statistical 
analysis and evaluated their quality. The models were 
built specifically for each patient group. The multivariate 
weighted assessment served as the dependent variable Y. The 

Index / Scale Scale type Value range

Specific indices (non-normalized scales)

NIHSS Scale ‘descending’ – from better to worse 0 … 42

Rankin Scale ‘descending’ – from better to worse 0 … 5

Mobility Index ‘ascending’ – from worse to better 0 … 15

MWA

Normalized scale ‘ascending’ – from worse to better 0 … 15

Table 2. Scales of private MWA indices
Таблица 2. Шкалы частных индексов МВО

Number Variable Scale

X1 Sex nominal, binary

X2 Age (years) Quantitative

X3 Arterial hypertension (140–160 mmHg) nominal, binary

X4 Arterial hypertension (161–180 mmHg) nominal, binary

X5
Arterial hypertension (181 mmHg and 
higher) nominal, binary

X6 Arrhythmia nominal, binary

X7 Ischemic changes on the ECG nominal, binary

X8 Stage 1 chronic heart failure nominal, binary

X9 Stage 2a chronic heart failure nominal, binary

X10 Stage 2b chronic heart failure nominal, binary

X11 Stage 3 chronic heart failure nominal, binary

X12 Second stroke in the same territory nominal, binary

X13 Second stroke in a different territory nominal, binary

X14 Stroke history nominal, binary

X15 Lacunar ischemic stroke nominal, binary

X16 Mini ischemic stroke nominal, binary

X17 Medium ischemic stroke nominal, binary

X18 Large ischemic stroke nominal, binary

X19
Acute cerebrovascular accident in the 
territory of the left middle cerebral artery nominal, binary

Table 3. Composition of factor variables for MWA modeling
Таблица 3. Состав факторных переменных  
для моделирования МВО
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numbering of factored variables was single for all models. 
The list of cardiovascular risk factors for the modeling is 
given in Table 3.

The major array of factors is represented by nominal 
binary variables that are included in the models as dummies if 
needed. For each group of patients, a minimum of two coupled 
regression models of comparable quality were built with the aim 
of identifying and qualitatively expressing the multi-directional 
impact increasing the multivariate assessment or decreasing it, 
respectively. All models are significant by the F-test, and their 
parameters are significant by the t-test. The regression model 1 
for the Group I is as follows:

Y ̂
1=2,678–0,422X9.
(0,114)    (0,182) 

Explanation of the regression factor. Patients with 
Stage 2a chronic heart failure have a multivariate weighted 
assessment approx. 0.422 points lower than that of patients 
without chronic heart failure.

Regression model 2 for Group I is as follows:

Y ̂
1=2,575–0,571X18. 
(0,095)      (0,287)   

The diagnosis of ‘large ischemic stroke’ is a factor aggravating 
the patient’s condition; its multivariate weighted assessment will 
be 0.571 points lower, on average, than that of patients with less 
severe forms of stroke.

Regression model 3 for Group I is as follows:

Y 
1̂=2,388+0,466X15.
(0,104)  (0,201)

If the patient had a lacunar ischemic stroke, their 
multivariate weighted assessment will be approx. 0.466 
points higher, on average, than that of patients with more 
severe forms of stroke.

Thus, from the perspective of a more favorable condition of 
a patient from Group I, the presence of lacunar ischemic stroke 
is significant, and adverse effects on the patient’s condition will 
be expected from Stage 2a chronic heart failure and history of 
a large ischemic stroke.

Regression model 1 for the Group II is as follows:

Y 
1̂2=3.065-0.572X17.  
(0.239)      (0.263)

Patients with a medium ischemic stroke have a multivariate 
weighted assessment that is 0.572 points lower, on average, than 
that of patients with other types of stroke.

Regression model 2 for the Group II is as follows:

Y2=2.530+1.115X16.
(0.200)      (0.393) 

Patients diagnosed with mini ischemic stroke, when 
compares to patients with other types of stroke, have a 
multivariate weighted assessment that is on average 1.115 
points higher. It can be concluded that for the patients of Group 
II two types of stroke have a varied impact on their overall 
condition: medium stroke in the decline of their condition, 
mini stroke in the improvement.

Regression model 1 for the Group III is as follows:

Ŷ3=2.206-3.235X12.
(0.274)      (1.858)

Second stroke in the same territory reduces the patient’s 
multivariate weighted assessment by approx. 3.235 versus 
patients without the second stroke or with the second stroke in 
a different territory.

Regression model 2 for the Group III is as follows:

Y3=1.852+1.305X8.
(0.303)       (0.650)

The diagnosis of Stage 1 chronic heart failure was a factor 
of a better condition of a patient by an average of 1.305 
points (vs. patients with other stages of CHF). In this way, 
the modeling results showed that for the patients from Group 
III the most negative influence on their condition was caused 
by the second stroke in the same territory, and the favorable 
influence, by Stage 1 chronic heart failure as compared to more 
severe stages of CHF. The results of our modeling follow in 
Table 4.

 DISCUSSION
Constrictive lesion of the major arteries of the head and the 

neck per se is a significant risk factor of ACVA development 
[15, 16]. The risk increases depending on the decree of vessel 
constriction [6]. The onset and progress of ischemic strokes 
are influenced by other adverse risk factors of ACVA, mainly 
of vascular nature: arterial hypertension of various severity, 
chronic heart failure of various severity, cardiac arrhythmia, 
history of ACVA, etc. [8, 10, 12]. In analyzing the problem 
of interrelation of carotid stenosis and ischemic stroke, 
contemporary studies mainly focus on the surgical aspect 
only, viz. carotid endarterectomy and its role in the post-stroke 
prognosis and rehabilitation [17, 18].

To evaluate the condition of a stroke patient, clinical scales 
(indices) are used and changes of their values over time are 
considered; without doubt, this provides information for the 
planning of treatment and control of its efficiency. Much 
interest lies in the combination of all three private indices in a 
single multivariate assessment and in the analysis of its values 
for the selected groups of patients. Regression models enable 
involvement of a wide variety of factors and mathematical 
representation of their connection with resultative values. 
When analyzing the available literature, we could not find 
similar studies. At the same time, this aspect of studying the 
results and prognosis of the progress of ischemic stroke with 
concurrent carotid stenosis of various severity seems vital and 
requiring more effort.

Groups Better condition Worse condition

Group I Lacunar ischemic stroke Stage 2a chronic heart failure 
Large ischemic stroke

Group II Mini stroke Medium stroke

Group III Stage 1 chronic heart 
failure Second stroke in the same territory

Table 4. The results of multivariate weighted assessment modelling
Таблица 4. Результаты моделирования с использованием 
многомерной взвешенной оценки
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