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Abstract 
Mathematical packages are widely used for data processing and analysis, 
including processing of biomedical information.  

We consider the use of known mathematical packages for processing of 
biomedical data on patients who received a traumatic brain injury in order to 
determine the effect of injury severity on sleep.  

The importance of the problem is related primarily to the fact that persons, 
who have had a traumatic brain injury, also have had sleep disturbances.  

As a consequence, the quality of life and ability to work are deteriorated.  
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The Analysis of Biological Data 

The methods and software tools for storing, retrieving, organizing and 
analyzing biological data are developed via bioinformatics, an interdisciplinary 
scientific field.  
A major activity in bioinformatics is to develop software tools to generate 
useful biological knowledge [1].  
Bioinformatics combines computer science, statistics, mathematics and 
engineering to study biological data and processes.  
Such software tools and technologies as Java, C#, XML, Perl, C, C++, Python, R, 
SQL, CUDA, MATLAB, and spreadsheet applications are commonly used in the 
field. 

3 [1] http://bioinformatics.com.bd/ 



Biomedical Informatics 

In turn, the integration of bioinformatics and clinical informatics, biomedical 
Informatics offers unique infrastructure, tools, techniques and applications 
that bridge these areas. This facilitates the sharing of data and information 
across diverse disciplines [2]. 

4 [2] http://ncicb.nci.nih.gov/about/bioinformatics/ 



The Tools 

So we have tools, information technologies, and analytical methodologies needed to 
manage the large volumes of data generated by novel types of research - and to 
harvest insights from the information collected. 
In the research we used the R-package, Excel, and some results were obtained with 
using STATISTICA and Maple. 
R is a free software environment for statistical computing and graphics [3].  
It compiles and runs on a wide variety of UNIX platforms, Windows and MacOS. 
R  is highly extensible. R is designed around a true computer language, and it allows 
users to add additional functionality by defining new functions. 
 

 

5 [3] http://www.r-project.org/ 



The Objects of Biomedical Monitoring  

The original data on patients, who have had a head injury, were 
provided by experts from the advisory department of the Central 
Clinical Hospital of Kharkiv. 
In order to identify sleep disorders, depending on the severity of the 
traumatic brain injury, the patients were divided into three groups.  
The first group included 40 (40%) patients with mild craniocerebral 
injury .  
The second group consisted of 31 (31%) patients with craniocerebral 
injury of moderate severity.  
The third group included the rest - 29 (29%) patients with severe 
craniocerebral trauma. 
All the patients had sleep disturbances. 
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Circadian Rhythm[4] 

Our bodies have a repeating cycle, a rhythm lasting about (circa) a day (dian).  
Just as we have multiple sleep cycles at night, we have multiple waking cycles 
during the day.  

7 [4] http://en.wikipedia.org/wiki/Circadian_rhythm#mediaviewer/File:Biological_clock_human.svg 



The True Rhythm of Life[5] 

[5] The 24 Hour Circadian Rhythm [http://nutesla.com/science/circadian-rhythms/] 
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The types of sleep[6] 

All sleep is not the same. There are two main types of sleep: rapid eye 
movement (REM) sleep and nonrapid eye movement (non-REM) sleep, which 
has three stages.  
People normally cycle through the three stages of non-REM sleep (stages N1 
through N3), usually followed by a brief interval of REM sleep, every 90 to 120 
minutes or several times every night.  

9 
[6] http://www.merckmanuals.com/home/brain_spinal_cord_and_nerve_disorders/ 
sleep_disorders/overview_of_sleep.html 



Sleep Cycle[7] and Sleep Stages[8] 
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[7]  Sleep cycle 
[http://www.examiner.com/article/unexpected-reasons-
to-get-more-sleep] 

[8] Sleep stages  
[http://craftmatic.co.nz/health-and-sleep-
related-infographics/] 



Sleep Disorders 

Sleep is an active and essential process that allows the body 
to restore itself in order to maintain cognitive and physical 
functioning. Unfortunately, sleep disturbances are very 
common all over the world.  
The figure on the next slide shows the common sleeping 
disorders.  
For each disorder, there are common symptoms associated 
with each disorder and available treatment measures.  
Sleep specialists can diagnose them using special techniques. 
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Effects of Sleep Deprivation[9] 

[9] Effects of Sleep Deprivation [http://www.neurotexasinstitute.com/what-we-treat/Sleep-Disorders.aspx] 12 



The Possible Consequences 

Traumatic brain injury results from an impact to the head that disrupts 
normal brain function. Traumatic brain injury may affect a person’s 
cognitive abilities, including learning and thinking skills. 
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The Methods of Examination 

The following methods were used to survey the patients  
a) an objective method of EEG night's sleep. The night 
sleep recording was conducted from the moment of 
falling asleep before waking up (4-6 hours); 
b) subjective assessment of sleep and daytime sleepiness 
(questionnaire);  
c) determining the clinical variants of sleep disorders 
(presomnia, intrasomnia, mixed forms and postsomnia);  
d) methods of statistical analysis. 
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The Statistical Analysis 

The descriptive statistics and other statistical methods of data analysis 
were applied .  
The use of descriptive statistics includes the following steps:  
- Data collection  
- Presentation of data  
Descriptive statistics uses three basic methods of data aggregation:  
- Tabular presentation  
- Graphic representation  
- Calculation of statistical parameters  
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Pretreatment  

Pretreatment: 
• Preparation of data to statistical analysis 
• Descriptive Statistics 

Pretreatment consisted of the following steps:  
– identifying  the objects for research, 
– preparation of the raw data, 
– evaluation of the accuracy of the data, 
– preliminary calculations, 
– identifying missing data values, 
– data validation, 
– transferring  data,  received  in another programs, 
– preparation of secondary data. 
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The Statistical Processing 

The performed statistical processing includes the follows: 
 
1. Data analysis of the stages of sleep. 
2. Data analysis of the stages of sleep by sex of patients. 
3. Analysis of the impact of injury severity on sleep stages. 
4. Analysis of the impact of injury severity on awakening within a sleep. 
5. Analysis of influence of injury severity on multiple cycles of night sleep. 
6. Analysis of deviations in melatonin depending on the sex of the patients. 
7. Analysis of the relationship between subjective and objective measures of 
sleep. 
8. Analysis of the relationship between objective and subjective assessments 
of autonomic dysfunction of sleep. 
9. Constructing cluster models of sleep disorders. 
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The Patients 

The study comprised 100 patients (75 males, mean age ± 
SD 38 ± 16 years, range 16–72) with acute, first-ever TBI, 
admitted to hospital between July 2011 and June 2012 
immediately after the injury.  
 
Patients with sleep–wake and/or psychiatric disorders 
diagnosed prior to TBI were excluded. The consent for 
study was obtained from all patients before participation 
(in comatose patients after regaining of the 
consciousness).  

18 



Preparing data for statistical analysis 

The patient record consists of 19 fields. 
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20 Fig. The initial and transformed data 



Some Descriptive Statistics 
The data stored in the format *. csv; 

 the data are processed in the R package. 

 

 

 

 

 

 
> data1<-data[,c(4,5,6,7,14)] 

> snat1 <- stack(data1) 

> boxplot(snat1$values ~ snat1$ind) 
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DATA OF THE MULTIFACTOR MODEL OF SLEEP 
DISORDERS 
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The Correlation Matrix 
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The matrices of factor loadings 

- before rotation 

 

 

 

- after rotation 
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THE CLUSTER MODEL OF SLEEP 
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The Heat Map 
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The Hierarchical Tree 
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The Classification Tree 
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The Findings -1 

The analysis of the results of statistical processing by using R package 
allowed to draw conclusions that:  

- With increasing number of groups (severity of injury) deviations from 
the norm, i.e., violations of sleep stages are reduced. 
- For the third stage of sleep is marked the highest percentage of patients 
with deficiencies in groups 1 and 2, this percentage has the greatest 
value. 
- Violation of the 1st and 2nd stages of sleep have positive deviations 
from the norm, and stage 3-4 and REM sleep - negative deviations. 
- Gender has no significant effect on the violation of the sleep stages.  
- For both sexes the decrease abnormal disturbances of sleep stages with 
increasing numbers of the group were confirmed. And the deviation in 
women decreased slightly faster than that of men (with the exception of 
sleep stages 3-4). 
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The Findings -2 

- Hypothesis about the influence of gender on violations of sleep stages 
was not confirmed.  
- The analysis confirmed the hypothesis about the influence of the 
severity of injury to the violation of sleep stages 2, 3-4, and REM sleep. 
The strongest effect is  in the stage of REM sleep. There was no effect on 
the stage 1.  
- The extent of the injury affects the awakening within a dream. It is noted 
an inverse relationship: with increasing severity of injury the awakening 
within a dream decreases.  
- The extent of the injury has little effect on the multiplicity of violations 
cycles night's sleep. However, we can note a slight decrease in violations 
multiplicity night sleep cycles with increasing degree of injury. 
- The analysis of melatonin deviations between patients of both sexes in 
the three groups confirmed: there are no differences according to gender; 
there are significant differences between groups 1, 2 and 3 for the same 
sex. 
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The Findings -3 
As a result of multivariate analysis using principal component analysis 
identified the most significant signs of sleep disorders, they are:  

- the variables X2, X3, X4, X5 and Obj, i.e. deviation of the duration of a 2, 
3-4, and REM sleep from the norm, as well as deviations from the norm of 
melatonin and objective assessment of sleep;  
- the variables X1, Colour, Age and Chron, i.e. deviation of the duration of 
the 1st stage of sleep from the norm, sleep disorders, age and 
chronotype; 
-  other features are not meaningful indicators. 

Use of the classification tree allows with  a certain degree of certainty 
to identify the severity of injury to such data as:  

- Violations of stage REM sleep (X4);  
- Disorders of steps 2 and 3-4 sleep (X2 and X3);  
- The amount of melatonin (X5);  
- Age (Age);  
- Mixed and other sleep disorders (Colour). 

 
 

 31 



The List of References 

[1] http://bioinformatics.com.bd/ 
[2] What is Bioinformatics? [http://ncicb.nci.nih.gov/about/bioinformatics/] 
[3] The R Project for Statistical Computing [http://www.r-project.org/] 
[4] 
http://en.wikipedia.org/wiki/Circadian_rhythm#mediaviewer/File:Biological_clock_hu
man.svg 
[5] The 24 Hour Circadian Rhythm [http://nutesla.com/science/circadian-rhythms/] 
[6] http://www.merckmanuals.com/home/brain_spinal_cord_and_nerve_disorders/ 
sleep_disorders/overview_of_sleep.html 
[7]  Sleep cycle [http://www.examiner.com/article/unexpected-reasons-to-get-more-
sleep] 
[8] Sleep stages  [http://craftmatic.co.nz/health-and-sleep-related-infographics/] 
[9] Effects of Sleep Deprivation [http://www.neurotexasinstitute.com/what-we-
treat/Sleep-Disorders.aspx 

32 



 

 

THANK YOU FOR ATTENTION! 

33 


