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1 Introduction to InterCriteria Analysis (ICA)
and Turkish Health and Social Protection datasets

InterCriteria Analysis investigates dependencies between two or more criteria on the base of
values relations for these criteria. In the other case ICA can determine the behavior between some
objects according to their historical data. ICA is introduced in [3, 4]. ICA combines the
methodologies of the intuitionistic fuzzy sets [1, 5] and index matrices [2]. The structure of
information is presented in the form of index matrix. The intuitionistic fuzzy pairs, based on the
intuitionistic fuzzy evaluations, are defined using the theory of intuitionistic fuzzy sets. The
survey on theory and applications of ICA is presented in [7]. In the resent years the ICA is applied
in different areas of interest to determine possible relationships between the data — education,
medicine and healthcare, economics and finances, artificial intelligence [6, 8, 10 — 11].

In the current investigation ICA is applied to the main diseases declared by individuals in 15-
and-over age group in the last 12 months in the Turkish Health and Social Protection Datasets.
The information is downloaded from the website of TurkStat — Turkish Statistical Institute [13].
The dataset is preprocessed to remove the diseases containing missing data — Arthrosis, Kidney
Problems, Alzheimer and High blood lipids (high cholesterol or triglycerides). The preprocessed
data is presented in the Table 1.

Table 1. Input data for the percentage of main diseases/health problems declared by individuals
in 15+ age group in the last 12 months, 2008-2019, after a preprocessing step

[15+ age] 2008 | 2010 | 2012 | 2014 | 2016 | 2019
Low !oack disorders (lumbago, back hernia, other back 205 | 164 | 128 | 330 | 271 | 29.7
defections)
High blood pressure (hypertension) 148 | 132 | 132 | 161 | 158 | 164

Neck disorders (neck pain, neck hernia, other neck defections) | 11.5 | 7.8 | 6.0 | 21.3 | 18.1 | 20.5
Allergy, such as rhinitis, eye inflammation, dermatitis, food
allergy or other (allergic asthma excluded)

Diabetes 59 | 62 | 68 | 9.0 | 91 | 102
Asthma (allergic asthma included) 48 | 52 | 51 | 79 | 78 | 89
Coronary heart disease (angina pectoris, chest pain, spasm) | 6.3 | 47 | 44 | 85 | 65 | 7.2
Chronic obstructive pulmonary disease (Chronic bronchitis,

78 | 64 | 3.7 [ 121 108 | 123

22 | 44 | 30 | 77 | 73 | 71

emphysema)

Urinary incontinence, problems in controlling the bladder 46 | 32 | 24 | 75 | 59 | 78
Depression 41 |1 28 | 21 |10 | 72 | 9.0
Myocardial infarction (heart attack) 19 (12 | 10 | 20 | 21 | 22
Stroke (cerebral haemorrhage, cerebral thrombosis) 11111109 | 08 | 09 | 08
Cirrhosis of the liver, liver dysfunction 11 105 | 04 | 16 | 15 | 16

The presented dataset is used to investigate the main diseases tendencies in the years.
Dependencies between the separate health problems are analyzed. The results present the
connection between the main diseases and their appearance in the years.
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2

Application of the ICA over the health problems datasets
in Turkey

The ICA is applied to the Turkish main diseases datasets using the ICrAData software [9]. The
first investigation determines dependencies between the health problems. In the application of the
Intercriteria Analysis by Diseases, the following abbreviations are used:

CO01 - Low back disorders (lumbago, back hernia, other back defections);
C02 — High blood pressure (hypertension);
C03 — Neck disorders (neck pain, neck hernia, other neck defections);
C04 — Allergy, such as rhinitis, eye inflammation, dermatitis, food allergy or other (allergic
asthma excluded);
CO05 — Diabetes;
C06 — Asthma (allergic asthma included);
CO07 — Coronary heart disease (angina pectoris, chest pain, spasm);
C08 — Chronic obstructive pulmonary disease (Chronic bronchitis, emphysema);
C09 — Urinary incontinence, problems in controlling the bladder;
C10 — Depression;
C11 — Myocardial infarction (heart attack);
C12 — Stroke (cerebral hemorrhage, cerebral thrombosis);
C13 — Cirrhosis of the liver, liver dysfunction.
The results for the degrees of memberships and the degrees of non-memberships are

presented in the Table 2 and Table 3. The degrees of memberships and the degrees of non-
membership form the intuitionistic fuzzy pairs, representing dependencies and independencies
between the health problems.

Table 2. Degrees of memberships between the health problems data

u-table |CO1 | C02 |C03 |C04 [CO05 |[CO6 |CO7 |C08 |C09 [C10 |C11 |C12 |C13

C01 |1.00 |0.87 {1.00 |0.93 |0.67 [0.80 |1.00 |0.80 {0.93 |1.00 {0.87 |0.13 |0.93

Cc02 |0.87 |1.00 {0.87 |0.93 |0.73 |0.80 |0.87 |0.67 [0.93 |0.87 [0.87 |0.07 |0.87

C03 |1.00 |0.87 |1.00 |0.93 |0.67 [0.80 {1.00 |0.80 |0.93 |1.00 {0.87 |0.13 |0.93

C04 |0.93 |0.93 |0.93 |1.00 |0.73 [0.87 |0.93 |0.73 [1.00 {0.93 |0.93 |0.13 |0.93

C05 |0.67 |0.73 |0.67 |0.73 |1.00 [0.87 [0.67 |0.73 |0.73 |0.67 {0.80 |0.07 |0.67

C06 |0.80 |0.80 |0.80 |0.87 |0.87 [1.00 {0.80 |0.87 |0.87 |0.80 {0.80 |0.07 {0.80

Co07 |1.00 |0.87 |1.00 |0.93 |0.67 [0.80 {1.00 [0.80 |0.93 |1.00 {0.87 |0.13 |0.93

C08 |0.80 |0.67 |0.80 |0.73 |0.73 [0.87 {0.80 |1.00 |0.73 |0.80 {0.67 |0.13 |0.73

C09 |0.93 |0.93 |0.93 |1.00 |0.73 |0.87 {0.93 |0.73 |1.00 |0.93 {0.93 |0.13 |0.93

C10 |1.00 |0.87 |1.00 |0.93 |0.67 [0.80 {1.00 [0.80 |0.93 |1.00 {0.87 |0.13 |0.93

Ci1 |0.87 |0.87 |0.87 |0.93 |0.80 {0.80 [0.87 |0.67 |0.93 |0.87 {1.00 |0.20 |0.87

Cc12 |0.13 |0.07 |0.13 |0.13 |0.07 [0.07 [0.13 |0.13 |0.13 |0.13 {0.20 |1.00 |0.20

C13 |0.93 |0.87 |0.93 |0.93 |0.67 [0.80 {0.93 |0.73 |0.93 |0.93 {0.87 |0.20 |1.00
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Table 3. Degrees of non-memberships between the main diseases data

v-table C06 [CO07 |C08 |C09 |C10 |C11
Cco1

Co02

0.20
0.07 |0.00 [0.27 [0.13 |0.07
0.33 [0.27 [0.00 [0.13 [0.33 [0.27
0.13 [0.00 [0.20 [0.13 [0.13 [0.20 [0.20
0.33 [0.20 [0.00 [0.20 [0.07
0.27 [0.13 [0.20 [0.00 |0.27
0.27 |0.13 [0.07 [0.27 [0.00 [0.07 [0.07
0.33 Wo.zo 0.07 [0.00 |0.13
c11 |0.13 [0.07 |0.13 [0.07 [0.20 [0.20 |0.13 [0.33 |0.07 |0.13 |0.00
C12 [0.67 |0.67 |0.67 [0.67 |0.73 |0.73 [0.67 |0.67 |0.67 [0.67 |0.60

C13 0.27 |0.13 0.07

The results of ICA application over the datasets for main diseases/health problems declared
by individuals in the 15+ age group in the last 12 months from the Turkish Health and Social
Protection Datasets are presented in Table 4. According to the distribution of the degrees of
positive consonance, dissonance and negative consonance, proposed in [3], there are:

e 7 pairs of main diseases in strong positive consonance,

e 33 pairs of health problems in positive consonance,

e 12 pairs of main diseases in weak positive consonance,

e 14 pairs of health problems in weak dissonance,

e 2 pairs of main diseases in weak negative consonance, and

e 10 pairs of health problems in negative consonance.

Table 4. Results for the main diseases dependencies of the people in Turkey

Type of correlations Number. o palrs of
criteria

strong positive consonance [0.95; 1.00] 7
positive consonance[0.85; 0.95) 33
weak positive consonance [0.75; 0.85) 12
weak dissonance [0.67; 0.75) 14
dissonance [0.57; 0.67) -
strong dissonance [0.43; 0.57) -
dissonance [0.33; 0.43) -
weak dissonance [0.25; 0.33) -
weak negative consonance [0.15;0.25) 2
negative consonance [0.05;0.15) 10
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According to the obtained outcomes the pairs of health problems in strong positive consonance,
positive consonance and weak positive consonance present similar distribution of the main
diseases registration. The pairs of health problems in weak dissonance determine the neutral
behavior each other. Pairs of main diseases in weak negative consonance and negative consonance
have the opposite properties of the health problems distribution among the people in Turkey.

The pairs of health problems in strong positive consonance are:

Low back disorders (lumbago, back hernia, other back defections) — Allergy, such as
rhinitis, eye inflammation, dermatitis, food allergy or other (allergic asthma excluded);
Low back disorders (lumbago, back hernia, other back defections) — Chronic obstructive
pulmonary disease (Chronic bronchitis, emphysema);

Allergy, such as rhinitis, eye inflammation, dermatitis, food allergy or other (allergic
asthma excluded) — Chronic obstructive pulmonary disease (Chronic bronchitis,
emphysema);

Allergy, such as rhinitis, eye inflammation, dermatitis, food allergy or other (allergic
asthma excluded) — Depression;

Low back disorders (lumbago, back hernia, other back defections) — Myocardial
infarction (heart attack);

Allergy, such as rhinitis, eye inflammation, dermatitis, food allergy or other (allergic
asthma excluded) — Myocardial infarction (heart attack);

Coronary heart disease (angina pectoris, chest pain, spasm) — Myocardial infarction
(heart attack).

The pairs of health problems in negative consonance are:

Low back disorders (lumbago, back hernia, other back defections) — Cirrhosis of the
liver, liver dysfunction

High blood pressure (hypertension) — Cirrhosis of the liver, liver dysfunction;

Neck disorders (neck pain, neck hernia, other neck defections) — Cirrhosis of the liver,
liver dysfunction;

Allergy, such as rhinitis, eye inflammation, dermatitis, food allergy or other (allergic
asthma excluded) — Cirrhosis of the liver, liver dysfunction;

Diabetes — Cirrhosis of the liver, liver dysfunction;

Asthma (allergic asthma included) — Cirrhosis of the liver, liver dysfunction;

Coronary heart disease (angina pectoris, chest pain, spasm) — Cirrhosis of the liver, liver
dysfunction;

Chronic obstructive pulmonary disease (Chronic bronchitis, emphysema) — Cirrhosis of
the liver, liver dysfunction;

Urinary incontinence, problems in controlling the bladder — Cirrhosis of the liver, liver
dysfunction;

Depression — Cirrhosis of the liver, liver dysfunction;

Myocardial infarction (heart attack) — Cirrhosis of the liver, liver dysfunction;
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Obviously, there are dependencies between the main diseases in strong positive consonance.
The health problems have similar distribution. The outcomes for the main diseases in negative
consonance present opposite behavior of the health problems distribution according to the main
disease Cirrhosis of the liver, liver dysfunction. The exception is the health problem Stroke
(cerebral hemorrhage, cerebral thrombosis).

The results of the ICA application to the health problem datasets in Turkey are presented in the
following Figure 1.
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Figure 1. Results for health problems dependencies interpreted
in the intuitionistic fuzzy triangle

The ICA is also applied to the main diseases datasets in Turkey to investigate the tendencies
of the health problems distribution in the years. In the ICrAData software option Transpose is
used to transpose the matrices of data and thus ICA analyzes the input datasets by years.

In Table 5 and Table 6 are presented the degrees of membership and the degrees of non-
membership between the years in a pairwise manner.

Table 5. Degrees of memberships Table 6. Degrees of non-memberships
between the pairs of years between the pairs of years

p-table | 2008 | 2010 | 2012 | 2014 | 2016 | 2019 v-table | 2008 | 2010 | 2012|2014 | 2016 | 2019
2008 (1.00 |0.94 |0.87 |0.90 0.88 |0.90 2008 [0.00 [0.05 {0.12 {0.09 [0.10 |0.09
2010 (0.94 {1.00 | 0.94 10.90 |0.94 |0.90 2010 [0.05 {0.00 (0.06 [0.10 {0.06 |0.10
2012 |0.87 |10.94 [1.00 | 0.83 [0.87 |0.83 2012 |0.12 {0.06 {0.00 |0.17 [0.13 {0.17
2014 |0.90 {0.90 |0.83 |1.00 0.94 |0.95 2014 10.09 [0.10 {0.17 {0.00 {0.06 |0.05
2016 |0.88 {0.94 |10.87 |0.94 |1.00 | 0.94 2016 [0.10 {0.06 [0.13 [0.06 |0.00 |0.06
2019 [0.90 {0.90 |0.83 |0.95 |0.94 |1.00 2019 [0.09 {0.10 (0.17 [0.05 |0.06 |0.00
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The obtained pairs of years are presented in Table 7. There are:
e 1 pair of years in strong positive consonance,
e 12 pairs of years in positive consonance, and
e 2 pairs of years in weak positive consonance.
Thereafter the distribution of the main diseases in the years is similar.

Table 7. Outcomes for registered main diseases in the years

Type of correlations Number of pairs of criteria
strong positive consonance [0.95; 1.00] 1
positive consonance [0.85; 0.95) 12
weak positive consonance [0.75; 0.85) 2

The pairs of years in the strong positive consonance and positive consonance feature similar
health problems distribution in the years. The main diseases are registered similarly in the years.
The most correlated years are 2014-2019.

The pairs of years 2008-2010, 2008-2012, 2010-2012, 2008-2014, 2010-2014, 2008-2016,
2010-2016, 2012-2016, 2014-2016, 2008-2019, 2010-2019, 2016-2019 are in positive
consonance. These years exhibits dependencies of health problems distribution.

The pairs of years in weak positive consonance are 2012-2014, 2012-2019. They feature a
weak tendency of similar main diseases distribution.

The results of ICA application for the main diseases by the years are visualized in the
intuitionistic fuzzy triangle (Figure 2).
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Figure 2. Results from ICA for the health problems by the years

3 Conclusion

In the current investigation an application of the ICA over the datasets for the main diseases
declared by individuals in 15-and-over age group in the last 12 months in Turkey is presented.
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The information from the website of TurkStat — Turkish Statistical Institute is used. The results
of the ICA application present dependencies between the health problems distribution in Turkey.
The second ICA application determines the similar health problems distribution in the years.
The results present the constant presence of the main diseases in the time. The further research
suggestion is to join this research with some statistical analyses including intuitionistic fuzzy
regression analysis.

Acknowledgement

The second author is thankful for the support provided by the Bulgarian National Science Fund
under Grant Ref. No. KP-06-N22/1/2018 “Theoretical research and applications of InterCriteria
Analysis”.

References

[1] Atanassov, K. (2012). On Intuitionistic Fuzzy Sets Theory: Theory and Appications.
Springer, Berlin.

[2] Atanassov, K. (2014). Index Matrices: Towards an Augmented Matrix Calculus. Studies in
Computational Intelligence Series, VVol. 573, Springer, Cham.

[3] Atanassov, K., Atanassova, V., & Gluhchev, G. (2015). InterCriteria Analysis: Ideas and
problems. Notes on Intuitionistic Fuzzy Sets, 21(1), 81-88.

[4] Atanassov, K., Mavrov, D., & Atanassova, V. (2014). InterCriteria Decision Making: A
New Approach for Multicriteria Decision Making, Based on Index Matrices and
Intuitionistic Fuzzy Sets. Issues in Intuitionistic Fuzzy Sets and Generalized Nets, 11, 1-8.

[5] Atanassov, K., Szmidt, E., & Kacprzyk, J. On intuitionistic fuzzy pairs. Notes on
Intuitionistic Fuzzy Sets, 19(3), 1-13.

[6] Bureva, V., Petrov, P. R., Atanassova, V., & Umlenski, I. (2022). InterCriteria Analysis as
a tool for analyzing Big Data datasets: Case study of 2021 national statistics of Bulgarian
system of higher education. Notes on Intuitionistic Fuzzy Sets, 28(4), 464-474.

[7] Chorukova, E., Marinov, P., & Umlenski, 1. (2021). Survey on Theory and Applications of
InterCriteria Analysis Approach. In: Atanassov K.T. (eds) Research in Computer Science in
the Bulgarian Academy of Sciences. Studies in Computational Intelligence, Vol. 934,
453-469. Springer, Cham.

[8] Doukovska, L., Atanassova, V., & Sotirova, E. (2019). European Union Member States’
Performance in the 2018 Global Competitiveness Index 4.0 through the Prism of
InterCriteria Analysis. Proc. of the 4th International Conference on Numerical and
Symbolic Computation Developments and Applications — SYMCOMP 19, 11-12 April 2019,
Porto, Portugal, 251-261.

63



[9]

[10]

[11]

[12]

[13]

Ikonomov N., Vassilev, P., & Roeva, O. (2018). ICrAData — Software for InterCriteria
Analysis. International Journal Bioautomation, 22(1), 1-10.

Roeva, O., Vassilev, P., Ikonomov, N., Angelova, M., Su, J., & Pencheva, T. On Different
Algorithms for InterCriteria Relations Calculation. Intuitionistic Fuzziness and Other
Intelligent Theories and Their Applications. Studies in Computational Intelligence, Vol.
757, 143-160. Springer, Cham.

Sotirov, S., Atanassova, V., Sotirova, E., Bureva, V., & Mavrov, D. (2015). Application of
the Intuitionistic Fuzzy InterCriteria Analysis Method to a Neural Network Preprocessing
Procedure. Proceedings of 9th Conference of the European Society for Fuzzy Logic and
Technology (EUSFLAT), 30.06-03.07.2015, Gijon, Spain, 1559-1564.

Sotirov, S., Atanassova, V., Sotirova, E., Doukovska, L., Bureva, V., Mavrov, D., &
Tomov, J. (2017). Application of the Intuitionistic Fuzzy InterCriteria Analysis Method
with triples to a Neural Network Preprocessing Procedure. Computational Intelligence and
Neuroscience, Article ID 2157852, Hindawi.

Turkish Statistical Institute. Health and Social Protection. Data Portal for Statistics.

Retrieved March 28, 2022, from https://data.tuik.gov.tr/Kategori/Get
Kategori?p=saglik-ve-sosyal-koruma-101&dil=2

64



