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Abstract—Anemia, or chronic malnutrition, in children under
5 is a social problem that affects the infant crucially in his or her
growth and cognitive development. However, this problem
presents itself in different ways in each department of Peru.
Thus, in this work, the methodology of grey clustering, which is
based on grey systems theory, was applied. The case study was
conducted in the 25 departments of Peru, to analyze the
departments most affected by chronic malnutrition in children
under 5 years of age. The results of the study were that the
departments of Cajamarca, Huancavelica, Loreto and Pasco
have the highest rate of children with anemia; this may be due to
the fact that these departments have greater poverty or
negligence with respect to proper food handling. The results of
this study could help local authorities such as the Ministry of
Health to combat malnutrition, and also serve as a basis for
future studies to evaluate the social impact of other conditions on
health from a mathematical perspective.
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I.

INTRODUCTION

One of the public health problems that most afflicts the
global population is anemia; which is not only the most
frequent and most widespread, but also affects particularly the
most vulnerable populations such as infants and women of
reproductive age as stated by [1] according to [2]. Anemia
according to [3] is defined as a decrease in hemoglobin
concentration. It is a complex condition that occurs when there
is a shortage of red blood cells in the body to adequately meet
physiological needs [4]. In this regard, WHO stated that 528.7
million women and 273.2 million children under 5 years of
age were anemic by 2011 worldwide [5]. This is alarming
given that, in the case of preschool children, it affects their
growth and destabilizes their nutrients [6]. However,
specifically in the case of Peru, according to a technical report
published by the Ministry of Health, [7] it is estimated that 6
out of 10 children between the ages of 6 and 12 months
present anemia, a worrisome reality that requires greater
monitoring.
For the present research, Grey clustering methodology,
which is based on grey systems theory, was used. Initially
developed by Deng in 1985 [8], it is a mathematical method

clustering analysis [9], which is based on the application of
Center-Point Triangular Whitenization Weight Functions
(CTWF) [10], with the objective of classifying observation
groups into particular categories [11]. This methodology was
selected since it has been applied to different challenges,
which show a high level of uncertainty or limited information
[10], such as social impact assessment [12], crime
management [10], security management [13], level of learning
[8], among others. Therefore, it has a high degree of
adaptability in the case study of this work.
Likewise, in order to achieve the most precise monitoring
possible, data provided by the National Institute of Statistics
and Informatics (INEI by its Spanish acronym) [14] will be
used to facilitate the classification of a central point in the
class interval [15].
The purpose of this study is to identify the departments
that have the highest percentage of children under 5 years of
age who have anemia in Peru, in order to identify the
populations that have the greatest need for prevention
programs by the Ministry of Health.
This paper is organized as follows, Section II is an
explanation of the Grey Clustering method. Section III
describes the application in the case study. This is followed by
the results and discussion in Section IV. Finally, the
conclusions are presented in Section V.
II. METHODOLOGY
The methodology to be used for the development of th1is
research will be Grey Clustering; this is developed as follows:
first, assume that there is a set of m objects, n criteria, s
classes of grey and sample value 𝑥𝑖𝑗 (𝑖 = 1, 2, . . . , 𝑚; 𝑗 =
1, 2, . . . , 𝑛). Then, the steps of the Grey Clustering method
can be described as below [16]:
Step 1: The intervals of the criteria are divided into 𝑠 grey
classes, then the central points 𝜆1 , 𝜆2 ,... and 𝜆𝑠 are determined.

Step 2: Grey classes are distributed in two directions,
adding the grey classes 0 and (𝑠 + 1) with their central points
𝜆0 and 𝜆𝑠+1 ; as shown in Fig. 1.
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A. Context Overview
Currently, anemia in children under five years of age can
be identified as a major risk since the growth and proper
development of the infant is affected [18]. One approach to
solving this problem could be to analyze the prevalence of
children under five years of age with malnutrition in order to
assess the management of this issue in each department. To
conduct this research, data for 2017 was obtained from the
website of the National Institute of Statistics and Information
(INEI) [14]. The data obtained is presented in Table I.
Fig. 1. Center-Point Triangular Whitenization Weight [17].

TABLE I.

Step 3: The clustering coefficient, that indicates the weight
of the criteria, for the group 𝑖, 𝑖 = 1, 2, . . . , 𝑚 , in the grey
class 𝑘, 𝑘 = 1, 2, . . . , 𝑠, is determined using (1).

CHILDREN UNDER 5 WITH ANEMIA BY DEPARTMENT

Department

Children affected

Department

Children affected

0

17.1

13

10.5

1

16.1

14

5.1

2

20.9

15

9.6

3

4.9

16

23.8

4

20.0

17

7.3

5

26.6

18

3.4

6

5.2

19

22.8

belongs to grey class 𝑘 ∗, the objects can be ordered according
to the magnitudes of their coefficients [10].

7

13.4

20

15.9

8

31.2

21

16.1

9

19.6

22

12.1

For the application of the analysis, the data of children
under 5 years old with chronic malnutrition rate (also known
as anemia) was observed in the metrics of the twenty-five
Peruvian departments. Fig. 2 shows the values given to each
department for the present study.

10

8.3

23

3.2

11

17.3

24

8.2

12

15.6

25

19.4

𝑓𝑗𝑘 �𝑥𝑖𝑗 � =

⎧
⎪

0 , 𝑥 ∉ [𝜆𝑘−1 𝜆𝑘+1 ]

𝑥−𝜆𝑘−1

𝜆𝑘 −𝜆𝑘−1

, 𝑥 ∈ [𝜆𝑘−1 , 𝜆𝑘 ]

⎨ 𝜆𝑘+1−𝑥 , 𝑥 ∈ [𝜆 , 𝜆 𝐷]
𝑘 𝑘+1
⎪𝜆𝑘+1−𝜆𝑘
⎩

Step 4: If

𝑚𝑎𝑥 �𝑓 𝑘 �
1≤𝑘≤𝑠 𝑖

=

∗
𝑓𝑖𝑘

(1)

it is decided that object 𝑖

III. CASE STUDY

B. Assessment Criteria
Calculations based on Grey Clustering method are
preceded as follows:
Step 1: The center points 𝜆1 , 𝜆2 , 𝜆3 , 𝜆4 ,and 𝜆5 , of five grey
classes were determined as shown in Table II.
Step 2: To the four grey classes determined above, classes
𝑠0 and 𝑠5 were added; as shown in Table III and Fig. 3.

Step 3: The values presented in Table III were replaced in
(1), to obtain the CTWF for the four grey classes. The results
are shown in (2)-(5):
𝑓𝑗1 (𝑥) = �
𝑓𝑗2 (𝑥)

0 , 𝑥 ∉ [0,13.7]
, 𝑥 ∈ [0,6.7]

(2)

0 , 𝑥 ∉ [6.7,20.7]
, 𝑥 ∈ [6.7,13.7]

(3)

𝑥−0

6.7
13.7−𝑥

=�

7

𝑥−6.7

7
20.7−𝑥
7

, 𝑋 ∈ [13.7,20.7]

0 , 𝑥 ∉ [13.7,27.7]
𝑓𝑗3 (𝑥) = � 7 , 𝑥 ∈ [13.7,20.7]
27.7−𝑥
, 𝑋 ∈ [20.7,27.7]
𝑥−13.7

Fig. 2. Values given to the Peruvian Departments in the Current Research.

, 𝑋 ∈ [6.7,13.7]

(4)

7
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0 , 𝑥 ∉ [20.7,34.4]
𝑓𝑗4 (𝑥) = � 7 , 𝑥 ∈ [20.7,27.7]
34.4−𝑥
, 𝑋 ∈ [27.7,34.4]

TABLE IV.

𝑥−20.7

(5)

6.7

Departments
fj1 (x)

fj2 (x)
fj3 (x)

Following this, the values in Table I were replaced in (2)(5). The results are shown in Table IV.
k∗

Step 4: Finally, the requirement max �fik � = fi
1≤k≤s

was

applied; thus, it was decided that 𝑖 belongs to the grey class
𝑘 ∗, for each department. The results are shown in Table V.
TABLE II.

Very low class
(𝜆1)
6.7

[3.2 − 10.2⟩
TABLE III.

CASE STUDY CLASSES

Low class (𝜆2 )

Medium class
(𝜆3 )

High class (𝜆4 )

13.7

20.7

27.7

[10.2−17.2⟩

[17.2−24.2⟩

[24.2−31.2⟩

CENTRAL POINTS OF THE EXTENDED GREY CLASSES

Central points of the extended grey classes
λ0
0

λ1
6.7

λ2
13.7

λ3
20.7

λ4
27.7

2

3

0.0

0.73

0.65

0.00

0.00

0.34

0.97

0.00

fj4 (x)

0.0

0.00

0.02

0.00

4

5

6

7

0.00

0.00

0.77

0.04

fj2 (x)
fj3 (x)

0.1

0.00

0.00

0.95

0.9

0.15

0.00

0.00

fj4 (x)

0.00

0.84

0.00

0.00

8

9

10

11

0.00

0.00

0.77

0.00

fj2 (x)

0.00

0.15

0.22

0.78

fj3 (x)
fj4 (x)

0.00

0.84

0.00

0.51

fj2 (x)
fj3 (x)

0.73

0.54

0.00

0.41

0.27

0.00

0.00

0.00

Departments
fj1 (x)

0.47

0.00

0.00

0.00

12

13

14

15

0.00

0.46

0.76

0.59

fj4 (x)

0.00

0.00

0.00

0.00

16

17

18

19

0.00

0.91

0.50

0.00

fj2 (x)
fj3 (x)

0.56

0.09

0.00

0.00

0.44

0.00

0.00

0.70

Departments
fj1 (x)

fj4 (x)

0.00

0.00

0.00

0.30

20

21

22

23

0.00

0.00

0.22

0.47

fj2 (x)

0.69

0.66

0.77

0.00

fj3 (x)
fj4 (x)

0.31

0.34

0.00

0.00

0.00

0.00

0.00

0.00

24

25

0.79

0.00

fj2 (x)
fj3 (x)

0.21

0.19

0.00

0.81

0.00

0.00

Departments
fj1 (x)

Departments
fj1 (x)

TABLE V.

1
0.00

0.48

Departments
fj1 (x)

Fig. 3. CTWF for the Case Study.

0
0.00
0.51

Departments
fj1 (x)

λ5
34.4

CTWF VALUE FOR EACH PERUVIAN DEPARTMENT

fj4 (x)

FINAL VALUES FOR EACH DEPARTMENT

Department 0

Department 1

Department 2

Department 3

Department 4

Department 5

Department 6

0.51
Medium class

0.65
Medium class

0.97
Medium class

0.73
Medium class

0.9
Very low class

0.84
Medium class

0.77
High class

Department 7

Department 8

Department 9

Department 10

Department 11

Department 12

Department 13

0.95
Low class

0.47
High class

0.84
Medium class

0.77
Low class

0.78
Medium class

0.73
Medium class

0.54
Low class

Department 14

Department 15

Department 16

Department 17

Department 18

Department 19

Department 20

0.76
Very low class

0.59
Low class

0.56
High class

0.91
Very low class

0.50
Very low class

0.70
High class

0.6
Medium class

Department 21

Department 22

Department 23

Department 24

Department 25

0.66
Medium class

0.77
Low class

0.47
Very low class

0.79
Low class

0.81
Medium class
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IV. RESULTS AND DISCUSSION
A. Results on the Case Study
Fig. 4 was constructed from Table V. The result is shown
below according to the levels of anemia obtained according to
the Grey clustering methodology.
As shown in Fig. 4, the province of Huancavelica shows a
high rate of children suffering from anemia at national level,
followed by Cajamarca, Loreto and Pasco. This may be due to
the fact that, as mentioned by the Peruvian Ministry of Health
(MINSA in Spanish), the main factors that contribute to the
existence of malnutrition in children are: a bad nutritional
combination, poor hygiene in food preparation and avoiding
healthy eating. Factors that are present in the department of
Huancavelica; therefore, this entity seeks to implement
collective activities to raise awareness among the
population [7].
Another possible cause of anemia (or chronic malnutrition)
to be considered is the lack of education and economic
deprivation of mothers, which affects the nutrition of their
children, since they acquire their knowledge and life skills
through informal education [19].
On the other hand, provinces such as Arequipa, Madre de
Dios, Moquegua, Lima and Tacna have the lowest levels of
anemia in children. This may be due to the prevention of
anemia in these provinces, as is the case in the department of
Arequipa, where a growth and development monitoring
program (CRED) organized by the Peruvian Ministry of
Health has been implemented [4].

B. Discussion on the Methodology
The Grey clustering method has helped to classify the data
within levels optimally, based on previously collected data.
The methodology has also proven to have advantages over
other methods, such as Delphi [20], or the analytical hierarchy
process (AHP) [21]; since the methods outlined do not
consider uncertainty within the analysis [13]. Which is an
important benefit, especially when dealing with social aspects.
V. CONCLUSIONS
The results obtained for the case study on the prevalence
of anemia in children under 5 years of age are of interest,
since it has been possible to identify the departments with the
highest rate of the condition (Huancavelica, Loreto, Pasco and
Cajamarca). This will be useful for decision-making by
departmental authorities in Peru, such as MINSA and/or the
central government, since it will allow them to concentrate
their efforts on the inclusion of healthy food and greater
hygiene programs in order to combat the current situation.
In addition, it has been demonstrated that the Grey
Clustering method is an approach with a great capacity that
allows us to apply it to social problems that present a high
level of insecurity, given that this methodology allows us to
analyze uncertainty.
Finally, in future research, this method could be applied to
problems of social topics, such as the mathematical analysis of
various diseases as diabetes, obesity, etc. as the social problem
has been performed in the present research.
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