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Abstract 

This research work attempts to empirically evaluate prevalence of some diseases in Kwara State, 
Nigeria. This is aimed at identifying the frequency of some reported outbreaks, and determining 

the structure, peculiarity and intensity of the outbreaks in each senatorial district of  the state . 
The pareto distribution analysis and cluster analysis are used in the study.  Out of the twenty  
reported prevalent diseases studied, malaria and diarrhoea are most prevalent in the state. Also 

the distribution of the frequency of outbreaks of the diseases when tested was found to be pareto 
type; that is, only a small number (2) constitute more than 80% of the overall number of 

outbreaks. To enable a worthwhile analysis, the outbreaks of the remaining (18) diseases are 
classified into three clusters in each of the senatorial districts of the state. From the result 
obtained, the frequency of outbreaks of the diseases is more pronounced in cluster III than cluster 

II while that of cluster II is also greater than that of cluster I, going by their scale distance. 
Owing to this fact, except for malaria and diarrhoea which are predominant in all the senatorial 

districts, dysentery has the highest level of intensity in Kwara North senatorial district of the 
state while dysentery and pneumonia are found to be the highest in both Kwara Central and 
Kwara South senatorial districts.  
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Introduction 

Ensuring the continuous monitoring, evaluation and analysis of health status and performance 

through systematic collection and use of health information cannot be overemphasized in 
meeting the global targets of elimination and / or reduction of prevalent diseases, and 

significantly increase the life expectancy and quality of life of the populace. Basically, going by 
the general belief that “Health is Wealth”, development and implementation of comprehensive 
health quality policy by any reasonable government is not merely desirable - it is essential. The 

policy should be geared towards the prevention and control of locally endemic, epidemic and 
pandemic diseases for the pursuit of accelerated economic growth and sustained development.  

On this note, statistical quality control techniques that provide objective methods of process 
control are embarked upon with the aim of examining the prevalence of some notifiable diseases 
in Kwara State. The pareto distribution analysis and cluster analysis are used in the study.  

 

Pareto Distribution Analysis 

In any group of items contributing to common effects, relatively few accounts for the bulk of 
effects. This principle leads to the idea of vital few and trivial many. The idea derives its name 
from Vilfredo Pareto, a 19th century Italian economist who observed that 80% of Italy’s wealth 
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was owned by 20% of the population. Pareto analysis (sometimes referred to as 80:20 rule and 
ABC analysis) is, therefore, a method of classifying events, items, or activities according to their 

relative importance. It is simply a means to help us organize our inquiries into effectiveness and 
efficiency. It is simple in concept as well as in application. Its purpose is to systematically 

stratify and rank cause or results associated with past performance so as to help us visualize the 
distribution thereof. Once the pareto diagram is completed, we typically interpret the few 
categories that produce roughly 80% of the cumulative frequency and assess our process 

redefinition, improvement and control options (William, J. K., 1999). Essentially, a pareto chart 
helps to identify the frequency with which something occurs or its cost, and to understand where 

improvement efforts will be of most benefit.  
 

Pareto analysis of frequency of outbreaks of diseases 

In order to prioritize the rate of outbreaks of the diseases, pareto analysis is carried out. Table 1 
below gives the pareto table of the outbreaks of the diseases and fig 1 gives the corresponding 

pareto diagram 

 

 

Table 1: PARETO TABLE OF OUTBREAK OF DISEASES  

IN KWARA STATE (2001 - 2005) 

S/N DISEASES 
RANKED 

FREQUENCY 

% OF RANKED 

FREQ. 

% OF CUMULATIVE 

FREQ. 

1 Malaria 561,870 64.98 64.98 

2 Diarrhoea 180,545 20.88 85.86 

3 Dysentery 46,608 5.39 91.25 

4 Pneumonia 31,031 3.59 94.84 

5 Measles 18,109 2.09 96.94 

6 Gonorrhoea 14,711 1.70 98.64 

7 Tuberculosis 2,004 0.23 98.87 

8 Typhoid 1,942 0.22 99.10 

9 
Opthalmia 

Neonatorum 
1,882 0.22 99.31 

10 Guinea Worm 1,773 0.21 99.52 

11 Cholera 1,103 0.13 99.65 

12 Chicken Pox 579 0.07 99.71 

13 Yellow Fever  424 0.05 99.76 

14 Hepatitis B 390 0.05 99.81 

15 Diphtheria 364 0.04 99.85 

16 Polio 310 0.04 99.89 

17 AFP 303 0.04 99.92 

18 Whooping Cough 288 0.03 99.95 

19 HIV/AIDS 266 0.03 99.98 

20 Leprosy 135 0.02 100.00 
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PARETO DIAGRAM 
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FIG. 1 PARETO DIAGRAM OF OUTBREAK OF DISEASES IN KWARA STATE (2001 - 

2005).  

Cluster Analysis 

Situations often arise in which it is desirable to cluster large number of objects, symbols or 
persons into smaller numbers of mutually exclusive groups, each having members that are as 

much alike as possible. Clustering or grouping in this manner makes it easier to consider and 
understand relations in large collections, and it often increases the efficiency of management 
(Ward, J. K., 1963).  

Cluster analysis is, in fact, a tool of discovery. It may reveal associations and structure in data 
that, though not previously evident, nevertheless are sensible and useful once found.  

The ultimate goal of any cluster analysis methods is to find subgroups of data within a larger 
datasets.  Maximizing the similarity of “within - cluster” observations while maximizing the 
differences between the clusters is a desired trait of any cluster analysis method. 

  
DISTANCE MEASURES 

The primary difference between differing agglomerative clustering methods resides in how each 
method determines which clusters to merge at each clustering step. There is more than one way 
to measure a distance. There are distances are Euclidean, an extension of Pythagoras and there 

are other distances based on similarit y. The definition of express similarity is crucial, and it has 
been customary to express similarity through a measure of distance between pairs of objects to 

be clustered (J.A. Hartigan 1972). However, similarities are a set of rules that serve as criteria for 
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grouping or separating items. These distances (similarities) can be based on a single dimension 
or multiple dimensions, with each dimension representing a rule for grouping objects.  

 

EUCLIDEAN DISTANCE: This is probably the most commonly chosen type of distances. It 

simply is the geometric distance in the multidimensional space. It is computed as  
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SQUARED EUCLIDEAN DISTANCE: You may want to square the standard Euclidean 

distance in order to place progressively greater weight on cases that are further apart. This is 
computed as: 
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Note that Euclidean and squared Euclidean distances are usually computed from raw data and 
not from standard data. One of the advantages is that the distance between any two cases 

(objects) is not affected by the addition of new objects to the analysis.  
 

COMPUTATIONAL NOTATIONS 

r, s  → Clusters 
nr  →  No of objects in cluster  r 

ns  →  No of Objects in Cluster s 
Xri  →  the ith object in cluster r  

Xsj  →  the jth object in cluster s 
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= the Euclidean distance 

d(r, s)          –  distance/dissimilarity measure between observation or vectors Xr   
and Xs 

D (r, s)         –  distance/dissimilarity measure between clusters r and s.  
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WARD’S LINKAGE 

This is a hierarchical method designed to optimize the minimum variance within clusters. It uses 

the incremental sum of squares; that is the increase in total within-cluster sum of squares as a 
result of joining clusters.This method is efficient and distinct from all other methods because it 

uses an analysis of variance approach to evaluate the distances between clusters. In short, it 
attempts to minimize the sum of squares of any (hypothetical) clusters that can be formed at each 
step (Ward 1963). 

 
To do this, each case begins as its own cluster. Clusters are then merged in such a way as to 

reduce the variability within a cluster. To be more precise, two clusters are merged if this merger 
results in the minimum increase in the error sum of squares. Basically, this means that at each 
stage the average similarity of the cluster is measured .The difference between each case within a 

cluster and that average similarity is calculated (just like calculating a standard deviation) .The 
sum of squared deviations is used as a measure of error within a cluster. A case is selected to 

enter the cluster if it is case whose inclusion in the cluster produces the least increase in the error 
(as measured by the sum of squared deviations).  

An error sum of square is thus computed as 
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Where: 

i – character/cases 
k – OPU (Operational Taxonomy Units) 
m – no of character/cases 

p – no of OTUs in cluster 
its equivalent distance is defined as: 

Its equivalent distance is defined as: 
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Dendrogram 

Dendrogram is a tree- like diagram  that summarizes the process of clustering and provides the 
needed classification. Similar cases are joined by links whose position in the diagram is 

determined by the level of similarity between the cases.  
Meanwhile, cluster analysis works upward to place every case into a single cluster and we end 
up with a fork- like that subdivides at lower levels of similarity. The dendrograms of Kwara 

North, Kwara Central and Kwara South are respectively given below: 
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KWARA NORTH 
 Dendrogram using Ward Method 

 

                         Rescaled Distance Cluster Combine 

 

    C A S E      0         5        10        15        20        25 

  Label     Num  +---------+---------+---------+---------+---------+ 

 

  Chicken     1   ─┐ 

  Polio      18   ─┤ 

  AFP        14   ─┤ 

  Hepatiti   16   ─┤ 

  Diphther   17   ─┤ 

  Leprosy     6   ─┤ 

  HIV/AIDS   13   ─┤ 

  Whooping    9   ─┤ 

  Yellow F   15   ─┤ 

  Cholera     2   ─┼───────────────────────────────────────────────┐ 

  Typhoid    12   ─┤                                               │ 

  Guinea W    4   ─┤                                               │ 

  Opthalm     8   ─┤                                               │ 

  Tubercul   11   ─┘                                               │ 

  Gonorhea    5   ─┬─┐                                             │ 

  Measles     7   ─┘ ├───────────┐                                 │ 

  Pneumoni   10   ───┘           ├─────────────────────────────────┘ 

  Dysenter    3   ───────────────┘ 
 

Fig 2 

 

KWARA CENTRAL 
 

Dendrogram using Ward Method 

 

                            Rescaled Distance Cluster Combine 
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  Guinea Worm    4   ─┤                                               │ 

  Cholera        2   ─┤                                               │ 
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  Pneumonia     10   ───┘       ├─────────────────────────────────────┘ 

  Dysentery      3   ───────────┘ 
 

Fig 3  
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KWARA SOUTH 
  

Dendrogram using Ward Method 

 

                         Rescaled Distance Cluster Combine 
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Fig 4 

 

Table 2: CLUSTERING PARTITIONING OF THE 18 DISEASES BY DISTRICT 

DISTRICT CLUSTER I CLUSTER II CLUSTER III 

Kwara North Chicken Pox, Cholera, Guinea Worm, 
Leprosy, Opthalmia Neonatorum, 

Whooping Cough, Tuberculosis (2.9%), 
Typhoid, HIV/AIDS, AFP, Yellow 
Fever, Polio, Hepatitis B, Diphtheria. 

Gonorrhoea 
(11%),  

Measles (14%), 
Pneumonia 
(22%)  

Dysentery 
(39%) 

Kwara Central Chicken Pox, Cholera, Guinea Worm, 
Leprosy, Opthalmia Neonatorum, 

Whooping Cough, Tuberculosis, 
Typhoid (2%), HIV/AIDS, AFP, Yellow 
Fever, Polio, Hepatitis B, Diphtheria.  

Gonorrhoea 
(11%), Measles 

(17%) 
Pneumonia 

(24%) 

Dysentery 
(40%) 

Kwara South Chicken Pox, Cholera, Guinea Worm 

(1.7%), Leprosy, Opthalmia 
Neonatorum, Whooping Cough, 
Tuberculosis, Typhoid, HIV/AIDS, AFP, 

Yellow Fever, Polio, Hepatitis B, 
Diphtheria. 

Gonorrhoea 

(14%), Measles 
(12%)  

Dysentery 

(35%), 
Pneumonia 

(30%) 
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SUMMARY OF RESULTS 

The pareto distribution analysis established that malaria and diarrhoea predominate the outbreaks 

of diseases studied in Kwara State. Precisely, malaria and diarrhoea which constitute 10% of the 
type of diseases studied account for 86% of their outbreaks. The linear ity curve fitted also 

confirms that the distribution of the outbreaks of diseases is of pare to type i.e. the diseases with 
higher frequency are extremely rare and diseases with relatively small frequency are extremely 
common. Furthermore, the pattern and structure of cluster formation over the districts in the 

clustering table 1 of the remaining 18 diseases revealed that three clusters are formed in each of 
the senatorial districts. Cluster I of Kwara South contains 14 diseases while cluster II and cluster 

III contain 2 diseases each. However, Kwara Central and Kwara South have the same pattern of 
distribution for which their cluster I contains 14 diseases, while both cluster II a nd cluster III 
contain 3 diseases and 1 disease respectively. 

In addition, clusters I, II and III of Kwara North are formed at a scale distance of 1, 2 and 6; 
clusters I, II and III of Kwara Central are formed at a scale distance of 1, 2 and 8; while Kwara 

South are formed at a scale distance of 1, 5 and 25 of the dendrograms, respectively. 
Specifically, outbreaks of diseases in cluster III predominate other outbreaks in both clusters I 
and II, whereas outbreaks of diseases in cluster II predominate over the outbreaks in cluster I 

only. This result substantiates the percentage of frequency table by district presented in 
appendix.  

 
CONCLUSION 

It is very important that a serious and urgent attention is focused on reducing the alarming rate of 

outbreaks of malaria and diarrhoea in the state as a whole. Besides, in order of precedence, 
increased prevalence of disease(s) of cluster III should be reduced to the barest minimum in each 

senatorial district. Essentially, dysentery should be given a top priority in both Kwara North and 
Kwara Central, both dysentery and pneumonia should take priority over all other diseases in 
Kwara South.  

By and large, with a stable and smooth pattern of outbreaks of diseases’ distribution, they 
can be predicted, monitored and controlled over time in each of the senatorial districts as well as 

in the state as a whole. 
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