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Abstract: Problem statement: In this study, the inequality of apnea rates during sleep was
investigated. Approach: This study used a database comprising 13 patients with apnea problems. The
data was extracted from the MIT-BIH database. The Lorenz curve and Gini index were used to
determine the inequality of apnea rates. In order to test for cluster, random or regular patterns of apnea,
an index of runs was used. Results: The Lorenz curve showed that the distribution of apnea events
for every 10% period of sleep varied between each patient. The Gini index ranged between 0.148 and
0.614. Most of the patients had a Gini coefficient lower than 0.5. The index of runs was between 0.115
and 0.353, which indicates that most patients had a regular pattern of apnea and that it iwa not random.
Conclusion: The distribution of the apnea is almost equal and most patients have regular patterns of
occurrence of apnea.
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INTRODUCTION

modelling of the distribution of apnea and the severity
of apnea (Saat et al., 2010a; 2010b). However, there
has been no study on the similarities of the patterns of
apnea during sleep. A study of the distribution of
apnea is essential in order to determine if the
occurrence of apnea has a cluster (aggregation)
distribution, a regular distribution, or a random
distribution. From a statistical perspective, this
analysis will give more information to patients
regarding their apnea problem. Although they may
know the severity of their apnea using the AHI, the
AHI does not measure the distribution of apnea.
In order to study the disproportional or the
inequality occurrence of apnea, the Lorenz curve, the
Gini index and the runs test were used. TheLorenz
curve and the Gini index are widely used in the
economy sector, such as in the study of inequality of
poverty distribution in Malaysia (Anand, 1977).
Previous studies have used the Lorenz curve to
determine the inequality of plant size (Damgaard and
Weiner, 2000; He et al., 2005). In the medical field, the
Gini index has been used to describe the inequality of
healthcare among low income patients (Weich et al.,
2001).

Apnea is a pause in breathing during sleep and it
disrupts the quality of sleep. Good sleep quality is
important as it ensures a productive day. Sleep
disorders, especially apnea, may cause sleepiness
during the day. Previous studies indicate that sleep
apnea may cause automobile accidents and a low
workplace focus (Barbe et al., 1998). Moreover,
sleepiness can disrupt any daytime activity. The
prevalence of apnea is higher among male patients than
among female patients. Patients aged older than 60 also
show a higher prevalence of apnea compared to
younger adult age groups (Vagiakis et al., 2006).
Previous studies have shown that apnea is related to
hypertension, diabetes and cardiac disease.
The Apnea Hypopnea Index (AHI) is used to
indicate the severity of apnea. The AHI categories of
apnea severity are <5, <15 and <30 (Duran et al.,
2001). The AHI is defined as the number of apnea and
hypopnea events per hour (Young et al., 1993). Even
though a higher AHI indicates more serious apnea for a
particular patient, further study is required in order to
determine the proportional distribution of apnea over a
given period of time, e.g. a 10% period of sleep. This
information may shed some light on the behavior
MATERIALS AND METHODS
occurrence of apnea among adults.
There has been an increase in research into
The database comprised of 13 patients with apnea.
sleep apnea since the 1980s due to the rapid increase of
The data was extracted from the MIT-BIH database
which
is
http://www.physionet.org/physiobank
community awareness of apnea (Tsai et al., 1999;
Drazen, 2002). Some of these studies have undertaken
/database/. The data consisted of records of apnea
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events and non-apnea events every 30 seconds (epoch)
(Goldberger et al., 2000). The total apnea was
calculated for every 10% period of sleep according to
the Apnea Hypopnea Index (AHI). The AHI is
calculated by dividing the total apnea experienced
during sleep by the number of hours of sleep (Young et
al., 1993) and indicates the severity of apnea among
patients. An AHI of less than 15 indicates apnea of
moderate severity while an AHI of more than 25
indicates a high severity of apnea. The sleeping period
was divided into 10. Then the rate of apnea for every
10% period of sleep was calculated. This was done in
order to standardize the group of data for each patient.
Each patient has sleeps for a different period.
In order to determine the inequality of the
distribution of apnea for each patient, the Lorenz curve
and the Gini index were used. The Lorenz curve
compares the cumulative proportion of the ordered data
of apnea with a uniform distribution. Patients that have
an equal distribution of apnea for every 10% period of
sleep will have a cumulative proportion line that is
close to a uniform distribution. Furthermore,
graphically the line of the Lorenz curve is close to a
45° line, indicating a uniform distribution. This study
also aimed to determine whether patterns of the rate of
apnea were cluster, random or regular.
The Gini coefficient: The Gini coefficient was also
used to measure the inequality or the degree of
variation in the 10% period of sleep for each patient. It
is calculated as the sum of the difference between the
total area under the uniform distribution (which is the
45° line) and the Lorenz curve. The equation for the
Gini coefficient is given in Eq. 1, where xi is the
number of apnea events in the ith interval, i is the rank
based on the length of data, µ is the mean of an apnea
event for particular patient and n is the length of the
apnea event. For the purposes of this study n is 10
because the data was grouped into 10 periods of sleep
duration (Dixon et al., 1987):
n

G=∑
i =1

2i − n − 1
n 2µ

by 0. One run is defined as one symbol, either 0 or 1
and is followed by a different symbol. For example, the
sample 0, 1, 0, 0, 1, 1 is said to have 4 runs. The runs
are determined as ‘0’, ‘1’, ‘00’ and ‘11’. A sequence of
0s or 1s which is persistent, meaning that the sequence
of 0s followed by 0s is high and the sequence of 1s
followed by 1s is also high, will give a smaller number
of runs. In this study the index of runs was evaluated
and compared with the Gini coefficient.
The runs test is given by the equation below with
the mean (µ), variance (σ2) and index of runs (I):
N + 2n1n 2
N
2n n (2n n − N)
σ2 = 1 2 2 1 2
N (N − 1)
R −2
I=
max R − 2
max R = 2n1 + 1

µ=

Where:
N1 = Number of occurrences of no apnea event
N2 = Number of occurrences of apnea event
R = Number of runs
N = Length of data
RESULTS
The descriptive information of patients is shown in
Fig. 1. The bar chart shows that patient 7 had the
highest AHI (>40) indicating severe apnea. The Lorenz
curve shown in Fig. 2 revealed that the distribution of
apnea events between each patient is variable. In Fig. 3,
the cumulative graph shows that for every 10% period
of sleep the apnea events vary. The graph indicates that
a particular patient may have high apnea rates at the
beginning of sleep and low apnea rates at the end of
sleep.

(1)

The minimum value of the Gini coefficient is 0,
indicating equality of apnea distribution for every 10%
period of sleep and the maximum value is 1, indicating
that distributions are unequal for every 10% period of
sleep.
Runs test: Let x1, x2,..., xn be an order sequence of
apnea and no apnea events. An apnea event is
Fig. 1: Graph of AHI for every patient
represented by 1 and a non-apnea event is represented
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Fig. 2: Lorenz curve of the occurrence of apnea for
every 10% period of sleep

Table 1: Permutations for 10000 simulations for test of randomness
Percentile
Index
----------------------------------------------AHI
Runs of run
2.5%
5%
95%
97.5%
15-30
18
0.219
0.123
0.137
0.370
0.397
Mild
78
0.439
0.075
0.087
0.231
0.249
121
0.247
0.042
0.047
0.125
0.138
≥30
134
0.209
0.044
0.042
0.109
0.113
Severe 130
0.353
0.060
0.063
0.157
0.160
94
0.353
0.068
0.077
0.209
0.226
129
0.115
0.017
0.019
0.046
0.047
149
0.344
0.043
0.049
0.129
0.144
104
0.174
0.044
0.047
0.106
0.110
161
0.233
0.032
0.038
0.095
0.110
81
0.156
0.050
0.054
0.119
0.139
111
0.115
0.017
0.019
0.046
0.047
43
0.283
0.069
0.069
0.207
0.224
Table 2: Permutation for 100 simulation of Gini index
Percentile
----------------------------------------------------AHI
Gini index 2.5%
5%
95%
97.5%
15-30
0.614
0.143
0.157
0.349
0.369
moderate 0.441
0.092
0.100
0.219
0.230
0.556
0.082
0.091
0.194
0.206
>30
0.446
0.052
0.057
0.124
0.131
severe
0.414
0.042
0.046
0.100
0.106
0.544
0.063
0.070
0.151
0.161
0.148
0.019
0.021
0.046
0.048
0.299
0.057
0.063
0.137
0.144
0.334
0.041
0.044
0.100
0.105
0.284
0.039
0.043
0.093
0.098
0.267
0.050
0.055
0.120
0.127
0.331
0.045
0.050
0.107
0.114
0.309
0.082
0.092
0.202
0.212

In order to determine the distribution of apnea
rates according to time, a cumulative graph was
plotted (Fig. 3). The graph indicates that apnea rates
Distribution of apnea events among patients is
varied at the beginning, the middle and the end of the
shown in Table 1. The results show that the highest run
sleeping period.
was 161 from a patient with moderate apnea. The
lowest run was 18, which indicates that the difference
The randomness of apnea rates was analyzed using
between apnea and non-apnea events is low. However,
a runs test. Table 1 indicates that the highest run was
the index of runs shows that the patient with severe
161 from a patient with severe apnea and the lowest run
was 18 from a patient with mild apnea. This suggests
apnea had the lowest run of 0.11. This suggests that the
that the alternating of apnea and non-apnea events was
particular patient had less frequent alternating between
higher in patients that had a higher index of runs. The
apnea and non-apnea events. The lowest run indicates
that there is cluster distribution of apnea and non-apnea
index of runs varied among mild and severe apnea
events. On the other hand, the higher value of the index
patients. For example, Table 1 demonstrates that a
patient with mild apnea had an index of runs of between
of runs suggests that apnea and non-apnea event
0.219 and 0.439. Meanwhile, the Gini index is in the
occurrence is regular.
range of 0.148 to 0.614 (Table 2). Previous studies
For example, modelling for the patient with an
index of runs of 0.439 shows that when the data is
suggest that a Gini coefficient below 0.2 is indicative of
simulated 10000 times, the percentile of 2.5, 5, 95 and
low inequality and a Gini index higher than 0.6 is
indicative of a large inequality (Weich et al., 2001).
97.5% is between 0.075 and 0.249; this indicates that
According to Table 2, the lowest Gini coefficient is for
the occurrence of apnea was regular. All the patients
the patient that has severe apnea (0.148). This indicates
had regular patterns of occurrence of apnea. However,
that the distribution of apnea for every 10% period of
for those patients in the mild apnea category, the
sleep is almost equal for that patient. Moreover, the
occurrence of apnea was random.
1083
Fig. 3: The cumulative proportion of apnea events

Am. J. Applied Sci., 8 (11): 1081-1085, 2011
Gini indices for moderate and severe apnea show that
the distribution of apnea is almost equal. Most of the
patients have Gini coefficients lower than 0.5. This
suggests that the gaps between the patients in terms of
distribution of apnea are small, as they have almost
similar Gini coefficients. On the other hand, the highest
Gini coefficient of 0.614 is from a patient who has mild
apnea. This indicates that the distribution of apnea for
every 10% period of sleep is unequal.
DISCUSSION

CONCLUSION
Research into inequality has been of great interest
to those in the field of economics. Various studies have
used the Gini coefficient in order to find inequality. In
this study, the Lorenz curve, the Gini coefficient and a
runs test were used to determine the inequality of apnea
distribution. In this study, disproportional distribution
of apnea events was low for the majority of apnea
patients. However, the Gini coefficient was high,
especially for patients with mild severity of apnea. In
terms of randomness, we found that most patients have
clustering of apnea and non-apnea events for both
categories of mild and severe apnea. In general, it can
be said that the inequality is also due to the age and
health status of the patients. Based on these findings we
can conclude that apnea distributions can be
categorized into two groups: low inequality and mild
inequality. The low inequality of distribution of apnea
is among the severe apnea patients while mild
inequality is among patients with mild apnea.

This study discusses the use of existing methods to
perform inequality tests, namely the Gini index and the
runs test for testing randomness of apnea distribution.
Earlier studies used the Gini index to study the
inequality of plant size (He et al., 2005). Previous
approaches used the AHI to classify the apnea. The
AHI is defined as the number of apnea events per hour
of sleep. However, the AHI reflects only the severity of
apnea; it does not describe the disaggregation of apnea
during sleep.
The present study has shown that the occurrence of
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