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ABSTRACT

Apnea is one of the sleep disorder and many study relates apnea with gender,age and BMI of the patients. Few
study indicates that apnea occurred in REM and NREM sleep stages. This study involves a sleep record from apnea
patients in Hospital Sarawak, Malaysia. The objective of the study is to find the homogenous of REM sleep
between patients using the Gini index. Furthermore the differences of mean functional of REM according to
gender, age and bmi. The results shows that the Gini index is between 0.16 until 0.64. Meanwhile from the analysis
variance of functional data indicates that rate of REM was not differed according to age group, BMI and RDI.In
conclusion,the distribution of REM was homogeneous among patients.
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1. INTRODUCTION

Apnea is a paused in breathing during sleep (Tsai et al.1999) . Patients that is di- agnosed with apnea problem
increased since 1980°s(Guilleminault et al.1973).The prevalence of apnea differ according to race and gender.
Study by Redline et al.2004 showed that the prevalence of apnea is higher among blacks compared to
whites(Meetze et al., 2002). In Korea study by Kim et al. 2004 showed that prevalence of apnea is higher
among males which is 27% compared to females which is 16%.In most of study of apnea the apnea is related to
hypertension and obesity problem. Study by Meetze et al. 2002 showed that the prevalence of apnea is higher
among black and obese patients.

Sleep apnea prevalence is increasing rapidly for example in Young et al., 1993. The apnea hypopnea index(AHI) is
being used to indicate the severity of apnea. The category of severity of apnea using the AHI is <5, <15 and < 30
(Duran et al. 2001). AHI is defined as humber of apnea and hypopnea per hour (Tsai et al.1999). Even though the
higher AHI indicating the more seriousness of apnea for the particular patient, further study is needed , in order
to determine the proportional distribution of apnea for a period of time, say 10% period of sleep.This information
may shed some light on understanding the behaviour occurrence of apnea among adults.

In order to study the disproportional or the inequality occurrence of apnea Lorenz curve, Gini index and Run test
are used. Lorenz curve and Gini index are widely being used in economy sector. For example study of inequality of
poverty distribution in Malaysia( Anand , 1977).Study by Damgaard and Weiner(2000) and He et al. (2005) used
Lorenz curve to determine the inequality of plant size. In medical, the Gini index have been used to describe the
inequality of healthcare among low income patients( Anderson et al. 2002).

Study on functional data has arise since 1990’s. FDA mostly using continous data especially in study
involves medical(Manteiga & Vieu 2007). The suitable data for FDA is a time series data or longitudinal
data that is not equal space( Ramsay & Dalzall 1991).Many study applied the use of FDA and transformed
to smooth function has been discussed by Ramsay & Silverman 2006. Most studies using statistical analysis
such as analysis of variance (Cuevas et al. 2006); principal component(Aguilera et al. 2006 )to analyze
functional data.

The current study wants to determine the variation of occurrence of REM according to gender, age group
and respiratory disturbance index(RDI) in application to analysis of variance for functional data(Cuevas et
al., 2006).REM is a sleep stages. Many studies , for example by Siddiqui et al. 2006 that relates REM and
age, gender and BMI. Furthermore study by Redline et al. 2004 also describes the differences of apnea
during REM and Non REM sleep stages. The total REM for each patients is not the same, because the
sleeping period for each patients varies. Although it is beneficial to study the relationship between REM and
covariates, this might overlook the effect of REM for difference period hour of sleep, as every patients has
difference total hour of sleep.In general the func- tion at which the point of time was observed for example
every 10% period of sleep, or every 25% period of sleep may varies according to patients.The repeated
measurement of REM can produce different curves and its vary according to patients. Some analysis
variance(ANOVA) may able to find out the differences of mean duration of REM between age group, but
the data of REM was measured for every 30 seconds during sleep , but ANOVA didn’t take into account the
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time space between occurrence of REM.Therefore it is more reliable to adapt FDA as the procedure consider
the time space between REM.

2. METHODS

The study was conducted between 1996 and 1998 in Hospital Sarawak, Malaysia . Suprisingly there was not
much study on severity, prevalence of apnea in Malaysia. Study in Malaysia, by Kamil and co-workers in
2007, indicated that 7% of 1611 patients was suspected to have apnea.In statistical model study by Saat et
al.(2010) using data from MIT-BIH indicating that the the appropriate order of Markov chain was three
Jregardless of sleep stages. In this study a apnea events was consist of obstructive sleep apnea(OSA), mixed
apnea(MA) and hypopnea. It is because most of the apnea events among patients was hypopnea. The mean
duration of apnea during REM and NREM sleep stages, was consist of duration of apnea during OSA,MA
and hypopnea.

2.1 Lorenz curve and Gini index
By using Lorenz curve, the rate of apnea for every 10% period of time was sort from smallest to the highest. Then
the cumulative of rate of apnea was plotted (y axis) against cumulative proportion of time(x axis). The time
indicating the period of sleep and was in percentage of 10% until 100%. Consider a n ordered rate of apnea for
duration of sleep until time t, such that zi is the rate of apnea, and z; , z, .., z;, i = 1, ..., t, the Lorenz curve is the
joined of the rate z; and become a points of (r/t, L, /L), r was the sum of apnea for the period 10%, 20%, , ...100%
and t was the sum duration of sleep in epoch, where L, =0 and Lt was the sum of apnea during time i. The
Lorenz curve can be written as follows

F(z) =Pb(Z < 2)

t t

L=) F(Z=2)=) f(z)

[SZ

All cumulative rate of apnea that is differ than the horizontal line of 45° indicat ing that the distribution of the
rate of apnea was inequal. Mean while, by using Lorenz curve it is difficult to indicate if the occurrence of apnea
was higher in the beginning, middle or end of sleep. Therefore the cumulative rate of apnea was plot against
the time . The cumulative rate of apnea will give information if the line of the rate was high in the beginning of
sleep, then the line will be above the horizontal 45°. Furthermore, if the line is below the horizontal 45°
indicating that the rate of apnea happen mostly at the end of sleeping period.

Gini coefficient was also used to measure the inequality or how much variation of REM between 10% period of
sleep for each patients. It is calculated as the sum of difference between the total area under the uniform
distribution which is 45° line and the Lorenz curve. The equation of Gini coefficient is given in equation (1)
where x is the ordered sum of apnea event for every 10% period of sleep, i is the rank based on the length of data,
M is the mean of apnea event for particular patient and n is the length of apnea event and for this study it is 10
because the data was group into 10 period of sleep duration. The minimum value of Gini coefficient is zero
indicating equality of apnea distribution for every 10 % period of sleep and the maximum value is one indicating
the distributions is unequal for every 10 % period of sleep(Andersen et al. 2002).

n 2l—n-1
C=2——5— 1)
i=1 n 7]
2.2 Analysis Variance of the Functional Data Analysis

In the present paper the Analysis Variance(ANOVA) of the FDA has been used to find the variation or similarity
between the REM sleep stages among gender, age group and bmi. Following Cuevas et al.(2006) comparing the
k group of function Ry with j =1, .., nfor group i =1, .., k, the F statistic can be written as

Zk“nH =X [i-1)
ZHX,J =k

F_ @)

54



IJRRAS 10 (1) e January 2012 Saat & al. ¢ Anova of Functional Data Among Sleep Apnea Patients

The null hypothesis was there is no mean difference of REM between age group and bmi. If the null
hypothesis was rejected , indicating that there was mean difference of REM sleep stages. Inthe present paper
permutation technique(Good 2000) will be used to identify the differences between group. The permutation
steps is given below

Step 1

Calculate the mean Rij and apply to the value of F statistic using formula(2)

Step 2

Resample the data ,for example for time point 10%(10,20,30,..100), after resample the time point is (20,
40,10,70,..).

Step 3

Calculate the new value of F statistic using formula (2)

Step 4

Repeat step 2 and 3 for Z times, Z=10000 times. Then compare the original value of F stat with the new value of F
stat.

Step 5

The probability of rejecting Ho is p = (F original > F new)/Z

3. RESULTS

The results was presented into two section, first part was the distribution of the REM. In second part was the
results from the ANOVA of FDA.The range of Gini index can be from zero until one. When the value of Gini
near zero indicating that the distribution of REM is equal foir every 10% period of sleep. In this study we choose
10% period of sleep for simplicity purposes. Figure 1 showed that the distribution of REM sleep stage for every
10% period of sleep was inequal between patients. However, the results of Gini index indicating that the
inequality of the REM distribution is moderate, as all the subjects has Gini index below 0.7.However patients 22
has the highest inequality of distribution of REM which is 0.636. Meanwhile patients 5 and 6 has low inequality
of distribution of REM which is 0.173 and 0.174. This indicates that the distribution of REM was almost similar
for every 10% period of sleep.

In order to find difference between age, bmi and RDI group ANOVA with application of FDA was used. Besides
that, the present study also finding the mean differences of interaction factor. The significance mean difference
was indicated by calculating the probability of F the original F statistic value is more than the F statistic value
from the permutation test.
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Figure 1:Lorenze curve of the percentage of REM for every 10% period of sleep
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RDI Gini index Percentile
2.5% 5% 95% 97.5%
<5 0.285 0.177 0.181 0.334 0.373
0.424 0.099 0.106 0.219 0.235
0.46 0.089 0.099 0.202 0.212
0.174 0.271 0.073 0.156 0.163
0.496 0.275 0.279 0.332 0.3351
0.481 0.268 0.272 0.325 0.33
0.585 0.269 0.276 0.331 0.336
0.489 0.275 0.28 0.329 0.331
0.471 0.276 0.279 0.329 0.335
0.568 0.255 0.267 0.354 0.355
0.4 0.268 0.275 0.3331 0.338
0.434 0.258 0.262 0.352 0.356
0.224 0.246 0.2568 0.333 0.337
0.636 0.259 0.265 0.344 0.348
5-15 0.173 0.267 0.271 0.332 0.334
16— 30 0.355 0.262 0.268 0.341 0.348
0.24 0.271 0.278 0.333 0.339
0.606 0.241 0.246 0.349 0.359
0.564 0.262 0.267 0.336 0.342
0.454 0.262 0.271 0.346 0.35
0.491 0.258 0.2691 0.336 0.344
0.166 0.248 0.255 0.362 0.372

Table 1: Permutation of REM for 10000 simulation of Gini index

Percentile
Variable Fn 2.5% 5% 95% 97.5% Sig
Age 0.99 0.37 0.42 1.17 1.268 >0.05
BMI 0.883 0.39 0.43 1.02 1.09 >0.05
RDI 0.85 0.35 0.39 1.21 1.31 >0.05
Gender x Age 0.75 0.4 0.43 0.78 0.81 >0.05
Gender x BMI 0.54 0.28 0.30 0.54 0.57 >0.05
Gender x RDI 0.72 0.33 0.36 0.72 0.76 >0.05
Age x BMI 0.34 0.22 0.23 0.39 0.41 >0.05
Agex RDI 0.44 0.29 0.31 0.54 0.57 >0.05
BMI x RDI 0.49 0.32 0.34 0.59 0.61 >0.05

Table 2: The percentile of Fn to find mean differences between factors

The result indicates that there was no significance mean difference between age groups, gender , BMI and RDI.
This indicated that the pattern of REM sleep stages is similar for younger and older age group. In addition the
pattern of REM sleep stages is similar between male and female subject and patients with lower and higher BMI.

4. DISCUSSION AND CONCLUSION

This paper discuss the distribution of REM during sleep. The Lorenz curve,Gini index and cumulative graph has
been used to describe the inequality distribution of REM. In this study the Gini index between patients varies , but it
is @ moderate inequality. Therefore the distribution of REM was almost similar during the beginning, middle and
end of sleep. However study by Goh et al.(2000) describe that REM sleep stages was mostly at the end of sleep.
This study is persistent with study by Belyavin (1992) indicated that the REM varies during three period of REM.
It is because the interuptions during sleep which is arousal that influence the change of transition from REM to
nonREM sleep stages.

Study on distribution of REM has been done by many researcher before. Findley et al.(1985) discribed that apnea
was mostly among during Non-REM sleep stages , among older age group and obesity patients. However study
by Siddiqui et al.(2006) found that apnea was worst during NREM and obesity patients. Study by Bliwise et
al. (1988) indicated that duration of REM was lower among older age group. Data of REM was non-periodic and
was repeated measures. It is suitable to be analyzed as functional data. In this study we want to determine the
difference of mean occurrence of REM among age group, bmi and RDI. In contrast from the study the results
indicated that the mean REM was not significantly difference between age, bmi and RDI. The similar result also
shown for interaction term.

Study by Goncalves et al.(2004) showed that the sleep disruptions such as narcolepsy influence the REM. In
addition, the percentage of REM was higher among patients that have higher AHI. In contrast, from the results of
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anova functional data in this study, there was no mean difference of REM distribution between RDI (RDI<5, 5-15
and RDI>15). Study by Bixler et al. (1998) indicated that REM was not associated with excessive daytime
sleepiness(EDS). Patients that has EDS, have a low quality of sleep. This means that eventhough the patients have
the EDS the distribution of REM can be high or low.In this study we found that the occurrence of REM was
independent with gender. This is similar to the study by Rubio et al.(2005) indicated that there was no
significance difference of REM between male and female patients, eventhough REM was higher in male among
patients with RDI<15.

In conclusion,the current study showed that the distribution of REM sleep stages was almost similar for every
10% period of sleep. However the distribution of REM were difference depending on age and gender. In the future
in order to understand more the distribution off REM sleep stages,it is suggested that the occurrence of REM was
studied with other factors such as hypertension, diabetes, smoking habits and EDS.
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