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Background: Kernel smoothing method.is a non-parametric or graphical method
for statistical estimation. In the present study was used a kernel smoothing
method for finding the death hazard rates of patients with acute myocardial in-
farction.

Methods: By employing non-parametric-regression methods, the curve estima-
tion, may have some complexity. In this article, four indices of Epanechnikov,
Biquadratic, Triquadratic.and Rectangle kernels were used under local and k-
nearest neighbors' bandwidth. For comparing the models, were employed mean
integrated squared error. To illustrate in the study, was used the dataset of acute
myocardial infraction patients in Bushehr port, in the south of Iran. To obtain
proper bandwidth, was used generalized cross-validation method.

Results: Corresponding to a low bandwidth value, the curve is unreadable and
the regression curve'is so roughly. In the event of increasing bandwidth value,
the distribution has more readable and smooth. In this study, estimate of death
hazard rate for the patients based on Epanechnikov kernel under local bandwidth
was 1.011x10-11, which had the lowest mean square error compared to k-
nearest neighbors bandwidth. We obtained the death hazard rate in 10 and 30
months after the first acute myocardial infraction using Epanechnikov kernelas
were 0.0031 and 0.0012, respectively.

Conclusion: The Epanechnikov kernel for obtaining death hazard rate of pa-
tients with acute myocardial infraction has minimum mean integrated squared
error compared to the other kernels. In addition, the mortality hazard rate of
acute myocardial infraction in the study was low.

Citation:  Soltanian AR, Mahjub H. A Non-parametric Method for Hazard Rate Estimation in Acute Myocardial Infarction Patients:
Kernel Smoothing Approach. JRHS. 2012;12(1):19-24.

Introduction

urrently incidence of acute myocardial
infarction is leading cause of death in de-
veloping countries’. The most appropriate

tients’ survival time, are Cox regression and the
cumulative hazard function graph, which show
cumulative hazard rate in observed times. The-
se methods cannot show hazard rates in arbi-

method for calculating hazard rates from acute
myocardial infarction is survival models”.

Because of difficulty implementing cohort
studies, most researchers estimate mortality
rates caused by myocardial diseases using his-
torical cohort studies”.

In analysis of survival data, the most common
methods to study the risk factors effect on pa-

trary time with low variance and bias mutual-
ly”.

In survival studies, knowing the hazard rates,
such as survival rates are important”.If consid-
ering an appropriate distribution for survival
time, can be calculated the related survival in-
dices precisely. However, in most cases, it is
impossible to fit a parametric distribution”.
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Moreover, since many possible models can fit
to data, the proper parametric model may not
exist as well as the computational cost may be
high>. In addition, performing analysis based
on censored data is more difficult than the
complete data’.

Conventional approaches for analyzing cen-
sored data and estimating of hazard function
are computationally complicated and often dif-
ficult to explain to practitioners. Moreover, al-
ternative methods such as partial likelihood and
full likelihood estimations for semi-parametric
and parametric models respectively have sever-
al limitations”*®.

Non-parametric methods such as kernel
smoothing do not require a previous knowledge
of how the variables are distributed. In addi-
tion, these methods are understood more easily
so are implemented more than other approach-
es””. In survival analysis, hazard rates are im-
portant for estimating transition rates. In
smoothing methods, a data adaptive bandwidth
improves the bias-variance trade off and reduc-
es the boundary bias near the origin. Kernel
smoothing methods used in cardiac disease es-
pecially in magnetic resonance imaging (MRI)
for assessment of ventricular function in acute
myocardial infarction™.

Soltanian et al’ estimated only cumulative haz-
ard rates of first acute myocardial infarction on
Bushehr inhabitants, in the south of Iran. A
non-parametric method like kernel smoothing
could apply for analyzing right censored data in
an experiment.

In this study, is considered only right censored
data, in which the values of the observations in
one of the distribution tails were not known.
Moreover, a non-parametric method for estima-
tion of a smooth curve for hazard rates on the
acute myocardial infarction people has not per-
formed yet.

Therefore, the aim of the present study is using
a set of kernels smoothing for estimation of
death hazard rate in the patients with acute my-
ocardial infarction to select a kernel as the most
proper between the set of kernels.

Methods

In this study, we used the Bushehr’s da-
taset”, which examines the factors affecting the
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survival of patients with first acute myocardial
infarction (AMI) on the resident population of
Bushehr City, in the southern of Iran. In
which, was considered the extracted baseline
information of 197 patients diagnosed with
AMI retrospectively.

In a checklist, were collected demographic
and baseline information of patients which
were admitted and hospitalized in Bushehr’s
hospitals. The follow up time was up to five
years in terms of mortality status and cause of
death. Cause of death was collected based on
death certificate and burial certificates de-
ceased. The first acute. myocardial infarction
considered as the starting point for each patient.

Initially, the survival rate of individuals was
estimated using Kaplan-Meier estimator. Then,
were estimated the hazard rates. In the next
step, we have drawn smoothed graph of the
hazard rates measures using non-parametric
kernel smoothing. The kernel smoothed hazard
rate estimator defined for all time points;

0=t, <t <..<t,. For time points t,

b<t<t, —b, the kernel smoothed estimator of
hazard rate of based on the kernel K(.)is given

by
mw:%gQE}] (1)

with bandwidth b and number of data points
of n. Under mild conditions (bandwidth must
decrease with increasing n), the kernel estimate
converges in probability to the true density.
Kernel function has alteration according to dis-
tribution type'”. Choosing of optimal band-
width can be obtained by two methods, Plug-in
and Cross-Validation” ****, in which Cross-
Validation method was used in the study. For
choosing the best bandwidth cross-validation
method is a common method. For more sensi-
tive examination was developed a Generalized
Cross-Validation using equation 2 that suggest-
ed byHardle",

RRS(b)

n{l—tr(B)}2
n

Where;, RRS denotes the sum of error, tr (B)
denotes trace smoothing matrix or hat matrix

GCV (b) = (2)



and n shows the sample size. The RRS calcu-
lates as equation (3),

RRS = n;(ti -m(u; )’ ©)

where, m(u,) shows the smoothing function
and t, means the observed value. In this article,

we compared between Mean Integrated
Squared Error (MISE) indices of Epanechni-
kov, Biquadratic, Triquadratic and Rectangle
kernels under local and k-nearest neighbors
bandwidth** ™ selection method. We used Ker-
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nelSmooth, MASS and mvtnorm under R
2.12.1 software for data analysis.

Results

The totally 197 patients were enrolled in the
present study. All patients followed to the end
of the study. Twenty-seven (13.7%) subjects
were died and two subjects were withdrawal.
In the study, 144 subjects were man and 53
subjects were woman. There was no significant
difference between survival rate of men and
women (Table 1, P=0.438).

Table 1: Kaplan-Meier estimate of survival time among patient with acute myocardial infarction (AMI)

Kaplan-Meier

Eventof  Number Number of estimate 95% ClI
Gender AMI of death censors (%) Mean SE Lower  Upper P value
Male 144 20 124 (86.1) 53.514 / 1.415 50.741 56.287 0.438
Female 53 7 46 (68.8) 54377 2.088  50.285 58.470
Total 197 27 170 (86.3) 53.746  1.177 51.439 56.054

In this study, we obtained interpretable re-
gression curves using different kernels, which
estimated based on generalized cross-
validation, and different kernel density estima-
tion.  Considering distribution type, cross-
validation algorithm can determine  optimal
bandwidth value. According to the distribution
type, such as Epanechnikov, Bi-quadratic, Rec-
tangle and Tri-quadraticcan obtain different
regression curves (Figure 1).

Each distribution has different curve as well
as mathematical equation. As in Figure 1 is ob-
served, the obtained mortality hazard curves
using Bi-quadratic and Tri-quadratic kernels
are huge smooth, but the mortality hazard curve
based on Rectangle is very rough and jagged.

The hazard rate curve based on Epanechni-
kov kernel does not such defects. MISE values
of each kernel in this study indicate that the ob-
tained hazard rate of the first acute myocardial
infarction under Epanechnikov kernel is more
precise than the other kernels (Table 2).

In addition, Table 1 shows the MISE meas-
urements based on different kernels and band-
width selection methods. In which, the study
showed that Epanechnikov kernel using band-
width selection method of local has minimum

MISE to estimate hazard rate in acute myocar-
dial infarction (Table 2).

In this study, we obtained the death hazard
rate in 10 months after the first acute myocar-
dial infarction wusing Epanechnikov, Bi-
quadratic, Tri-quadratic and Rectangle kernels,
were 0.0031, 0.0028, 0.0036 and 0.0027, re-
spectively. Also, the hazard rate in 30 months
after the first acute myocardial infarction using
Epanechnikov, Bi-quadratic, Tri-quadratic and
Rectangle kernels were 0.0012, 0.0011, 0.0013
and 0.001, respectively. Figure 1 shows that
Epanechnikov kernel estimates death hazard
rates through 30" to 40™ month are less than
the others kernels.

Discussion

An effective procedure based on non-
parametric method, kernel smoothing, is pro-
posed well in this work for hazard rate estima-
tion of patients with acute myocardial infarc-
tion when exist singly censored data. In the
study, we converted the cross-sectional design
to a hypothetical cohort design by Lexis meth-
od for estimate of death hazard rate.

JRHS 2012; 12(1): 19-24
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Figure 1. Smoothed plot hazard rate across the time to event among patient with acute myocardial infarction (AMI) for
Epanechnikov, Biquadratic, Rectangle and Triguadratickernel and bandwidth (h=2)

Table 2: Comparing between mean integrated-square error (MISE) indices based on different kernel

Kernels Bandwidth selection method MISE
Epanechnikov Local 1.011x10™
§(1—u )1 (Ju |<1)? K nearest neighbors 8.535x10°
4

Biquadratic Local 1.112x10°
E(l_UZ)Z I(lul<l) K nearest neighbors 1.021x10™
16

Triquadratic Local 1.231x10°
§(1—u2)3 I(Jul<1) K nearest neighbors 1.192x10™
32

Rectangle Local 2.231x10®
1, (ulcd) K nearest neighbors 7.759%10°
2

& -1<u=(t-t;)/b<1 and | is an identity matrix

If bandwidth has a low value, the curve is
unreadable and the regression curve is so
roughly. In the event of increasing bandwidth
value, the distribution has more readable and
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smooth. However, choosing inappropriate high
bandwidth value, will be hidden the variance of
population. Contrast to high-level value of
bandwidth, the small value can produce curse



of dimensionality’”. Therefore, choosing the
bandwidth value is too crucial. We measured
performance of kernel by MISE like Oden et al.
study'®, which compared the distribution of
cystatin C for kidney disease. They used a
smoothing bandwidth of 1.5 times of the stand-
ard deviation. In addition, Roger et al'’ used
kernel smoothing in order to compare post pro-
cessing techniques for perfusion defects in pa-
tients having myocardial infarction. They re-
ported that bandwidth of 200 was equivalent to
bandwidth of 150 under Epanechnikov kernel
method. In addition, Jonset et al'® used kernel
smoothing method for study of incidence and
prognostic factors on fibrillation in patients
with acute myocardial infarction and left ven-
tricular systolic dysfunction. They found a
bandwidth 4.8 months using MISE. In the pre-
vious study, was used kernel-smoothing plot,
but in our study, four kernels used for smooth-
ing hazard rate curves. The estimate hazard
rates based on the four kernels in the first 10
month were different. In other word, hazard
rate estimation from starting time to 5" month
under Epanechnikov and Rectangle kernels
were increasing but under the other kernels
were decreasing. Therefore, as we mentioned
before, a kernel function must be used with the
lowest MISE, i.e., Epanechnikov kernel, for
estimating the hazard rate of myocardial infarc-
tion.

The proposed procedure for estimating the
hazard rate is simpler than the parametric mod-
el. Kernel function is capable of creating opti-
mal curves according to appropriate distribu-
tion types. In this study, curse dimensionality
and kernel function was scrutinized to fix the
problem. In this work, based on MISE values,
the hazard rates estimation under Bi-quadratic,
Tri-quadratic and Rectangle kernels are overes-
timate or underestimate.

Conclusion

The Epanechnikov kernel to obtain death
hazard rate of patients with acute myocardial
infarction has minimum mean integrated
squared error compared to the other kernels. In
addition, the mortality hazard rate of acute my-
ocardial infarction in the study was low.
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