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Abstract

Objective: The application of piecewise hazard model in mortality data becomes more useful over classical survival meth-
ods. This method is used to find the number of location of cut points and estimate the hazard model. The piecewise hazard
model is fitted on National family health survey (NFHS IV) from different variables like socio demographic, biological and
proximate co-factors.

Methods: The various methods are used to apply on mortality data. Exponential hazard model, Weibull hazard model and
piecewise constant hazard model are illustrated on mortality data. Cox regression analysis is also performed to find the
significant role of co-factors. Free R software is used analysis of mortality data.

Results: It is found that women’s age in years, total children ever born, present breastfeeding, smoking, size of child, deliv-
ery by caesarean section, ANC visits, and birth orders are important factors and six month time interval is very crucial for
child till completing the five year of the age.

Conclusion: Piecewise hazard model is found very important for the under-five child mortality, through the various times
cut point. The Piecewise hazard model can be useful for clinicians, researchers and public health experts. Time is very im-
portant factor for reducing the child mortality.
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Introduction both categorical and continuous vatiables, and could be model the
effect of multiple variables at once [2]. The Cox PH regression
models characteristic log of the risk at time t, signified by h (t), as
a function of the baseline hazard (4,(2)) and a few indicator factors

x1,x2,... ... xn. The model is.

The survival analysis is a technique to quantify the patient's
survival that after treatment in a specifics infection. Survival and
reliability is defined as reliability use for machine working period
or machine solid in period, while survival analysis use in life the
survival status of patients. In the survival techniques; measure logh((9) = /qg(bo @) + ﬁ, x,t ,52 Xperennn ﬁ,, X =men (1.1)
the survivor function, or the hazard function. The hazard is

the momentary occasion (demise) rate at a specific time point
t. In survival techniques doesn't expect the hazard is consistent
after some time. The aggregate hazard is the cumulative hazard
experienced up to time t. The survival function is likelihood an
individual survives up to and including time t. The likelihood the
occasion (e.g,, demise) hasn't happened yet. The Kaplan-Meier
curve appraises the survival curve of patients who representing
the proportion of patients who survived over time [1]. The Cox
PH regression technique is reasonable for survey the impact of
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Take the exponentiation both sides of the equation, and limit the
right hand side to just a single categorical exposure vatiable (x))
with two groups (x, = 7 for exposed and x, = 0 for unexposed),
the equation becomes:

hyo=hy(1)+e™ 1.2)

After solve the equation estimate the hazard ratio, comparing the
exposed to the unexposed individuals at time t by given formula:
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R = ho(t)eﬁl _ eﬂl o (13)
hy (1) '

The e is the hazard ratio and other constant over time t. The B is
the regression co-efficient that estimate from model and represent
the log(Hazard Ratio) for each unit increase in the corresponding
predictor variable.

The relationship between survivor function and hazard
function

Let G (4) = log 5(? Then the derivative of G (4) is written as:

OlogS(®) _S'(®) _ f@®) _
o S St

G (9 from G '(5) by integration, which is shown below.

G'(t) = —A(t)

G(t) = j.G'(u)du =j[—/1(u)]du = —jﬂ(u)du

Since G() = lg S(), Exp(G()) = S(i). Thus,

exp(G(2)) = exp(—j l(u)duj =S5(@)

Thus, the relationship between the survivor function and the
hazard function is given by:

Let x be the row vector of explanatory variables, and § be the
corresponding column vector of coefficients. The model hazard
function A(t, x, B) as,

A2, x, B) = 4, () exp(xf5)

A,(?) is called the baseline hazard. There are several choices for
the baseline hazard models are exponential hazard model, Weibull
hazard model and Piecewise-constant hazard model.

Piecewise-constant hazard model

An essential expansion of the exponential model is known as
piece-wise exponential model or piecewise- constant hazard
model. This model originates from an appropriation whose hazard
rate is a step function. It will be moved relatively relying upon
the group parameters. This model is most adaptable and easy
yet great group of models. In this model, need to fragment the
survival into a numerous pieces. In this model accept that inside
each fragment, the hazard is constant but between segments,
hazard could be different. The hazard function can be written as:

A(t)=Afor 0<t <
=, for ¢, <t <c,
=, for c,, <t £®

Assume the segment the survival into three pieces, 0 ~10, 11~20,
21~00, Give B1 a chance to be the fake variable that takes 1 if the
recorded survival is in the primary section. B2 is the fake variable
that takes 1 if the recorded survival is in section 2. B3 is the sham
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for those whose recoded survival is in fragment 3. To measure the
piecewise-constant hazard model. Let us divide the fragment in
the accompanying way:

Segment 1: 0~5 years
Segment 2: 6~10 years

Segment 5: 21~25 years
Segment 6: 26 years or greater

In this study assessing the basic hazard function with likely time
change points. It will demonstrate the survival pattern of the
patients and which time points is more demise or more censor.
Assessing the survival trend for entire population will give better
comprehension of how changing treatment, patients monitoring,
health facilities of patients, and public health services, affect
the population survival analysis. Likewise, find the individual
understanding the hazard function including how and when
changes in the risk for death happen, considers an actual existence
way perception.

Past researches have proposed strategies for finding a solitary
change point in a piecewise consistent hazard function [3]. None
but less, in the clinical research and expanding survival rates of
patients accept there might be a few situations where a model with
at least two change points is more proper [4]. This technique is
used for change points in prostate cancer death rates [5]. Built up
a piecewise-exponential methodology where Poisson regression
model parameters were assessed from pseudo-probability and the
comparing differences were determined by Taylor linearization
strategies [0]. The study is demonstrated the estimation of a
change point in a hazard function dependent on censored data
[7]. Another study shows the piecewise constant hazard model to
evaluate the mortality inferable from some normal risk factors [8].
In a research article, it is proposed another strategy to naturally
locate the suitable number and area of the cuts utilized in this
model [9]. Another study has done to find the survival status
of under-five child mortality in Uttar Pradesh [10]. Proposed
this model under-five child survival status through NFHS-IV
information of Uttar Pradesh and taken the vatious time points
for finding the adjustments in the constant hazard function in
this study.

Material and Methods

Secondary data has been taken from NFHS-IV of Uttar Pradesh
under-five children data sets. For analysis, the age of the children
in months is ascertained as pursues: age = V008 — B3, where V008
is the century month code (CMC) of the date of meeting, and B3
is the CMC for date of birth of the kid. The variables affecting
under-five child survival from the data set is chosen dependent on
the paper by Mosley [11]. These components were sorted into the
accompanying four classifications; Social demographic and social
economic, environmental and proximate or biological factors but
in this paper used the analysis based on three social demographic
and social economic, proximate and biological factors only. First
calculated the important factors who play the important role in
survival of the child mortality through Cox-regression analysis
after that those important factors used in the piecewise constant
hazard analysis. All the analysis done through MS-Excel and R
3.2.
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Result

The Table.l shows that survival status of under-five year
children. In this table shows that total 93% cases censored as
per data because child death is considered event under study.
Total survival time of children is 59 months (Figure 1) and
plot shows the survival probability and censor cases report of
children, where + symbol is the censor in the graph. In the table
1.1 shows the socio-economic and demographic factors to play
important role in child survival status through Cox-regression. It
is found that educational level, women's age in years and religion
play significant role in the child survival status. In the Table 1.2
calculated the environment factors to play important role in child
survival status and none variable found significant role in the child
survival status.

In the table 1.3 It is calculated the proximate and biological factor
to play important role in children survival status and find that
variable like children ever born, births in last five yeats, number of
living children, currently breastfeeding, smokes cigarettes, desire
for more children, weight of child at birth, delivery by caesarean
section, ANC visits and birth order play significant role in the
survival status of children. Cox-regression analysis gives the idea
of important factors that play the important role in the survival
status of children. The hazard rate of the children is calculated
at different time points. The time points have been distributed
in 6 month, 10 month, 11 month and 12 month. Figure 1.1, 1.2
and 1.3, shows the hazard rate variation at the 6, 10, 11 and 12
months interval; the figure clearly shows that maximum number
of disparity of hazard rate in 6 month intervals, therefore,the
six month time interval has been selectedfor piecewise hazard
analysis. It is calculated that the total nine piecewise constant
hazard model through including the significant covariates for
finding the hazard function at various time point.

The model breaks the data into pieces, where may fit constant
hazards within these pieces .The hazard function value comes
between defined pieces or interval time in months of all patients.

http://scidoc.org/IJTCM.php

For specifying the model with a smooth hazard function, the
follow-up period was divided in 7 consecutive intervals of 59
months length. Covariates effect is calculated and represented in
the graph. In the model chooses important variables which were
found through Cox-regression analysis and the parameters for
checking the effect of survival status.

The first piecewise hazard model includes educational level religion
and women's age in years for the analysis of child survival status.
This model breaks the data into pieces, where may fit constant
hazards within these pieces. The table 1.5 shows the piecewise
constant hazards model and find out educational level and
women's age is found to be significant factor in piecewise hazard
model. Figure 1.5 describe the detail of first model including
covariates with a piecewise constant hazard function, piecewise
constant cumulative hazard function, piecewise constant density
function and piecewise constant survivor 7 consecutive intervals
till 59 months. In this figure peak of the hazards continuously
increasing respect to increasing time.

The second model includes proximate and biological factor for
under-five child mortality.

Table 1.6 shows the significant proximate and biological factors
which are found through Cox-regression analysis. All variables
are found to be statistically significant in the Cox-regression
analysis and also found statistically significant in piecewise
constant hazards model of the child mortality status. Figure 1.6
shows the piecewise constant hazard function, piecewise constant
cumulative hazard function, piecewise constant density function
and piecewise constant survivor 7 consecutive intervals till 59
months including proximate and biological factors.

Finally selected all significant factors and combined together to
check effect of the factors in under-five child mortality. Table 1.7
shows that the factors women's age in years, total children ever
born, birth in last five years, number of living children, present
breastfeeding, smoking, desire for more children, size of child,
delivery by caesarean section, ANC visits and birth orders have

Table 1. Status of child survival of under-five year.

Censored
Total N | N of Events (Deaths)
N Percent
41751 2830 38921 93.20%
Figure 1. Child survival status.
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Table 1.1. Cox-regression analysis Socio-economic and demographic factors of the child survival.

95.0% CI for
S.No. Factors B Sig. | Exp(B) Exp(B)

Lower | Upper
1 Educational level -0.173 1 0.003 | 0.841 0.751 0.943
2 Sex of household head -0.086 | 0.577 | 0.917 0.677 1.242
3 Women’s age in years -0.041 | 0.00 0.959 0.939 0.981
4 Current marital status 0.206 | 0.10 1.228 0.962 1.569
5 Husband/pattnet’s education level -0.082 | 0.17 0.921 0.819 1.036
6 Husband/pattnet’s occupation 0.005 | 0.244 1.005 0.997 1.012
7 Respondent currently working 0.158 | 0.525 [ 1.171 0.72 1.905
8 Respondent’s occupation -0.006 | 0.091 0.994 0.988 1.001
9 District -0.002 | 0.301 [ 0.998 0.993 1.002
10 Religion -0.31 | 0.025 | 0.734 0.56 0.962

Table 1.2. Cox-regression analysis Environment Factors of the child survival status.

. 95.0% CI for Exp(B)
S.No. Factors B Sig. | Exp(B)

Lower Upper
1 Place of residence -0.141 | 0.607 | 0.868 0.506 1.489
2 Wealth index -0.072 | 0.474 | 0.931 0.764 1.134
3 Source of drinking water 0.014 | 0.227 | 1.014 0.992 1.036

4 Slum designation by observation [ -0.124 | 0.682 | 0.883 0.487 1.6
5 Type of toilet facility -0.016 | 0.148 | 0.984 0.963 1.006

Table 1.3. Cox-regression analysis The Proximate and Biological factor of the child survival status

. 95.0% CI for Exp(B)
S.No. Factors B Sig. Exp(B)
Lower Upper
1 Total children ever born 0.295 0.00 1.343 1.287 1.403
2 Births in last five years 0.645 0.00 1.905 1.796 2.021
3 Number of living children -0.747 0.00 0.474 0.454 0.494
4 Currently breastfeeding -0.622 0.00 0.537 0.483 0.596
5 Anemia level -0.045 0.102 0.956 0.905 1.009
6 Smokes cigarettes 2.064 0.00 7.881 2.53 24.545
7 Chewing tobacco 0.167 0.684 1.181 0.53 2.635
8 Desire for more children -0.155 0.00 0.857 0.833 0.882
9 Sex of child 0.016 0.737 1.016 0.927 1.113
10 Size of child at birth 0.151 0.00 1.162 1.12 1.207
11 Birth weight (kg) 0 0.055 1 1 1
12 Delivery by caesarean section 0.511 0.00 1.667 1.395 1.993
13 ANC Visits -0.307 0.001 0.735 0.61 0.887
14 Birth Order 0.834 0.00 2.302 1.996 2.656
15 Media Exposure -0.033 0.51 0.968 0.879 1.066
16 Birth Interval 0.072 0.153 1.075 0.974 1.187

played significant role in under-five child mortality in the pricewise
constant hazard model. Figure 1.7 describes the piecewise
constant hazard function, piecewise constant cumulative hazard
function, piecewise constant density function and piecewise
constant survivor 7 consecutive intervals till 59 months including
all combine factors.

Discussion and Conclusion

In survival analysis, when interest is to estimate the hazard
rate, an essential and popular model is the piecewise constant

hazard model. This model is easy to calculate as the hazard rate
is supposed to be constant on some pre-defined time intervals
and plotting the hazard rate gives a quick idea of the progress
of the event of interest through time. Different time periods
for appraisal of mortality, extending from 28 days to a half year
and including 35 days, 60 days, and 90 days, have been utilized
in eatlier clinical trials [12], while this model can be utilized in
a nonparametric setting, usually utilized in mix with covariates
impacts [13]. This is the situation for example for the popular
Poisson regression model [14] and accept a relative impact on the
covariates and a piecewise constant hazard model for the baseline
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Table 1.4. Hazard rate of the under-five age of children.

Time Hazard
Hazard Rate for 6 months intervals
0-6 0.064
7-12 0.078
13-18 0.065
19-24 0.07
25-30 0.075
31-36 0.07
37-42 0.069
43-48 0.079
49-54 0.069
55-59 0.07
Hazard Rate for 10 months intervals
0-10 0.067
11-20 0.066
21-30 0.073
31-40 0.078
41-50 0.077
51-59 0.068
Hazard Rate for 11 months intervals
Time Hazard
0-11 0.07
12-22 0.066
23-33 0.068
34-44 0.068
45-59 0.068
Hazard Rate for 12 months intervals
0-12 0.074
13-24 0.067
25-36 0.069
37-48 0.074
49-59 0.068

Figure 1.1. Hazard rate graph of six month interval.
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hazard [15]. Proposed an imaginative strategy to appraise the
hazard rate in a piecewise constant model. This technique gives
a programmed strategy to locate the number and location of cut
points and to estimate the hazard on each cut interval. Utilized the
piecewise hazard model to fit for under-five child mortality data
of Uttar Pradesh which was taken from NFHS-IV. This model
is exceptionally helpful to find the patient hazard in various time
points and this technique actualizes and assumes a critical job in
the survival models particularly different occasions cut points.

First time piece-wise constant hazard model has used for finding
the crucial month period and influenced factors in under-five
child mortality. In this study utilize add up to three models to
evaluate our outcome through piecewise hazard model and
portray the critical factor for our study. In study found that
proximate and biological factors are more critical for the child
mortality and half year or six months are extremely urgent for
children till completing the five years of age, these outcomes can
advise the determination of time points for evaluating survival
status of under-five children mortality. This model can useful in
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108




OPEN ACCESS

Figure 1.2. Hazard rate graph of ten month interval.
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Figure 1.3. Hazard rate graph of eleven month interval.
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Figure 1.4. Hazard rate graph of twelve month interval.

.076
.074
.072
.070
.068

Hazard Rate

.066
.064
.062

Hazard Rate for 12 months intervals

0-12 13-24 25-36 37-48 49-59

Hazard

Table 1.5. Piecewise constant hazards model with Socio-economic and demographic variable.

S.No. Covariate W.mean | Coef | Exp (Coef) | Wald p
Education Status 1.05 -0.145 0.086 0
Religion 1.22 -0.082 0.921 0.06
Women’s age in years [ 28.53 -0.042 0.959 0

Figure 1.5. Piecewise constant hazards, cumulative hazard, density and survivor functionwith covariates.
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Table 1.6. Piecewise constant hazards model with Proximate and Biological factor.

S.No. Covariate W.mean | Coef | Exp (Coef) [ Wald p
1 Currently Breastfeeding 0.55 -0.75 0.468 0
2 Anemia level 3.25 -0.09 0.911 0
3 Desire for more children 4.2 -0.33 0.716 0
4 Size of child 3.12 0.15 1.16 0
5 Child Birth weight (kg) 6348.05 0 1 0.003
6 ANC Visits 0.12 -0.53 0.58 0
7 Birth order 1.95 -0.09 0.91 0.026
8 Smokes 0 1.37 3.96 0.017
9 Delivery by caesarean section 0.08 0.27 1.31 0
10 Total children ever born 3.23 0.19 1.21 0

Figure 1.6. Piecewise constant hazards, cumulative hazard, density and survivor function with covariates.
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Table 1.7. Piecewise constant hazards model with combine variables.

S.No. Covariate W.mean | Coef | Exp(Coef) | Wald p
1 Women’s age in years 28.54 -0.04 0.95 0
2 Education 1.05 -0.02 0.98 0.32
3 Religion 1.22 -0.005 0.99 0.91
4 Total children ever born 3.23 0.48 1.63 0
5 Birth in last five years 1.72 0.32 1.38 0
6 Number of living children 2.88 -0.99 0.36 0
7 Currently Breastfeeding 0.55 -0.41 0.65 0
Smoking 0 1.97 7.19 0.001
Desire for more children 4.19 -0.16 0.85 0
10 Size of child 3.12 0.17 1.18 0
11 Delivery by caesarean section 0.08 0.14 1.15 0.03
12 ANC Visits 0.12 -0.4 0.66 0
13 Birth order 1.95 0.57 1.78 0
Saroj RK, KN Murthy, Kumar M. Piecewise Hazard Modeling for Under-Five Child Mortality. Int J Translation Community Dis. 2019;7(1):104-111.
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Figure 1.7. Piecewise constant hazards, cumulative hazard, density and survivor function with covariates.
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health care policy decisions and with an upgraded comprehension

of the adjustments in population death rates can recognize gaps,

seek solutions, improve performance, and ultimately, better the
public’s health.
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