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Abstract
Introduction: Chronic kidney disease (CKD) is the progressive loss of kidney function. Prevalence of every stage of CKD is rising over the
period with increasing number of diabetic, hypertensive and elderly population. It is becoming a problem of epidemic proportions in India.
Objectives: Comparison of the survival function of CKD patients with different disease stages criticality grouped on the basis of gender,
diabetes and hypertension.
Patients and Methods: The retrospective data of 117 patients suffering from CKD during the period March 2006 to October 2016 is used.
In the present study, log-rank, Gehan-Wilcoxon, Tarone-Ware, Peto-Peto, modified Peto-Peto and tests belonging to Fleming-Harrington
test family with different (p, q) values are applied to test the statistical significance of the difference between two survival functions under
different conditions. The parametric test has also been applied to compare the survival time distribution of two groups.
Results: Kaplan-Meier method and survival comparison tests suggest no difference between survival experiences of the two groups namely
female and male on the basis of grouping variable gender. However, in simulation study as we increase the sample size it is observed
that it affects more women than men especially in stage 3 of CKD patients. The survival functions of two groups of CKD patients based on
diabetes and hypertension differ significantly.
Conclusion: The survival experiences of two groups of CKD patients based on the grouping variables diabetes and hypertension differ
significantly on the basis of real data and simulation study. The grouping variable gender as a significant factor becomes evident only when
large samples are generated under simulation study.
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Introduction
The survival analysis involves a number of statistical
analytical methods when the outcome variable is the time
until a specified event of interest occurs. Clinical outcome
defines the event of interest in clinical research. The
associations between the prognostic factors and clinical
outcomes can be well examined with the help of survival
analysis. It also helps in predicting the individual’s risk
of developing a clinical outcome. In chronic kidney
disease (CKD), most of the patients experience censored
event time on account of end of the pre-specified time
period or death or withdrawal from the study or some
other competing event. The most important aspect of
the survival studies is the comparison of survival time of
different groups. The need for the comparison of survival
time distribution or failure time distribution among two
or more groups is always felt in the field of biomedical
studies. Rossing et al (1) applied Log rank test to compare
the survival curves corresponding to the three levels of
albuminuria in diabetic patients who were dependent

on insulin. Joss et al (2) used the Kaplan-Meier method
to derive the survival curves and applied log-rank test
to determine the statistical significance between the
differences in estimates of survival functions of diabetic
nephropathy patients and type 2 diabetic patients. Clark
et al (3) used Kaplan–Meier method for estimating and
comparing different groups of ovarian cancer patients.
The data were collected from Western general hospital
in Edinburgh. They have also used the technique for
analyzing data on lung cancer patients. Chiaranda et
al (4) assessed the differences in survival in patients
with cardiovascular disease by Kaplan-Meier curves. To
determine the effect of vein graft intervention on survival
times in diabetic case, Ashfaq et al (5) compared the
two groups of patients having diabetes and no diabetes
by applying log rank test. Villar et al (6) applied Cox
proportional hazard model to assess the effect of renal
replacement therapy on survival time among three groups
of patients, namely patients suffering from type 1 diabetic
disease, patients suffering from type 2 diabetic disease and

Received: 3 March 2022, Accepted: 23 June 2022, ePublished: 30 August 2022
Department of Statistics, Kirori Mal College, University of Delhi, Delhi, India.
*Corresponding Author: Shrawan Kumar, Email: shrawan.kmc@gmail.com, shrawankumar@kmc.du.ac.in

Kumar et al

Implication for health policy/practice/research/
medical education
The survival function of two groups of CKD patients based on
grouping variable diabetes, hypertension and gender have been
compared by different statistical methods and it was found the
survivability is less in case of CKD patients suffering from diabetes
and hypertension. It was further observed that survivability is less in
female CKD patients. It is advised due care must be taken to control
the diabetes and hypertension by changing the life style, modifying
the diet, inclusion of physical exercise and proper medication. Steps
should be taken to identify and control the early stage of CKD.

non-diabetic patients. Zhao et al (7) applied generalized
log-rank test for studying the statistical significance of
difference between the survival times of two groups.
Akbar et al (8) compared the performances of the logrank and generalized Wilcoxon tests with low and high
censoring rates for small and large sample sizes. In case
of small sample size, the comparison between log-rank,
Gehan-Wilcoxon, Tarone-Ware, Peto-Peto and F-H tests
was studied by Jurkiewicz and Wycinka (9). Hsu et al (10)
applied survival analysis to evaluate factors associated
with time to an event of interest namely end-stage renal
disease and mortality among CKD populations.
In this study we estimated the survival function of two
groups of CKD patients using different non-parametric
tests. Here, the survival time is defined as time from
diagnosis of current stage of CKD to the progressed stage
of disease, that is, the change of stage till the end of study.
The data obtained is subject to type I progressive censoring
as the event of interest (change of stage of disease) may
not be observed for all patients until the end of study. The
censoring time varies for each patient due to difference
in time points of joining the study. This article deals with
the comparison of the survival function of two groups
of CKD patients with different disease stages criticality
grouped on the basis of sex, diabetes and hypertension.
The non-parametric method namely Kaplan-Meier
method is applied to estimate and compare the survival
function of two or more groups over time. The nonparametric method will solve the validity issue associated
with progressive censored data. Survival curves have
been drawn to study the difference between the survival
function of two groups of patients. However, these curves
provide crude idea only about the difference in survival
function. Since, the survival studies involve the data on
censored observations too, some special non-parametric
tests are required for testing the statistical significance of
difference in survival functions of two or more groups. In
the present study, Log-rank, Gehan-Wilcoxon, TaroneWare, Peto-Peto, Modified Peto-Peto and tests belonging
to Fleming-Harrington test family with different (p, q)
values are applied to test the statistical significance of the
difference between two survival functions under different
conditions. The likelihood ratio test has also been applied
for the comparison of survival time distribution of two
2
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groups by fitting an appropriate distribution. Simulation
study has been carried out for the comparison of survival
time distributions corresponding to two groups. It also
helps in overcoming the limitation of small sample data/
cross sectional data, if any. The methods and procedures
used in this article are not confined to CKD only but can
also be applied for other biomedical studies requiring
the comparison of survival function of two or more
independent groups.
Objectives
Comparison of the survival function of CKD patients with
different disease stages criticality grouped on the basis of
gender, diabetes and hypertension.
Patients and Methods
Study design
In this study we use the data set comprising of information
like time of visit, stage of disease, gender of patient, status
of diabetes and hypertension corresponding to 117 CKD
patients.
Here, the survival time is time of change of disease stage
from the initial diagnosed stage to higher stage till the end
of the study period. Let rj denotes the number of CKD
patients who can experience the event just before the
time tj that is, the number of patients who are at risk at
time tj. In addition, let dj denotes number of CKD patients
who have experienced the change of stage at time tj. Let
t1 < t2 < . . . < t D be the distinct ordered times of change
of stage (excluding censoring time). The Kaplan-Meier
estimator of the survival function is obtained as:
 1,

S (t ) =   d j 
∏ 1 −  ,
 t j ≤t  rj 
∧

if t < t1

(1)

if t ≥ t1

Survival comparison tests
These non-parametric tests for test of hypotheses uses
the observed and expected estimator of survival function
computed from the underlying model defined under
the null hypothesis. Comparison of weighted difference
between the observed and expected survival function
is always preferred over direct comparison. Under the
weighing system, it is possible to put more weight on
certain parts of the curve by assigning different set of
weights. When different sets of weights are used the
test becomes more sensitive to earlier, middle or later
differences from the hypothesized relationship defined
under null hypothesis. The hypotheses for the comparison
of the survival functions of the two groups are defined as:

H 0 : S1 (t ) = S2 (t ), for all t ≤ τ Versus

(1)

H1 : S1 (t ) ≠ S2 (t ), for some t ≤ τ

(2)

Where, τ is the largest time ensuring at least one
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individual at risk in both the groups. The objective is
to make an inference about the survival function for all
the time points less than τ. The sample data consists of
right censored observations for both the populations. Let
t1 < t 2 < . . . < t D be distinct event times in the pooled
sample. Further, let
i denotes the group number (i = 1,2)
j = 1, 2, . . ., D denotes the time at which event has occurred.
dij denotes the number of individuals experiencing the
event in the ith group at time tj
rij denotes the number of individuals at risk in the ith group
at time tj
dj denotes the total number of individuals in both the
groups who experience the event at time tj
rj denotes the total number of individuals at risk at time tj
in both the groups
r1j denotes the number of individuals at risk at time tj in
group 1
r2j denotes the number of individuals at risk at time tj in
group 2
2

dj =

∑d

rj =

∑r

i =1

(4)

ij

2

(5)

ij

i =1

Let Wi(t) defines the positive weight function such that
Wi(tj) takes the value zero whenever rij is equal to zero.
The test statistic for testing the null hypothesis (2) is
based on the following quantity
 dij

D

∑W (t )  r

=
Zi (τ )

i

j =1

j



−

ij

dj 
, i = 1,2
rj 

(6)

In practice, all the survival comparison tests use the
following weight function
Wi (t j ) = rij W(t j )

(7)

Where, W (tj) denotes the common weight which is
assigned to each group.
Using (7) in (6), we have


D

∑W (t )  d

=
Zi (τ )

j

j =1



ij

d
− rij  j
r
 j


 , i = 1, 2



(8)

The variance of Zi(τ) defined in equation (6) is given by
D

σ 2 = ∑ W (t j ) 2
i

j =1

rij  rij
1 −
rj  rj

  rj − d j
 
  rj − 1


 d j , i = 1, 2


(9)

The test statistic Z for testing (6.2) is defined as


D

Z=

∑W (t )  d
j

ij

d
− rij  j
r
 j



r
r
W (t j ) 2 ij 1 − ij
∑

rj  rj
j =1
j =1

D


 


  rj − d j
 
  rj − 1


 d j


Under null hypothesis, the test statistic Z follows standard
normal distribution for large sample size.
Alternatively, test statistic can also be expressed as a
chi-square statistic with one degree of freedom which is
computed as a square of standard normal variate and is
defined as:
2

 D

 d 
 ∑ W (t j )  dij − rij  j   
 r 

 j =1
 j 


χ2 =
D
r  r  r − d j 
W (t j ) 2 ij 1 − ij   j
dj
∑
rj  rj   rj − 1 
j =1

The observed value of the chi-square test statistic is
compared with tabulated value of chi-square variate with
one degree of freedom (11-13). Depending on the choice
of weight functions, a number of comparison tests have
been defined.
According to the studies by Fleming et al (14), Lee
(15) and Buyske et al (16), log-rank test is more powerful
under the assumption of proportionality of hazard ratio
of the groups along the follow-up period. Log-rank test
fails to detect the differences between the groups which
arise either early or late in the interval in the study by
Klein et al (17). Gehan-Wilcoxon and Tarone-Ware tests
may be more powerful than log-rank test in the case of
non-constant hazard ratio, as shown by Tarone and
Ware (18). Pepe and Fleming (19) in their studies. When
the condition of proportional hazard functions is not
satisfied, the Peto-Peto test is also better than log-rank
test, as shown in the study by Kleinbaum and Klein (20).
When the underlying assumption of Gehan-Wilcoxon
and Peto-Peto test is not satisfied then the Peto-Peto test
is more efficient than Gehan-Wilcoxon test. Fleming
and Harrington (F-H test) tests provide more flexibility
for choosing weights and are designed for crossing of
hazard ratios of groups, as shown by Pepe and Fleming
(21). The Gehan-Wilcoxon test may provide misleading
results when censoring pattern differs in the individual
sample.
Log-rank test
Log-rank test assumes the proportionality of hazard
functions of the two populations. Weight function and
Test statistic for the test are defined as:
W(tj) = 1 for all j
Log rank test statistic (Z) =

(10)

(11)


rij 
 ∑ (dij − d j ) 
rj 
 j
r
r
r −d
∑j ( rij ) (1 − rij ) ( rj − 1j ) d j
j
j
j

(12)

Gehan test
Weight function and Test statistic are defined as:
W(tj) = rj for all j
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Gehan − Wilcoxon test statistic (Z) =


rij 
 ∑ rj (dij − d j ) 
rj 
 j
r
r r −d
∑j rj 2 ( rij )(1 − rij )( rj − 1j )d j
j
j
j
(13)

Tarone-Ware test
Tarone and Ware in the year 1977 took the weight function
W(tj) = f(rj) for all j and suggested a class of tests. Here, f
is a fixed function. In particular, they assigned the value
of weight function as f(r) = r , and thereby gave more
weightage to the time point where number of data are
large. The test statistic is given by;

rij 
 ∑ rj (dij − d j ) 
rj 
 j
Tarone − Ware test statistic (Z) =
r
r r −d
∑j rj ( rij )(1 − rij )( rj − 1j )d j
j
j
j

(14)

j

Where,
=
Sˆ (t )



∏ 1 − r
t j ≤t



dj 

j +1 

(15)

The estimate of survival function defined above is close to
the pooled product-limit estimator.

Peto − Peto test statistic (Z) =


r 
Sˆ (t j )(dij − d j ij ) 
 ∑
rj 
j

r
r r −d
∑j (Sˆ (t j ))2 ( rij )(1 − rij )( rj − 1j )d j
j
j
j

(16)

Modified Peto-Peto test
Anderson et al (22) suggest modification in weight
function given by Peto-Peto. They suggest weight as
W (t j ) =

Ŝ(t j )rj
rj + 1

for all j

The weights in case of modified Peto-Peto test and PetoPeto test are the function of combined survival experience
in the pooled sample. The Test statistic is given by:
Modified Peto − Peto test statistic (Z) =

rj
r 
(dij − d j ij ) 
 ∑ Sˆ (t j )
rj 
(rj + 1)
 j
 Sˆ (t )r
∑j  r +j 1j
 j

2

 rij
rij rj − d j
)d j
 ( )(1 − )(
 rj
rj rj − 1


(17)

Fleming-Harrington test family
Fleming and Harrington suggest a class of test. The weight
function used in this test family is given by:
4
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Here, the weight function is a function of survival
function of the previous event time. Hence, the weight
function formula requires the information of survival
function just before the comparison time. The test statistic
is given as:
F − H test statistic=

rij 
p
q
 ∑ Sˆ (t j −1 ) (1 − Sˆ (t j −1 )) (dij − d j ) 
rj 
 j
r
r r −d
∑j (Sˆ (t j −1 ) p (1 − Sˆ (t j −1 ))q )2 ( rij )(1 − rij )( rj − 1j )d j
j
j
j

Where,

Peto-Peto test
Peto-Peto test (21) can be regarded as an alternative form
of Mann-Whitney-Wilcoxon test for censored-data. The
weight function and test statistic are defined as
ˆ t ) for all j
W (t ) = S(
j

W (t j ) = Sˆ (t j −1 ) p (1 − Sˆ (t j −1 )) q , p ≥ 0, q ≥ 0 for all j

=
Sˆ (t )

(18)

Sˆ (t ) is K-M survival function and is defined as


dj 

j 

∏ 1 − r
t j <t



The desired region of the curve can be assigned weight by
taking different values of p and q. Some of the well known
tests are special case of this test. Log-rank test is a special
case of this test when p = q = 0. Mann-Whitney-Wilcoxon
version of the test can be obtained by taking p = 0 and q
= 1. The early departure and late departure in time can be
assigned most weight by taking (p >1 and q = 0) and (p =
1 and q > 0) respectively. An appropriate choice of p and q
helps in constructing the most powerful test for different
hazard rates at any desired region.
Likelihood ratio test
An appropriate distribution for survival time is selected
for each group of CKD patients on the basis of minimum
Akaike information criterion (AIC) value by fitting
survival distributions like exponential, lognormal, gamma
and Weibull. The likelihood ratio test (parametric test) is
applied for comparing the distributions of survival time of
two groups of CKD patients based on grouping variables
sex, diabetes, and hypertension.
Simulation studies
A simulation study has been carried out to compare the
survival time distribution of two groups on the basis of
likelihood ratio test. The samples of sizes 50, 100, 200, and
500 for each group are generated using the value of the
parameter(s) of the selected distribution for the original
set of data. The purpose of simulation study is to validate
the results obtained earlier and overcome limitation, if any
associated with small sample data/cross sectional data.
Statistical analysis
Statistical software SPSS (IBM SPSS Statistics version
25.0), EXCEL (2013) and R (R version 4.0.3) have been
used for calculation and analysis. As the sample size is
large, the non-parametric tests were approximated by
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standard normal test (Z-test). Further an alternative to
Z-test, chi-square test of goodness of fit was used. For
all the tests p-value has been computed for testing the
hypothesis and have been shown in the various tables.
Results
In this study, we use the data set comprising of information
like time of visit, stage of disease, sex of patient, status of
diabetes and hypertension corresponding to 117 CKD
patients. As per the grouping variable sex, the number
of uncensored cases in females and males are 49 and
44 respectively and the number of censored cases for
grouping variable sex among females and males are 18
and 6 respectively. In the grouping variable diabetes,
there are 47 uncensored cases out of 55 cases having no
diabetes, and the number of uncensored cases in patients
having diabetes is 46 out of 62 diabetic cases. Similarly,
when grouping is conducted on the basis of hypertension,
the number of uncensored cases in non-hypertensive and
hypertensive patients is 83 and 10 respectively and that of
censored cases are 20 and 04 respectively. These figures
are shown in Table 1.
The median survival time for female and male CKD
patients are 8.170 years and 7.470 years respectively. The
estimate of median survival time along with the standard
error of the estimate of different groups based on grouping
variables sex, diabetes, and hypertension are presented in
Table 2.
Survival function curves are drawn by plotting KaplanMeier estimator of the survival function against time for
female and male groups of CKD patients, non-diabetic and
diabetic patients, and non-hypertensive and hypertensive
patients and are shown in Figures 1-3 respectively.

Figure 3. Survival function curve for female and male group.

Figure 3. Survival function curve for non-diabetic and diabetic
group.

Table 1. Number of uncensored and censored cases as per grouping variables
of gender, diabetes and hypertension
Grouping variable
Gender
Diabetes
Hypertension

Strata

Uncensored

Censored

Total

Female

49

18

67

Male

44

06

50

No

47

08

55

Yes

46

16

62

No

83

20

103

Yes

10

04

14

Table 2. Mean and median survival time with standard error of CKD patients
in different groups
Grouping variable
Gender
Diabetes
Hypertension

Strata

Median
Estimate

Standard error

Female

8.170

2.000

Male

7.470

1.226

No

8.790

1.222

Yes

5.250

3.219

No

6.360

1.546

Yes

9.000

1.366

Figure 3. Survival function curve for non-hypertensive and
hypertensive group.

Comparison of survival functions of two groups based on
grouping variable of gender
Log-rank test, Gehan test, Tarone-Ware test, Peto-Peto
test, Modified Peto-Peto test, and Fleming-Harrington
test are applied to compare the survival functions of the
female and male groups of CKD patients. The value of
Z (standard normal) statistic, χ2 statistic and p-value
corresponding to log-rank test, Gehan test, Tarone-Ware
test, Peto-Peto test, Modified Peto-Peto test, and FlemingHarrington test (p = 0.25 and q = 0.75 ) for comparing
Journal of Renal Endocrinology, Volume 8, 2022
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two groups of patients based on the grouping variable sex,
diabetes and hypertension are summarized in Tables 3-5,
respectively.
The most appropriate distribution on the basis of AIC
(Akaike Information Criterion) value and density curve
of the fitted distribution for the survival time of different
groups of CKD patients is selected by fitting lognomal,
normal, gamma, Weibull and Exponential distribution
to the survival time. AIC values of the different fitted
Table 3. Z value, χ2 value and P value of the survival comparison test for
comparing two groups of patients based on the grouping gender variable
Test

Z value

χ2 value

P value

Log-rank test

-0.755

0.569

0.451

Gehan test

-0.374

0.140

0.708

Tarone-Ware test

-0.567

0.322

0.571

Peto-Peto test

-0.527

0.278

0.598

Modified Peto-Peto test

-0.519

0.269

0.604

Fleming- Harrington Test

-0.670

0.449

0.503

Table 4. Z value, χ2 value and P value of the survival comparison test for
comparing two groups of patients based on the grouping variable diabetes
Test

Z value

χ2 value

P value

Log-rank test

-2.605

6.786

0.009

Gehan test

-1.558

2.426

0.119

Tarone-Ware test

-1.976

3.905

0.048

Peto-Peto test

-2.607

6.798

0.009

Modified Peto-Peto test

-2.569

6.599

0.010

Fleming- Harrington Test

-2.044

4.178

0.041

Table 5. Z value, χ2 value and P value of the survival comparison test for
comparing two groups of patients based on the grouping variable hypertension
Z value

χ2 value

P value

Log-rank test

2.429

5.900

0.015

Gehan test

1.913

3.659

0.056

Tarone-Ware test

2.062

4.252

0.039

Peto-Peto test

2.357

5.554

0.018

Modified Peto-Peto test

2.290

5.244

0.022

Fleming- Harrington Test

2.392

5.723

0.017

Test

distribution are shown in Table 6. Survival functions of
different groups based on grouping variable sex, diabetes
and hypertension along with pooled survival function for
different time periods are shown in Table 7.
The histogram and theoretical probability curves
corresponding to the fitted distribution for different
groups are shown in figures from Figure 4A-F.
The selected distribution with the estimated value/s of
the parameter/s, AIC value, value of chi-square statistic
based on likelihood ratio test and corresponding p-value
for each grouping variable are shown in Table 8.
The value of Chi-square statistic and corresponding
p-value using likelihood ratio test statistic of the selected
distribution for different groups based on grouping
variables sex, diabetes, and hypertension from simulation
study for different sample size are shown in Table 9 to
Table 11.
Survival curves (Figure 1) drawn with the help of
K-M method suggest that there is no difference between
survival experiences of the two groups namely female and
male on the basis of grouping gender variable for CKD
patients. In addition, all the comparison tests namely
Log-rank, Gehan, Tarone-Ware, Peto-Peto, Modified
Peto-Peto, and Fleming-Harrington test conclude that
there is no significant difference between the male and
female group of CKD patients with respect to survival
experiences (Table 3). The result obtained from the
likelihood ratio test also supports the finding that there
is no significant difference in survival time distribution
of the female and male group of CKD patients (Table 8).
However, the difference between the two groups becomes
evident as we increase the size of the sample in simulation
study (Table 9). Carrero et al (23) found epidemiology of
CKD differs by sex too. It affects more women than men
especially in stage 3 of CKD patients.
Survival curves of non-diabetic and diabetic groups
(Figure 2) suggest that there exists a difference in survival
experiences of two groups. The results from the survival
comparison tests except Gehan test (Table 4) also conclude
that the survival functions of two groups of CKD patients
differ significantly. Gehan test is not an appropriate test
in this case. Likelihood ratio test also concludes that the
two groups of CKD patients based on grouping variable
‘diabetes’ have statistically significant survival time

Table 6. AIC values of the fitted distribution to the groups based on grouping variables of gender, diabetes and hypertension
AIC Value

Variable

Sex

Diabetes

Hypertension

6

Lognormal

Normal

Gamma

Weibull

Exponential

Female (1)

251.8326

288.002

254.351

254.3131

252.403

Male (2)

251.3231

257.9582

245.8349

245.4399

243.9817

Non-diabetic (1)

277.9332

279.1897

270.3102

269.5215

268.7032

Diabetic (2)

221.9374

261.5417

226.4892

226.3929

224.5251

Non-hypertensive (1)

431.7894

481.7378

432.7468

432.7619

430.7895

Hypertensive (2)

66.89388

60.47677

63.46938

61.7999

63.83728
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Selected distribution

Exponential

Exponential

Weibull
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Table 7. Survival function of different groups and pooled survival function over different time period
Survival probability

Time (t)
years

Male

Female

Diabetic

Non-diabetic

Hypertension

Non-hypertension

Pooled

0-1

0.731

0.714

0.709

0.738

0.696

0.929

0.724

1-2

0.627

0.633

0.691

0.574

0.598

0.857

0.629

2-3

0.612

0.633

0.691

0.556

0.588

0.857

0.62

3-4

0.595

0.633

0.672

0.556

0.577

0.857

0.611

4-5

0.559

0.633

0.672

0.514

0.554

0.857

0.591

5-6

0.541

0.586

0.633

0.491

0.519

0.857

0.56

6-7

0.522

0.539

0.573

0.491

0.495

0.771

0.528

7-8

0.502

0.469

0.532

0.444

0.47

0.6

0.485

8-9

0.434

0.395

0.469

0.359

0.391

0.6

0.414

9-10

0.328

0.271

0.402

0.171

0.292

0.36

0.3

10-11

0.209

0.074

0.208

0

0.088

0.36

0.15

11-12

0.035

0.025

0.052

0

0

0.24

0.045

12-13

0

0

0.026

0

0

0.12

0.015

13-14

0

0

0

0

0

0

0

(A)

(B)
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Figure 4. Histogram and probability curves of the fitted distribution for (A) female, (B) male, (C) non-diabetic, (D) diabetic, (E) non-hypertensive and (F)
hypertensive groups.
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Table 8. Estimates of parameters of selected distribution, AIC value, chi-square value, P value for the grouping variables of gender, diabetes and hypertension
Variable

Distribution

Estimate(s) of parameters

AIC

0.21116139

252.403

0.17380999

243.9817

0.19167354

495.2649

0.15925186

268.7032

0.24201610

224.5251

0.19167354

495.2649

(0.98527258, 4.83917556)

432.7619

Female
Male

Sex

Exponential (rate)

Combined
1
2

Diabetes

Exponential (rate)

Combined
1
Hypertension

Weibull (shape,
scale)

2
Combined

(1.8847015, 8.9823337)

61.7999

(1.01867838, 5.25588880)

497.2187

Chi-square value

P value

0.8801359

0.644

4.036555

0.1329

6.591957

0.037

Table 9. AIC value, chi-square value and p-value for the distribution of male and female groups of CKD patients having different sample size based on simulation
study
Sample size

AIC value
Female

Male

Combined

Chi-square value

P value
0.5610361

50

250.3198

272.0981

521.5738

1.15594

100

530.7698

561.9328

1094.525

3.795664

0.1499

200

1004.615

1084.91

2107.012

19.48684

5.868e(-05)

500

2564.696

2675.306

5309.493

71.49118

<0.00000001

Table 10. AIC value, chi-square value, and P value for the distribution of non-diabetic and diabetic groups of CKD patients having different sample size based on
simulation study
Sample size

AIC value

Chi-square value

P value

510.7794

5.317679

0.07002943

1068.938

15.60069

0.00040959

997.6302

2128.956

31.93866

1.2e(-07)

2456.801

5274.851

40.83205

<0.00000001

Non- diabetic

Diabetic

Combined

50

299.0169

208.4448

100

590.0791

465.2581

200

1101.387

500

2779.218

Table 11. AIC value, chi-square value, and p-value for the distribution of non-hypertensive and hypertensive groups of CKD patients having different sample size
based on simulation study
Sample size

AIC value

Chi-square value

P value

523.3028

16.20383

3e(-04)

1137.192

16.78846

2e(-04)

1127.615

2184.003

53.77932

<0.00000001

2773.139

5349.723

56.01915

<0.00000001

Non-hypertensive

Hypertensive

Combined

50

237.0682

274.0307

100

544.9659

579.4379

200

1006.609

500

2524.565

distributions (Table 8). The P value of the test decreases
as we increase the size of the sample in simulation studies
(Table 10). Thus, simulation study also supports the
finding that the survival time distribution of two groups
differs significantly.
Survival curves (Figure 3) drawn for non-hypertensive
and hypertensive groups of CKD patients reveal the
fact that there exists a difference among the survival
experiences of two groups of CKD patients. The result
of survival comparison tests except Gehan test (Table 5)
concludes that the survival functions of two groups of
CKD patients differ significantly. P-value of the test is less
than 0.05 except in Gehan test (not appropriate in this
case). The result obtained from the likelihood ratio test
is also concludes that the survival time distribution of the
8
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two groups differ significantly. The difference between
these groups becomes more evident as we increase the size
of the sample under simulation study (Table 11).
Conclusion
Real data set and simulation study conclude that there
is no significant difference between the two groups of
CKD patients based on grouping variable diabetes and
hypertension. However, the grouping variable sex is a
significant factor when large samples are generated under
simulation study. One has to be careful while choosing a
method/test for comparing the survival curves of the two
groups. Due care must be taken while deciding about the
sample size.

Chronic kidney disease patients

Limitations of the study
The data set considered in this study is small. The data
has been collected from the CKD patients of Delhi and
its surrounding areas. General awareness about health is
quite high amongst the people of this area. Moreover, this
area has good medical facilities.
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