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ARTICLE INFO ABSTRACT

Introduction: This study aimed to assess the association between the survival of patients and outcomes in
Brain Stroke (BS) in the presence of competing risks utilizing a Weibull parametric model.
Received 01.04.2021 Methods: In this longitudinal study, 332 patients with BS were attended from Imam Khomeini Hospital
Revised 13.05.2021 in Ardabil, Iran. The stroke was diagnosed according to the medical history, current symptoms, and brain
Accepted 27.06.2021 imaging during June 2008 and 2018. The survival of the patients, as the primary outcome, was modeled
Published 25.09.2021 utilizing the best-chosen Weibull model in the presence of competing risks, including stroke and other factors
o (heart disease, blood pressure, etc.).
Results: Older age at diagnosis (59-68 years: hazard ratio [HR]=2.27; 90% confidence interval [CI]: 1.65 to

gglgf’rds‘ 3.12; 69-75 years: HR=4.79; 95% CI: 3.56 to 6.44; >76 years: HR, 4.92; 95% CI: 3.55 to 6.80), being a male
Risk fa:ctors; (HR, 1.39; 95% CI: 1.11 to 1.75), being unemployed (HR, 1.44; 95% CI: 1.39 to 1.82), having heart discase
Survival analysis; (HR, 1.68; 95% CI: 1.38 to 2.06), and hemorrhagic stroke (HR, 2.21; 95% CI: 1.378to 2.75) were directly
Competing risk; related to death from BS. Older age at diagnosis (59-68 years: HR, 18.01; 90% CI, 5.33 to 64.92; 75-69 years:
Weibull model HR, 18.56;95% CI: 6.97 to 86.57; >76 years: HR, 28.90; 95% CI: 15.77 to 218.49), and urban residence (HR,

0.46; 90% CI, 0.28 to 0.77) were directly related to death from other causes.
Conclusion: The recognition of the influential factors on the mortality of BS patients can allow increasing
their survival.

Introduction individuals' performance in many daily

activities.! Recent epidemiological studies
Brain stroke is considered one of the leading show that the BS rate is growing in western
causes of mortality globally, which affects countries®* and Iran.> ¢ Further, its mortality
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rate in Asia is more than in North America and
Europe.” Therefore, it is raised as an essential
issue in the public health of countries. Evaluating
prognostic factors and classification of patients
in each disease, mainly BS, help clinical
researchers significantly. Therefore, conducting
a study with the competing risk approach is vital
for finding the influential risk factors on stroke
patient mortality due to BS and other causes.
The survival-competing risks are frequently
raised in the different fields of sciences such as
medicine and engineering. The competing risk
data arise when more than one event affects
patients' survival time.® In the framework,
the subject may experience events other than
the intended one.’ Obtaining the parametric
distribution of survival time is essential in the
survival analysis so that survival and hazard
probability can be precisely calculated at all
times. In the cases where a reasonable parametric
distribution can be considered for the survival
function understudy, estimation is relatively
easy, usually based on the maximum-likelihood
attitude. Weibull distribution is the most widely-
used parametric survival analysis model. Today,
the Weibull model introduced by Weibull, a
Swedish physicist,'® is commonly employed in
different fields such as medicine and engineering.
The model is essential due to its application
for modeling failure times and the distribution
of data lifetime function and behavior of its
hazard rate function, which can be ascending,
descending, or fixed by changing parameters.
In addition, the Weibull distribution is flexible
for modeling different data since the behavior
of its hazard function is not fixed over the time
and has an additional parameter called shape. So
aim of the present study was Survival Analysis of
Patients with BS in the Presence of Competing
Risks using Weibull Parametric Model.

Materials and Methods
Study design and procedure

In this prospective longitudinal study,"
data were obtained from Imam Khomeini
Ardabil hospital, Iran. A total of 332 patients
were entered in the 10-year follow-up study
(June 2008 up to June 2018). The inclusion
criteria for joining the study were patients
who experienced BS for the first time and
voluntarily provided informed consent to
participate. The exclusion criteria were
patients with a previous history of BS. In
the present study, a neurologist definitively
diagnosed brain stroke using the medical
history, current symptoms, and brain imaging
results. Data on demographic characteristics
and significant clinical risk factors were
extracted from hospital records and analyzed
for all patients. Patients' outcome status was
ascertained by making telephone calls to their
relatives. Patients who became unavailable
after enrollment for various reasons were
considered as censored data (right censoring).
For patients who died during the study period,
the exact date and cause of death (death from
BS or death from other causes, such as (heart
disease, blood pressure, etc.) were recorded
and analyzed.

Ethical Considerations

The Ethics Committee of Tabriz University
of Medical Sciences approved the protocol
of this study (Project no: 67813, Ethics code:
IR.TBZMED.REC.1400.296).

Main variables and measures

For all patients, the following demographic
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variables were analyzed based on hospital
records: age group at diagnosis (1: <58 years;
2: 59-68 years; 3: 69-75 years;4: >76 years),
sex (1: male; 2: female), employment status (1:
employed; 2: unemployed), place of residence
(1: urban; 2: rural), a history of cerebrovascular
accident (1: yes; 2: no), heart disease (1: yes; 2:
no), smoking (now smokers) (1: yes; 2: no), and
cerebrovascular accident type (1: ischemic; 2:
hemorrhagic).

Statistical modeling

Data were summarized and reported as
frequency and percentage for categorical
variables and as mean (standard deviation; SD)
or median for continuous variables. The survival
time of patients was calculated by month. In
recent follow-ups, it is found that about 13.33%
of Patients with Brain Stroke died of other
causes of death, such as heart disease, blood
pressure, etc., so we analyzed the data by using
competing-risks models and because of some
benefits of parametric models, we have used
parametric competing risks.

The optimal model was chosen based on the
Akaike information criteria (AIC) and Bayesian
information criteria (BIC). We decided on the
Weibull model: First, there was no considerable
difference between the Weibull model and
other models in AIC and BIC (less than 5%).
Second, in both BS and other causes data, we
had required the same model, and we choose
the Weibull model accordingly.

Weibull distribution has two parameters, shape
(o) and location (A). The Weibull distribution
density function with the parameters A and
af(t| o)=L a t! exp(-ALt* ); £0, >0, A>0.
The simultaneous establishment of accelerated
failure time and proportional hazard assumptions

is the unique feature of the model.” The model
was fitted on stroke data by considering the AIC
criterion and the advantages of the distribution.
All analyses were performed using Stata
version 14 (StataCorp., College Station, TX,
USA). A P-value lower than 0.1 was defined as
significant.

Based on the Weibull model, a hazard ratio
(HR) was presented along with their 90%
confidence intervals for each factor entered
in the model. The covariates identified as
significant throughout the univariate analysis
(P<0.1) were selected to attend the multivariate
Weibull model.

Results

A total number of 332 patients with BS were
included in the study. After recent follow-ups,
92 cases were alive, 208 cases had died due to
BS, and 32 cases were other causes. There were
49.4% male cases. The age ranges were from
23 to 90 years at the time of diagnosis, but most
patients (31%) were between 69 and 75 years
old. The average age at diagnosis for patients
who died due to BS and other causes was 69.08
years (SD, 11.82 years) and 69.37 years (SD,
10.01 years), respectively. The median follow-
up time was 20.68 months (range, 0.53-80.91
months) for patients who died due to BS and
68.5 months (range, 60-107.69 months) for
patients who died due to other causes. See Table
1 for more results.

Additionally, according to the values for AIC
and BIC of the models, finally, we choose the
Weibull distribution as the same distribution for
deaths caused by brain stroke and other causes
(Table 2).

In the Weibull model, and in wunivariate
analysis, age at diagnosis (P<0.001), sex (male)
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(P<0.001), Employment status (unemployed)
(p=0.025), history of cerebrovascular accident
(p=0.025), Heart disease (p=0.010), history
of blood pressure (P<0.001), Cerebrovascular
accident type (P<0.001) were significantly
associated with death from BS, and age at
diagnosis (P<0.001) and place of residence
(P<0.001) were significantly associated with
death from other causes (Table 3).

According to the results of the multivariate
Weibull model (Table 4), age at diagnosis

(P<0.001), Sex (male) (p=0.016), Employment
status (unemployed) (p=0.010), Heart disease
(P<0.001), and Cerebrovascular accident
type(P<0.001) were significant risk factors for
death from BS. In patients with other causes
of death, age at diagnosis (P<0.001) and
place of residence (p=0.012) were statistically
significant.

Table 1. Participants’ demographic and clinical characteristics, and percentage of patients with censoring

Number of deaths due

Number of deaths due

Characteristic Number of persons (%) to Brain stroke (%) to other causes (%)
Age category (years)
<58 88 (26.7) 32 (13.44) 2 (0.84)
59- 68 77 (23.3) 44 (18.48) 11 (4.62)
69-75 102 (30.9) 80 (33.61) 10 (4.20)
>76 63 (19.1) 50 (21.01) 9 (3.78)
Sex (male) 164 (49.4) 116 (86.6) 18 (13.4)
Employment status (unemployed) 225 (67.8) 147 (88.65) 19 (11.5)
Place of residence (urban) 201 (60.5) 1244(89.9) 14 (10.1)
History of cerebrovascular accident (yes) 80 (24.1) 44 (81.9) 10 (18.1)
Heart disease (yes) 85 (25.8) 58 (89.2) 7 (10.8)
History of blood pressure (yes) 196 (59.2) 138 (90.2) 15 (9.8)
Smoking (yes) 64 (19.3) 40 (83.3) 8 (16.7)
Cerebrovascular accident type (hemorragic) 66 (20.4) 49 (92.5) 4(7.5)
Table 2. Akaike information criterion and Bayesian information criterion values for parametric models
Distribution AIC BIC Distribution AIC BIC
Brain Stroke Other Causes
Exponential 2793.4 2838.3 Exponential 354.7 399.2
Weibull 2259.1 2308.1 Weibull 350.1 399.1
Log-Normal 2253.1 2302.1 Log-Normal 352.9 401.9
Log-Logistic 2260.4 2309.4 Log-Logistic 349.8 398.8

AIC, Akaike information criterion; BIC, Bayesian information criterion
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Table 3. Results of univariate Weibull modeling for risk factors of death from brain stroke and other causes

Brain stroke Hazard

Other causes Hazard

Characteristic ratio (90% CI) p-value ratio (90% CI) p-value
Age category (years)
<58
59- 68 2.21 (1.62-3.02) <0.001 17.56 (5.18-59.50) <0.001
69-75 4.53 (3.44-5.98) <0.001 16.73 (4.85-57.62) <0.001
>76 5.01 (3.73-6.75) <0.001 31.61 (9.18-108.87) <0.001
Sex (male) 1.39 (1.17-1.65) <0.001 1.46 (0.93-2.29) 0.166
Employment status (unemployed) 1.29 (1.07-1.56) 0.025 0.79 (0.50-1.25) 0.402
Place of residence (urban) 0.85 (0.71-1.01) 0.113 0.38 (0.24-0.59) <0.001
History of cerebrovascular accident (yes) 0.75 (0.60-0.93) 0.025 1.20 (0.74-1.97) 0.532
Heart disease (yes) 1.35 (1.11-1.63) 0.010 0.99 (0.58-1.70) 0.983
History of blood pressure (yes) 1.52 (1.27-1.82) <0.001 0.70 (0.45-1.11) 0.201
Smoking (yes) 0.94 (0.75-1.17) 0.649 1.22 (0.71-2.10) 0.535
Cerebrovascular accident type (hemorrhagic) 1.60 (1.31-1.95) <0.001 0.45 (0.19-1.08) 0.132
*p<0.1; CI, Confidence interval
Table 4. Results of multivariate Weibull modeling for risk factors of death from brain stroke and other cause
Characteristic Brain .stroke p-value Other causes p-value
Hazard ratio(90% CI) Hazard ratio(90% CI)
Age category (years)
<58
59- 68 2.27 (1.65-3.12) <0.001 18.01 (5.33-64.92) <0.001
69-75 4.79 (3.56-6.44) <0.001 18.56 (6.97-86.57) <0.001
>76 4.92 (3.55-6.80) <0.001 28.90 (15.77-218-49)  <0.001
Sex (male) 1.39 (1.11-1.75) 0.016 NA
Employment status (unemployed) 1.44 (1.39-1.82) 0.010 NA
Place of residence (urban) NA 0.46 (0.28-0.77) 0.012
History of cerebrovascular accident (yes) 0.83 (0.66-1.04) 0.181 1.10 (0.62-1.96) 0.790
Heart disease (yes) 1.68 (1.38-2.06) <0.001 1.74 (0.94-3.24) 0.140
History of blood pressure (yes) 1.21 (0.99-1.48) 0.121 0.61 (0.36-1.03) 0.125
Cerebrovascular accident type (hemorragic) 2.21 (1.78-2.75) <0.001 0.56 (0.23-1.37) 0.288

"p<0.1; CI, Confidence interval

Discussion

The purpose of the study was to assess the
association between the survival of patients
with BS and prognosis factors using Weibull

parametric models in the Presence of Competing

Risks.

The competing risk survival analysis is
appropriate in  Weibull parametric models
because of smoothing the fluctuations produced
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by the sampling error and providing better
estimates. In addition, another advantage of
the modeling includes no need to establish the
assumption of the proportionality of hazards.'>
3 Considering the benefits of the Weibull
model, the model was fitted on the data to find
the factors influencing the long-term mortality
of brain stroke patients with the competing risk
approach.

After BS, the mortality rate was 69%, of which
60% were deaths due to stroke, and 9% were
deaths due to other causes. In line with our
study, Hardy et al. assessed long-term (10-year)
mortality after BS in Australia and reported a
mortality rate of 79%.'

The multivariate Weibull Parametric Model
results showed that older age at diagnosis,
male sex, unemployed, having heart disease,
and hemorrhagic stroke were directly and
significantly related to death from BS. Older
age at diagnosis and place of residence were
directly and significantly associated with death
by other causes.

Age at diagnosis was a prognostic factor,
and our findings in multivariate analysis
were similar to those of previous reports.!>!’
The present study results showed that with
increasing age, the mortality of patients in both
causes (BS and others causes) increases. Due
to the significance of rising age in the death of
BS and other reasons, more attention should be
paid to the health of community members after
brain stroke, especially older individuals.
Based on the results, sex was determined as
another factor affecting mortality in the stroke-
caused death, which was insignificant in the
end for other causes. Further, men were 39%
more at risk to die of stroke compared to the
women, which is in line with the results of the
research conducted in Europe,'¢ the US,!” and

Arabic countries,'® as well as those obtained
by Mogensen et al.”” However, some studies
reported higher mortality due to BS and other
causes among women." 2> The conflict may be
related to the physiological difference between
men and women.

Among the individuals who died of BS, the
mortality of the unemployed was 29% greater
than that of employees, which is consistent with
the result of Kivimaki.** According to Marshall,
Cox, and Kimball, lower socioeconomic status
groups survive less and have a more severe
stroke.”?” In general, the mechanisms related
to the effect of employment status on stroke
mortality are ambiguous. The studies should be
conducted using prospective population-based
methods, and better control the confounding
factors to confirm or reject these relationships.
Furthermore, heart disease was detected as
another significant risk factor in death for stroke
so that those with heart disease were 68% more
at risk for dying of stroke compared to the
others, which is in line with the results obtained
by Mogensen et al.,'” Ekker et al.,® and Hardie
et al. regarding the evaluation of 10-year
survival after BS."* The results indicated that
heart diseases failed to be effectively controlled
after the first BS attack, which requires more
assessments.

BS mortality among those who experienced
hemorrhagic stroke was 2.21 times higher than
that in the individuals with ischemic one, which
is in line with the results of some studies.'* 2%
Physicians referred to higher mortality among
patients diagnosed with hemorrhagic stroke than
those with ischemic one because of rupturing
blood vessels in the brain.

Regarding the death for other causes, the subjects
living in rural died more, which is consistent
with the results of the previous studies.!> ¥
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Indeed, inequality is observed among patients,
and villagers have less access to post-disease
care than the citizens.

Given that the number of subjects who died
of other causes was low in the present study,
the results of some factors were provided with
caution. Thus, conducting studies with larger
sample size is suggested to reveal all mortality-
related clinical aspects. The high-income
countries possess the systems for collecting
death cause data, while the systems are not
found in many low- and moderate-income ones.
An improvement in the quality of death cause
data is considered vital for enhancing health and
decreasing the predictable mortality rate in the
countries.

Conclusion

In general, the present study assessed the
long-term mortality of BS patients in terms
of dying due to BS and other causes as the
competing risk. Some of the factors included
high age, employment status, sex (men), heart
diseases, and Cerebrovascular accident type
(hemorrhagic) in the BS-caused death, as well
as high age and residence, in the end, other
causes. The recognition and awareness of the
risk factors affecting the long-term mortality
of stroke patients by the case of death allow
interventions to be targeted and assessed
appropriately.
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