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ARTICLE INFO Abstract
Background. The aim of this study was to evaluate factors affecting the survival of
Article History: 5,430 stroke patients in the northwest of Iran using parametric and non-parametric
Received: 06/Apr/2024 models of survival analysis.
Revised: 29/May/2024 Methods. This longitudinal school-based study was retrospectively conducted using the
Accepted:01/Jun/2024 registered data of 5,430 stroke patients in Tabriz. The Akaike criterion and Cox-Snell
ePublished: 03/Feb/2025 residual diagram were used to evaluate the parametric models, and the Kaplan-Meyer
curve was employed for assessing the non-parametric model. Analyses were performed
Keywords: using STATALY.
e Kaplan-Meyer Results. The findings demonstrated that different factors were associated with an
e Parametric Models increased risk of death from stroke, including the age group of 65 and older
e Statistical Models (proportional hazard [PH]=1.75 and P<0.001), snoring (PH= 1.34 and P= 0.005),
e Stroke addiction (PH= 1.87 and P= 0.007), smoking (PH= 5.94 and P< 0.001), and hookah use

(PH = 1.81 and P= 0.005). The other related factors were diabetes (PH= 1.46 and
P=0.001), aspiration pneumonia (PH = 2.09 and P < 0.001), atrial fibrillation (PH= 1.59
and P= 0.002), systolic hypertension (PH= 3.15 and P< 0.001), and high triglyceride
(PH = 1.33 and P= 0.012). Considering the frailty, the fitness of the Weibull model was
better than that of the other models.

Conclusion. According to the findings, snoring and having aspiration pneumonia were
two important risk factors related to the survival of stroke patients. It is also
recommended that the parametric models of survival analysis be used if the relevant
assumptions are established.

Practical Implications. The risk factors determined in the present study can be utilized
in determining relevant interventions. It is recommended that identification programs
such as screening and treatment of patients be implemented in this respect.

e Survival Analysis

How to cite this article: Farhoudi M, Gilani N, Bahari A, Sadeghi-Hokmabadi E. Factors affecting the survival of stroke
patients in the last eight years using parametric and non-parametric models: A study in the northwest of Iran. Med J Tabriz
Uni Med Sciences. 2025;47(1):17-28. doi:10.34172/mj.025.33641. Persian.

Extended Abstract

Background stroke in developed countries occurs in 1-3 cases per
Stroke is one of the most important causes of  thousand people. Death from stroke in Iran is also
death and disability in the world, and death from increasing, similar to many Asian countries. There
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are limited studies on the comparison of different
models based on survival data. The fit of parametric
models has been mentioned in some limited
investigations, and the higher efficiency of semi-
parametric models has been reported in others. This
study investigated risk factors affecting the survival
of stroke patients by using and comparing non-
parametric Weibull and exponential models with and
without considering frailty distribution.

Methods

This longitudinal, school-based study was
conducted retrospectively. The data for this study
were extracted from the Tabriz Stroke Registry. The
mentioned system contains registered information
about stroke patients who have visited Imam Reza
and Razi Hospitals in Tabriz (two reference hospitals
for stroke patients). The data of 5,543 patients with
definite diagnoses of stroke based on magnetic
resonance imaging and computerized tomography
scans were used in this investigation. The mentioned
patients were admitted and hospitalized from January
2015 to June 2021. The inclusion criteria included
being alive at the time of entering the hospital, being
definitely diagnosed with stroke based on the
doctor’s evaluations and final diagnosis, giving
written informed consent, and having complete
recorded information. The exclusion criteria were
failure to provide written informed consent by the
patient or the patient’s companion, incorrect or
incomplete data, and a definite diagnosis of no
stroke. Out of a total of 5,543 patients registered for
the mentioned period, all the patients who died at the
time of reaching the hospital were excluded from the
study (110 cases). In very few cases (3 cases), the
patients’ information was incomplete, and they were
not eligible to enter the study. Finally, 5,430 patients
were selected and included in our study. The patients
were followed up by telephone at intervals of 3-6
months, and their information was recorded. The
Akaike criterion and Cox-Snell residual diagram
were used to evaluate the parametric models, and the
Kaplan-Meyer curve was utilized for the evaluation
of the non-parametric model. Analyses were
conducted using STATALY.

Results

The findings revealed that the death rate in all
patients was 12.72%, and the average duration of
hospitalization was 18.33 + 12.73 days. The average
age of all patients was 69.52 + 15.72 years, and the
majority of stroke patients were in the age group of
65 years and older. About 47.15% of patients were
female, and 52.85% were male. Ischemic stroke was
more common than hemorrhagic stroke. In terms of
ethnicity, the majority of patients were Turks, Kurds,
and Persians, and other ethnic groups were the next
most  frequent patients in the province.
Approximately 51.01% of the total patients were
from Tabriz, followed by the cities of Oskou and
Marand with 257 and 241 patients, respectively,
among other cities with the highest number of stroke
patients. The findings showed that the age group of
65 and older (proportional hazard [PH]=1.75 and
P<0.001), snoring (PH=1.34 and P=0.005), addiction
(PH=1.87 and P=0.007), smoking (PH=5.94 and
P<0.001), and hookah use (PH=1.81 and P=0.005)
were associated with an increased risk of death from
stroke. The other associated parameters included
diabetes (PH=0.46 and P=0.001), aspiration
pneumonia (PH=2.09 and P<0.001), atrial fibrillation
(PH=159 and P=0.002), systolic hypertension
(PH=3.15 and P<0.001), and high triglyceride
(PH=1.33 and P=0.012). The findings indicated a
23-34% increase in the effect of this behavior on
increasing death in stroke patients. According to the
results of parametric models, having aspiration
pneumonia increased the risk of death from stroke by
10.9-57%. In addition, the use of hookah as a
behavioral risk factor for the survival of stroke
patients demonstrated a significant relationship with
survival only in Weibull’s model considering frailty
(P=0.005), but in the other three cases of modeling,
this variable was not significant. Accordingly, the
use of hookah increased the risk of death from stroke
by 81%. Further, this variable showed a significant
and direct relationship with the risk of death from
stroke in the incidence ratio (P<0.001) and log-rank
(P<0.001) tests. In the present study, the Weibull
model had a better fit than the exponential model,
especially when the fragility factor was taken into
consideration. Recently, the fragility factor has
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received more attention, and its use is increasing due
to the improvement of analysis. The comparison of
Cox-Snell’s residual graphs also revealed a better fit
of the Weibull parametric model than the exponential
parametric model.

Conclusion

Based on the findings, having snoring habits and
suffering from aspiration pneumonia were two
important risk factors related to the survival of stroke
patients that were not considered or investigated in
internal studies. It is also recommended that if the
data have the assumptions of parametric models of

survival analysis, these models must be used, and
there is no need to do alternative models. It seems
that the fragility parameter of the model is also
effective in improving the fit of the model. The risk
factors determined in the present study can be
utilized in determining relevant interventions. Some
risk factors, such as high blood pressure, are very
deadly and asymptomatic, so an identification
program with screening and treatment of patients is
recommended in this regard.
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