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Abstract 

Background Stroke is one of the top causes of functional disability around the world. The main objec-
tive was to identify stroke-related functional outcomes and risk factors. A good functional outcome is defined 
as the absence of problems secondary to the stroke event, a poor functional outcome as the presence of complica-
tions, and mortality as the existence of complications.

Method A retrospective cohort analysis was used to observe factors in 298 eligible adult (18 or older) stroke patients 
who attend outpatient clinics every three months at Felege Hiwot Referral Hospital between September 2019 
and August 2021 to predict outcomes.

Result The likelihood of dying from a poor outcome was 9%, and the likelihood of recovering was 24%. The aver-
age time spent on good and poor outcomes for different levels of independent variables varies according to their 
risk. During the first three years of follow-up, the instantaneous risk with a 95% confidence interval of transitioning 
from good to poor outcome in the women, aged 60 or older, with hypertension, atrial fibrillation, and hemorrhage 
stroke versus men stroke patients, aged 18 to 59, without hypertension, atrial fibrillation, and ischemic stroke were 
1.54 (1.10, 2.15), 1.73 (1.19, 2.52), 2.34 (1.55, 3.53), 2.74 (1.64, 4.56), and 1.52 (1.10, 2.19) respectively. The hazard ratio 
of transitioning from poor outcome to death for patients with diabetes mellitus and atrial fibrillation versus those 
without diabetes mellitus and atrial fibrillation was estimated to be 1.95 (1.10, 3.46) and 3.39 (1.67, 6.89), respectively.

Conclusion Women over 60 with hypertension, atrial fibrillation, and hemorrhagic stroke were more likely 
to progress from a good to a poor outcome. Diabetes and atrial fibrillation were also risk factors for progressing 
from a poor outcome to death. The states and transitions, as well as a clinical control of the hazards for the transition 
through states, should improve the physician’s decision-making process. Since gender and age are difficult to control, 
early intervention by patients and the hospital may be critical in influencing functional outcomes.
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Background
Stroke is one of the world’s major causes of death, mor-
bidity, and long-term disability. It is the second-top 
cause of death in the world and the third-leading cause 
of Disability-Adjusted Life Years (DALYs) [1]. In 2017, 
there were 11.9 million incidents, 104.2 million recur-
ring, 6.2 million fatal, and 132.1 million DALY-associated 
stroke cases. Between 1990 and 2017, the total number of 
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people who developed, died, lived, or remained disabled 
as a result of a stroke nearly doubled. The bulk of stroke 
burden (80% of all incident strokes, 77% of all stroke sur-
vivors, 87% of all deaths from stroke, and 89 of all stroke-
related DALYs) in 2017 was in low- to middle-income 
countries [2]. According to WHO data published in 2017, 
the age-adjusted death rate of stroke in Ethiopia is 89.82 
per 100,000 of the population [3]. Approximately half of 
the stroke patients in the study area had unsatisfactory 
treatment outcomes [4].

A stroke occurs when the blood supply to the brain is 
interrupted or ruptured, resulting in the death of some 
brain cells owing to a lack of oxygen; strokes are also a 
leading cause of dementia and depression [5]. Some risk 
factors, such as high blood sugar levels, high blood pres-
sure, and an irregular pulse, may contribute to functional 
disability [6]. Adults (over the age of 60) were more likely 
to have poor functional status after a stroke [7]. Post-
acute care and rehabilitation are typically considered as 
a means of decreasing costs as healthcare systems adapt 
in response to reform attempts, despite their therapeutic 
impact and capacity to minimize the risk of downstream 
medical morbidity caused by reduced functional inde-
pendence [8].

The Modified Rankin Scale (MRS) is used to evalu-
ate functional ability in stroke patients, as the scale runs 
from 0 to 6, running from perfect health without symp-
toms to death [9]. However, such studies typically still 
analyze repeated measures of MRS (baseline; months 1, 
3, 6, 9, and 12) to analyze thrombolysis and endovascular 
treatment effects on ordinal MRS with functional recov-
ery but do not identify associations with mortality nor 
incorporate the treatment effect beyond one year [10]. 
MRS was studied at baseline, 3, 6, 9, 12, 15, 18, 21, 24, 27, 
30, 33, and 36 months. The main objective of this study 
was to identify stroke-related functional outcomes and 
risk factors. It makes two contributions. First, by applying 
a Markov model, we infer the different states that affect 
stroke-related functional outcomes. Second, we identify 
states in which early intervention may be critical to influ-
encing functional outcomes.

A large number of risk factors are measured in stroke 
disease studies, but it is often unclear whether all of them 
are relevant variables and whether the impact of these 
variables changes over time or remains constant with the 
rate of transition between various states of functional dis-
ability in stroke patients. The time to measure functional 
loss at various states and quantify the influence of key 
factors is limited. The overall and patient-specific mean 
length of functional recovery in various functional states 
was determined using a multistate model, and the impact 
of clinical factors on functional transitions was thor-
oughly investigated [11]. Modeling acute stroke therapy 

trial data because follow-up is frequently not scheduled 
at uniformly spaced intervals, but by putting in place the 
referral system for evaluation and management of stroke 
complications, stroke patients need and keep quarterly 
follow-up appointments [12]. A good functional outcome 
is defined as the absence of problems secondary to the 
stroke event, a poor functional outcome as the presence 
of complications, and a mortality outcome as the exist-
ence of complications. Good and poor outcomes were 
characterized as temporary states from which transition 
was permitted, and death state as an absorbing condition 
from which transition was not permitted. Gender, age 
of stroke patients, hypertension, diabetes mellitus, atrial 
fibrillation, types of stroke, and Glasgow coma scale score 
as covariates in the model via transition intensities, dia-
betes mellitus, and atrial fibrillation were risk factors for 
death.

Methods
The data
Retrospective data was acquired by reviewing the records 
of patients who received follow-up care at Felege Hiwot 
Referral Hospital between September 2019 and August 
2021. The hospital has 500 formal beds, 11 wards, 39 
clinical and nonclinical departments, and serves nearly 
7  million people from the surrounding Amhara region 
of Ethiopia. The hospital treated 2262 stroke patients 
between September 2019 and August 2021. The Modi-
fied Rankin Scale is a frequently used scale for deter-
mining the degree of disability in the study area, and the 
physician (primary care physician, cardiologist, or neu-
rologists) were documented as having rescheduled and 
completed a follow-up post-discharge period. The actual 
data collection took place between January 1/2022 and 
March 1/2022 and was based on a medical chart exami-
nation of stroke patients enrolled in the hospital’s Non-
Communicable Disease Unit.

Study design
A retrospective cohort study was carried out to observe 
variables in a sample of stroke patients in order to predict 
outcomes. Three skilled clinical pharmacists extracted 
the information from the medical ward outpatient clinic 
center, according to the researcher’s agreement. Fol-
lowing data extraction, data entry, editing, coding, and 
organization were completed. R software version 4.2.2 
was used to perform descriptive statistics. To perform 
inferential statistics, the R package MSM (version 1.6.8) 
was used.

Sampling design
Since there is no standard patient workup for stroke 
diagnosis, future guidelines will incorporate the most 
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dependable time intervals for laboratory testing, such 
as CT scanning. Examinations were conducted at 
least once a week and, where possible, during periods 
of sickness deterioration. During the initiative of data 
gathered prospectively throughout the patient’s hos-
pitalization and at particular follow-up intervals, four 
university hospitals could select a cohort of patients 
with a more severe stroke than community hospitals in 
America. Following hospital release, follow-up exami-
nations were performed at 3, 6, 12, and 24-month inter-
vals [13]. MRS improved by 1 point in 25.0% of patients 
from 3 months to 1 year after 1 year of progress in 
MRS was restricted. Although later recovery does 
occur, extending follow-up to one year would capture 
the majority of long-term stroke-related impairment, 
allowing for mortality follow-up of two years or more 
[14]. The MRS was used to evaluate both recovery from 
poor outcomes and the transition from poor outcomes 
to death at baseline in months 3, 6, 9, 12, 15, 18, 21, 24, 
27, 30, 33, and 36. According to FHRH, there were 2262 
stroke patients between September 2019 and August 
2021. All adult (18 or older) stroke patients were con-
sidered for inclusion in the study. The study comprised 
298 eligible adult (18 or older) stroke patients with rel-
evant data on study variables at the beginning and fol-
lowing continuous recovery treatment within the first 
three years who were reviewed retrospectively by three 
clinical pharmacists based on their registration number 

(see Fig.  1: The conceptual framework of sampling 
procedure).

Inclusion and exclusion criteria
This study included medical data from stroke patients 
who had complete medical records, had at least three vis-
its, were 18 or older, and had a CT scan or MRI confirma-
tion between September 2019 and August 2021. Stroke 
patients with unfit medical records, those with less than 
three visits, those under the age of 18, and those without 
a CT scan or an MRI were also excluded from the study.

Operational definitions
Functional disability is the acquired difficulty in perform-
ing basic everyday tasks or more complex tasks needed 
for independent living.

Outpatient care is a medical service that does not 
require an overnight stay in a hospital.

Atrial fibrillation is an abnormal heartbeat character-
ized by rapid and irregular beating of the atrial chambers 
of the heart.

Ischemic stroke is a type of stroke that occurs when 
the blood supply to part of the brain is interrupted or 
reduced, preventing brain tissue from getting oxygen and 
nutrients.

Hemorrhage stroke is bleeding in or around the brain 
that interferes with the brain’s function and can be 
life-threatening.

Fig. 1 Shows the conceptual framework of the sampling procedure
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Glasgow coma scale is a clinical scale used to reli-
ably assess a person’s state of consciousness after a brain 
injury. It ranges from 3 (completely unresponsive) to 15 
(responsive) and is classified as mild (13–15), moderate 
(9–12), and severe (3–8).

Good outcome: If the patient is without any complica-
tions secondary to the stroke attack.

Poor outcome: If patients had any complications.

Variables in the study
The MRS-based functional ability was used as a response 
variable in this investigation. It is used to measure the 
degree of functional ability in patients who have had 
a stroke, with 0 indicating no symptoms, 1 indicat-
ing no significant disability and the ability to carry out 
all usual activities despite some symptoms, 2 indicating 
slight disability and the ability to look after own affairs 
without assistance but unable to carry out all previous 
activities, 3 indicating moderate disability and the abil-
ity to walk unassisted, 4 for moderately severe disability, 
unable to attend to own bodily needs without help and 
unable to walk unassisted, 5 for severe disability, bedrid-
den, incontinent, and 6 for dead [9]. The MRS is catego-
rized as MRS < 3 as the good outcome and MRS ≥ 3 as the 
poor outcome [15–19]. In this study, adult (18 or older) 
stroke patients with MRS < 3 were considered as the good 
outcome (State 1), MRS ≥ 3 as the poor outcome (State 
2) [15–19], and death (State 3) [9]. Independent vari-
ables were the gender of the patient (male, female), the 
patient’s age (18–59, 60 and above; there is clearly no 
conceptual justification for choosing one standard over 
another; hence, the choice is arbitrary), hypertension 
(Absent, Present), diabetes (Absent, Present), types of 
stroke (ischemic, hemorrhage), atrial fibrillation (Absent, 
Present), Glasgow coma scale (mild, moderate, severe) 
[20], heart disease (Absent, Present), residence (Rural, 
Urban), HIV/AIDS (Absent, Present), and stroke com-
plications (Absent, Present). The ending category of the 
independent variable was deemed to be the treatment 
group, whereas the first was regarded to be the control 
group. The explanatory factors were selected from the lit-
erature and were all included in the models.

Method of data analysis
A patient’s experience in a survival study can be mod-
eled as a process with two states and one potential 
transition from an “alive” state to a “dead” state. How-
ever, in some studies, the “alive” condition is divided 
into two or more intermediate (transient) states, each 
of which corresponds to a different stage of the ill-
ness. Multi-state models can be used in such research 
to model patient movement between states. Issues 
of concern in these models include the estimation of 

progression rates, assessing the effects of individual 
risk variables, survival rates, and prognostic fore-
casting [21]. To represent movement between states 
of functional outcomes for stroke patients, we used a 
discrete-time multi-state Markov model with constant 
transition rates in this investigation. The death condi-
tion was absorbing because it does not allow for exits. 
Both good and poor outcomes were transient.

Longitudinal data were measurements of the disease 
process at various points in time. Although the under-
lying mechanism evolved continuously over time, the 
exact times at which state transitions happened were 
unknown. Kalbfleisch and Lawless (1985) developed 
the analysis of panel data under a Markov assumption 
in which transitional intensities control movement 
between disease states qij(t, z(t)) with i, j = 1, 2, and 3 
(the three possible states) and depend on time t and 
individual level or time-dependent explanatory factors 
at time t, denoted z(t) [22]. In our case, the qijform of 
a (3 × 3) Q matrix whose rows add up to zero, result-
ing in diagonal elements, is defined by qij = − i �=j qij 
Because it is not practical to transition from state III to 
either state I or state II, the transition intensity matrix 
is zero.

Marshall and Jones (1995) defined a new class of 
models by limiting the number of parameters, permit-
ting all progressive or all regressive transitions to have 
the same regression coefficients, and introducing a new 

class of models, that is, qijl(t) =
{

qij(0)e
βpzl j = i + 1

qij(0)e
βrzl j = i − 1

 

setting the regression parameters results in an even 
more restrictive model to  βp = −βr = β [23]. Many 
covariates can be incorporated using the regression 
method [24].

Data are viewed as a sequence of observations in multi-
state models xi0, xi1, . . . , xin and at times ti0, ti1, . . . , tin 
which is the product of X(t)process. In this process the 
amount of 1, . . . , I states is i = 1, . . . ,N  for each adult (18 
or older) stroke patient, with covariate vectors zland 
model parameters θ, the log-likelihood under a Markov 
assumption can be expressed as [25] 
L(θ) =

∑N
i=1

∑ni
j=1 log

(

pxi(j−1)xij

(

ti(j−1), tij; zl , θ)) where, 
pij(t0, t1, θ) = p(x(t1) = j|x(t0) = i; θ) and (i, j) The tran-
sition chance can be calculated by solving the Kolmogrov 
Forward equation [26].

Model comparisons
For these models, Akaike’s Information Criterion 
(AIC) Akaike (1987) was used for model selection, 
AIC = −2ln(likelihood)+ 2p where p is the number of 
parameters in the model and n is the number of subjects 
in the data or sample size.
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Model diagnostics
The likelihood ratio test statistic was also used to assess 
the models’ time inhomogeneity [27]. Another com-
mon approach to assessing multi-state Markov models 
is to compare the observed prevalence of states with the 
expected prevalence under the model over time. To pre-
cisely compute the observed prevalence, all individuals 
should be observed at the same time. Gentleman et  al. 
(1994) proposed a method for comparing observed and 
fitted data. This method is predicated on two assump-
tions. The first assumption is that an individual’s state 
at the time twas identical to their previous observation 
time. The second assumption is that the process starts at 
the same time for everyone [28].

Results
Of the 2262 stroke patients eligible for inclusion in this 
study, 298 (13.2%) patients were included, and 1964 
(86.8%) patients were excluded. Clinical and demo-
graphic variables were collected from adult (18 or older) 
stroke patients from September 2019 to August 2021 for 
the purpose of this study. The average and median mor-
tality times for stroke patients were approximately 28 and 
32 months after the initial diagnosis, respectively. This 
research included 298 adult (18 or older) stroke patients, 
with 162 (54.4%) being male and 136 being female. 
Most stroke patients (134 (47%)) were hypertensive, 96 
(32.2%) had diabetes, 221 (74.2%) had ischemic stroke, 
77 had hemorrhage stroke, 95 (31.9%) had atrial fibrilla-
tion disease, 72 (24.2%) had severe, 35 had moderate, and 
191 had mild brain injuries. Table 1 depicts the state of 

functional outcomes for stroke patients at thirteen vari-
ous observation time points throughout the month. At 
the time of their initial diagnosis, 93 stroke patients had 
a good outcome, while 205 stroke patients (69%) had a 
poor outcome.

State transition between different possible states
According to Table 2, the research included 3060 longi-
tudinal observations from 298 adult (18 or older) stroke 
patients over the first 36 months. (Three years). On two 
occasions, death states resulted from a good outcome, 
while 102 death states were the result of a poor outcome. 
In 167 instances, a good outcome was observed, followed 
by a poor outcome. An observation of a poor outcome 
was followed by an observation of a recovery to a good 
outcome 256 times. This finding validated the exclusion 
of some transitions based on the fact that transitioning 
from the absorbing (death) state to the transient state is 
impossible.

The estimated transition intensities and hazard ratios 
for the covariates
The transition intensities between stages of functional 
outcomes in stroke patients were determined using a fit-
ted multi-state Markov model with no variables. During 
the first three years of follow-up, the baseline transition 
intensities for functional loss from good to poor out-
come were 10% and then for mortality were 9%, whereas 
the baseline transition intensities for functional recovery 
from poor to good outcome were 24%.

This model with covariates yielded a 95% confidence 
interval for the significant effects of stroke patients’ sex 
on the transition from good to poor outcome. The haz-
ard of transitioning from a good to a poor outcome in 
women versus men was 1.54, with a 95% confidence 
interval ranging from 1.10 to 2.15. As a result, women are 
at a higher risk of stroke than men.

There was a 95% confidence interval for the significant 
effects of stroke patients’ age on the transition from good 
to poor outcome. The instantaneous risk of transitioning 
from a good to a poor outcome in stroke patients aged 
60 or older versus those aged 18 to 59 was 1.73, with a 
95% confidence interval ranging from 1.19 to 2.52. This 

Table 1 Functional outcomes of stroke patients at different time 
points in months at FHRH from September 2019 to August 2021

Visiting time in the 
month

State of functional outcome for stroke 
patients

Good state Poor state Death state

Baseline 93 205 0

3 123 174 0

6 150 148 0

9 163 114 20

12 176 87 11

15 172 76 12

18 169 70 5

21 157 63 9

24 150 49 11

27 141 43 9

30 130 38 2

33 122 28 4

36 108 7 21

Total 1854 1102 104

Table 2 The transition probability matrix was computed using 
data from stroke patients in various states

From To Good Poor Death

Good 1505 (0.899) 167 (0.10) 2 (0.001)

Poor 256 (0.24) 730 (0.67) 102 (0.09)

Death 0 (0.00) 0 (0.00) 104 (1.00)
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implies that stroke patients over the age of 60 have higher 
morbidity and poor functional recovery after a stroke.

There was a 95% confidence interval that hypertension 
had a significant impact on stroke patients’ transition 
from good to poor outcome. The hazard of transition-
ing from a good to a poor outcome in stroke patient with 
hypertension versus those without hypertension was esti-
mated to be 2.34, with a 95% confidence interval ranging 
from 1.55 to 3.53. This suggests that uncontrolled high 
blood pressure can impair stroke patients’ functional 
ability. High blood pressure damages vessels throughout 
the body, causing them to burst or clog more quickly.

Diabetes mellitus was found to have a significant 
impact on the transition from poor to good outcome 
and from poor outcome to death, with a 95% confidence 
interval. The instantaneous risk of transitioning from a 
poor to a good outcome in the stroke patient with dia-
betes mellitus versus those without diabetes mellitus was 
estimated to be 0.54, with a 95% confidence interval rang-
ing from 0.35 to 0.85. The instantaneous risk of transi-
tioning from poor outcome to death in the stroke patient 
with diabetes mellitus versus without diabetes mellitus 
was estimated to be 1.95, with a 95% confidence interval 
ranging from 1.10 to 3.46. This suggests that the effects 
of diabetes include damage to large and small blood ves-
sels, which can lead to strokes, as well as problems with 
the nerves. Either the pancreas is not producing enough 
insulin or the body’s cells are not responding correctly to 
the insulin produced.

Atrial fibrillation was found to have a significant impact 
on the transition from good to poor outcome and from 
poor outcome to death, with a 95% confidence interval. 
The hazard of transitioning from a good to a poor out-
come in stroke patient with atrial fibrillation versus with-
out atrial fibrillation was estimated to be 2.74, with a 95% 
confidence interval ranging from 1.64 to 4.56. The hazard 
of transitioning from poor outcome to death in the stroke 
patient with atrial fibrillation versus without atrial fibril-
lation was estimated to be 3.39, with a 95% confidence 
interval ranging from 1.67 to 6.89. This suggests that 
blood clots are a risky complication of atrial fibrillation 
that can contribute to stroke. The abnormal heartbeat of 
atrial fibrillation may allow blood to collect in the upper 
chambers of the heart (atria) and create clots. If a blood 
clot in the left upper chamber (left atrium) of the heart 
escapes and travels to the brain, it may cause a stroke.

There was a 95% confidence interval that different 
types of stroke had significant impacts on the transition 
from good to poor outcome and poor to good outcome. 
The instantaneous risk of transitioning from a good to a 
poor outcome in patients with hemorrhage-type strokes 
versus those with ischemic-type strokes was estimated 
to be 1.52, with a 95% confidence interval ranging from 

1.10 to 2.19. The instantaneous risk of transitioning from 
a poor to a good outcome in patients with hemorrhage-
type strokes versus those with ischemic-type strokes 
was estimated to be 0.58, with a 95% confidence interval 
ranging from 0.42 to 0.80. This shows that various kinds 
of stroke can result in temporary or permanent disabili-
ties, depending on how long the brain is without blood 
flow and which area of the brain is affected.

The Glasgow coma scale score was found to have a 95% 
confidence interval on the transition of stroke patients 
from poor to good outcomes. The hazard of transition-
ing from a poor to a good outcome in stroke patients 
with severe versus mild brain injury was found to be 
0.77, with a 95% confidence interval ranging from 0.61 to 
0.97. Because the brain controls movement and thought, 
a stroke can result in paralysis or death if the ability to 
think, move, and function is at risk.

Estimated average time spent in a transient state
According to Table 3, the average amount of time spent 
in good outcome for female stroke patients was nearly 
24 months; this implies that the lifetime risk of stroke is 
higher for women than men. The average amount of time 
spent on good and poor outcomes for stroke patients 
over the age of 60 was nearly 13 and 6 months, respec-
tively. The average amount of time spent on good and 
poor outcomes for stroke patients with hypertension 
was nearly 11 and 7 months, respectively. The average 
length of time spent with good and poor outcomes for 
stroke patients with diabetes mellitus was nearly 10 and 
6 months, respectively. The average length of time spent 
with good and poor outcomes for stroke patients with 
atrial fibrillation was nearly 9 and 7 months, respectively. 
The average amount of time spent on good and poor out-
comes for hemorrhage stroke patients was nearly 16 and 
7 months, respectively. For severely brain-injured stroke 
patients, the average amount of time spent on good and 
poor outcomes was nearly 14 and 6 months, respectively. 
This showed that, based on the risk factors and outcomes 
of stroke patients, the average time spent in transient 
states may be longer for one group than the other.

Results for model comparison
The maximum likelihood of the unknown parameters for 
the covariate model was better, with a lower AIC score of 
2569.94, indicating that the chosen covariate model can 
predict future observations given that it best matches the 
data at hand.

Model diagnostic check
In medical studies, the expected probability of survival 
versus time is used to calculate the proportion of patients 
who survive for a given period of time after treatment. 
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The total survival function declined. Figure 2 depicts the 
expected probability of survival in a given state versus 
the average length of time spent for good outcomes (top) 
and poor outcomes (bottom). This finding suggests that 
stroke patients with a good outcome have survived longer 
than those with a poor outcome before dying. That is, as 
time progresses, the chances of adult (18 or older) stroke 
patients surviving decline.

The prevalence plots approximate the goodness of 
fit of a multi-state model with variables. The actual 
prevalence is shown in solid lines, while the expected 

prevalence is shown in dashed lines. The model slightly 
overestimated the good outcome, underestimated the 
poor outcome, and overestimated death about 6, 12, 
and 21 months backward, as shown in Fig. 3. An omit-
ted covariate could explain such differences. If the 
longitudinal data shows an increasing or decreasing 
pattern and the transition intensities are permitted to 
rely on covariates, the Markov property should be bet-
ter fitted.

Using the likelihood ratio test, the null hypothesis 
of time inhomogeneity in the models was rejected 

Table 3 Estimated average times spent on good and poor outcomes separately for each group of independent variables

Covariates Covariate levels Estimated average time spent in good 
state (months)

Estimated average time 
spent in poor state 
(months)

Gender of the patient Male 27 8

Female 24 8

Age of the patient 18-59 40 9

60 or older 13 6

 Hypertension Absent 48 9

Present 11 7

Diabetes Mellitus Absent 36 7

Present 10 6

Atrial Fibrillation Absent 40 7

Present 9 7

Types of stroke Ischemic  28 10

Hemorrhage  16 7

Glasgow Coma Scale Score Mild 27 11

Moderate 20 10

Severe 14 6

Fig. 2 Plot of the expected probability of surviving in a certain state against time
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(p-value = 0.000), and the alternative covariate model 
showed a significant improvement over the null model.

Discussions
We validated the well-known findings of the experts, 
namely that the chances of adult (18 or older) stroke 
patients surviving decline over time. The likelihood of a 
poor outcome among stroke patients decreased as fol-
low-up time (visit time) increased [29]. In contrast to Pan 
et al., who set the chance of worsening changes in good 
to poor outcome at zero [11], we observed that stroke 
patients with good outcomes lived longer than those with 
poor outcomes. The risk of shifting from a good to a poor 
outcome was 10%, and from a poor outcome to death was 
9%. Other investigations indicated that poor functional 
status was more common in stroke patients with stroke 
durations of more than 12 months [7]. The impact of dis-
ability on survival is greater than that of numerous other 
well-known prognostic variables [19]. Furthermore, we 
found that the chance of shifting from a poor to a good 
outcome was 24%. This finding implies that interventions 
that promote an early shift toward lower MRS scores 
could minimize both long-term disability and mortal-
ity [14]. The baseline transition intensities for functional 
recovery from poor to moderate, and then to good, were 
calculated to be 0.27 and 0.14, respectively [11]. The 
gap resulted from a variation in how absorbing and exit 
states were characterized (i.e., death state instead of good 
outcome).

According to this study, female stroke patients were 
more likely to progress from a good to a poor outcome. 
Women were more likely to have poor functional status, 
which was associated with a poorer likelihood of post-
stroke survival [7, 15, 30]. Several studies [31, 32] suggest 
that women with stroke had a greater death rate and a 
worse functional result than males. One plausible expla-
nation is that women generally live longer than men; 
more women have strokes over their lifetimes. Some risk 
factors may also contribute to this situation, such as atrial 
fibrillation, hypertension, and diabetes mellitus, which 
are more common in women [33–35]. The gender of 
stroke patients, on the other hand, had no effect on the 
transition between functional levels [11].

A number of studies in this area have shown that as 
adults’ ages increase, so does their risk of death [36, 37]. 
Stroke patients’ age increased their likelihood of having 
impaired functional abilities [7, 15, 38]. In our analysis, 
stroke patients aged 60 or older were more likely to pro-
gress from a good to a poor outcome than those aged 18 
to 59. The chance of a moderate to good functional sta-
tus was significantly impacted by patients’ age; younger 
stroke patients recovered faster [11]. This is due to the 
older population’s reduced muscle strength, altered walk-
ing, poor balance, and use of specific and many drugs, 
which contribute to the overall high stroke incidence [30, 
39].

The majority of other studies determined that hyper-
tension was a significant risk factor for stroke [9, 40, 41]. 

Fig. 3 Prevalence plot of the fitted model with covariates
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This study showed that stroke patients with hypertension 
were more likely to experience a transition from a good 
to a poor prognosis. The results of this study suggest that 
controlling high blood pressure is critical for lowering the 
risk of stroke-related functional impairment. This is due 
to hypertension hardening atherosclerosis and causing 
blood vessel constriction, leading to stroke [6]. Hyper-
tension has been recognized as a significant predictor 
of poor survival time and decreased functional outcome 
after stroke [19, 37].

Diabetes was found to be related to poorer outcomes 
following ischemic or hemorrhagic strokes in the major-
ity of studies [17, 19, 30, 38, 41], including higher mor-
tality, poorer neurological and functional results, longer 
hospital stays, higher readmission rates, and stroke 
recurrence. In this study, stroke patients with diabetes 
mellitus were more likely to progress from a poor out-
come to death. High blood sugar levels accelerate the 
development of atherosclerosis (artery narrowing and 
hardening). This increases the risk of stroke significantly 
[6].

Most studies found that patients with atrial fibrilla-
tion had a higher risk of poor functional outcomes and 
death [15, 19, 42]. This study found that stroke patients 
with atrial fibrillation were more likely to have their 
health deteriorate from good to poor and then die. In 
response to irregular heartbeats, the heart does not con-
tract as hard as it should. This can cause blood to pool in 
the heart and clot. When blood clots dislodge, they may 
travel to the brain and thus become stuck in a narrow 
brain artery, limiting blood flow and causing a stroke [6].

According to the findings of this study, stroke patients 
with hemorrhagic-type stroke were more likely to pro-
gress from a good to a poor outcome than those with 
ischemic-type stroke. Hemorrhagic stroke was associated 
with an increased risk of death [17, 43]. Some risk fac-
tors, such as high blood pressure and an irregular pulse, 
may contribute to this disability [6]. This is because treat-
ment is dependent on whether the stroke was ischemic 
or hemorrhagic, how long it has been since symptoms 
began, and whether the patient has underlying medical 
conditions.

The study revealed that stroke patients with severe 
Glasgow coma scale scores were less likely than those 
with mild Glasgow coma scale scores to transition from 
poor to good outcomes. Other findings revealed that 
adult stroke patients with Glasgow coma scales 3–8 had a 
higher chance of death than patients with Glasgow coma 
scales 13–15 [44]. A lower admission Glasgow coma 
scale score and hemorrhagic stroke significantly raised 
the chance of mortality [17]. When this occurs, a portion 
of the brain no longer receives the blood and oxygen it 
requires, and it begins to die.

One of the study’s main limitations is the retrospec-
tive observational design. Because the study period was 
three years, the statistically significant likelihood of the 
shift from poor outcomes to mortality outcomes is likely 
to be overestimated. This may be due to the limitations 
of the multistate Markov model, including the difficulty 
in determining sample size and the computationally 
demanding nature of the model. A long-term follow-
up could help identify significant transition intensities 
for functional recovery from a poor to a good outcome. 
More study is required to determine the effect of time-
varying risk factors on transition intensities for func-
tional recovery and mortality. Other limitations of this 
study included the exclusion of stroke patients without 
CT scan or MRI confirmation. And because stroke can 
happen to anyone, at any age, at any moment, everyone 
must be included, such as patients under the age of 20 
and those who die at any age.

Conclusion and recommendations
Women over 60 with hypertension, atrial fibrillation, and 
hemorrhagic stroke were more likely to progress from a 
good to a poor outcome. Diabetes and atrial fibrillation 
were also risk factors for progressing from a poor out-
come to death.

The states and transitions, as well as a clinical control 
of the hazards for the transition through states, should 
improve the physician’s decision-making process. Since 
gender and age are difficult to control, early intervention 
by patients and the hospital may be critical in influenc-
ing functional outcomes. A future study should focus on 
stroke patients who did not have a CT scan or an MRI 
and patients of any age at any time.
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