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Abstract

Stroke patients rarely have satisfactory survival, which worsens further if comorbidities
develop in such patients. Limited data availability from Southeast Asian countries, especially
Indonesia, has impeded the disentanglement of post-stroke mortality determinants. This
study aimed to investigate predictors of in-hospital mortality in patients with ischemic stroke
(IS). This retrospective observational study used IS medical records from the National Brain
Centre Hospital, Jakarta, Indonesia. A theoretically driven Cox’s regression and Fine-Gray
models were established by controlling for age and sex to calculate the hazard ratio of each
plausible risk factor for predicting in-hospital stroke mortality and addressing competing
risks if they existed. This study finally included 3,278 patients with IS, 917 (28%) of whom
had cardiovascular disease and 376 (11.5%) suffered renal disease. Bivariate exploratory
analysis revealed lower blood levels of triglycerides, low density lipoprotein, and total cho-
lesterol associated with in-hospital-stroke mortality. The average age of patients with post-
stroke mortality was 64.06 + 11.32 years, with a mean body mass index (BMI) of 23.77 kg/
m? and a median Glasgow Coma Scale (GCS) score of 12 and an IQR of 5. Cardiovascular
disease was significantly associated with IS mortality risk. NIHSS score at admission (haz-
ard ratio [HR] = 1.04; 95% confidence interval [Cl]: 1.00-1.07), male sex (HR = 1.51[1.01—
2.26] and uric acid level (HR = 1.02 [1.00—1.03]) predicted survivability. Comorbidities, such
as cardiovascular disease (HR =2.16 [1.37-3.40], pneumonia (HR = 2.43 [1.42—4.15] and
sepsis (HR =2.07 [1.09-3.94, had higher hazards for post-stroke mortality. Contrarily, the
factors contributing to a lower hazard of mortality were BMI (HR = 0.94 [0.89-0.99]) and
GCS (HRgye = 0.66 [0.48-0.89]. In summary, our study reported that male sex, NIHSS, uric
acid level, cardiovascular diseases, pneumonia, sepsis. BMI, and GCS on admission were
strong determinants of in-hospital mortality in patients with IS.
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Introduction

Stroke or cerebrovascular disease arises from an ischemic or hemorrhagic etiology. Globally,
stroke contributed to 3.54% of all-cause mortality in 1990 and 4.62% in 2013 [1]. Stroke inci-
dence, prevalence, mortality, and disability-adjusted life-year (DALY) rates increase from 1990
to 2013. However, the overall stroke burden, in terms of the absolute number of people
affected by or who remained disabled from stroke, has escalated worldwide in both men and
women of all ages [2].

Based on the global burden of disease, disability caused by stroke is steadily increasing, as
denoted by the remaining high absolute number of DALY [3]. Although the Southeast Asian
(SEA) countries do not have a complete report on prevalence and incidence rates, the mortal-
ity rate is 56-193.3/100,000 person-years. Indonesia, Myanmar, and Lao PDR are ranked as
the countries with the highest IS-related mortality rates in SEA (193.3, 165.4, and 141.3
/100,000 person-years respectively) [4]. Within one month, the case fatality rate (CFR) for IS is
13.5% worldwide and 10.8% in Asia [5].

Identifying the mortality determinants is imperative for appropriately profiling the risk in
patients with IS. Several vascular risk factors contribute to the occurrence of stroke and recur-
rent stroke, including hypertension, diabetes, hypercholesterolemia, and smoking [6]. Patients
with diabetes who present with stroke have a higher mortality risk, with a hazard ratio of 2.15
[7]. Hypertension, chronic heart failure, ischemic cardiovascular disease, and atrial fibrillation
also contribute to post-stroke mortality [8]. Prior to mortality, a lower health-related quality of
life (HRQoL) is also observed among older patients of non-Asian ethnicity with higher
National Institutes of Health Stroke Scale (NIHSS) scores. To improve HRQoL, it is para-
mount to implement improved stroke care, which in turn decreases mortality and CFR [9],
especially during hospital care.

However, we are yet to completely unravel the determinants of post-stroke mortality in
SEA, particularly in hospital settings. A study in Taiwan reported rates of in-hospital mortality
in ischemic stroke of 6-8% and in Asia of around 8.8% [10]. The first publication regarding
in-hospital stroke mortality from Kazakhstan with a population from central Asia shows that
hypertension, chronic heart failure, ischemic heart disease, and atrial fibrillation are the main
risk factors [8]. Furthermore, a study in Southwestern Saudi Arabia shows that the in-hospital
mortality rate is influenced by pre-stroke smoking, pre-stroke hypertension, poor mobility,
post-stroke disturbed consciousness, and pulmonary embolism [11]. A previous publication
highlighted the varying degrees of outcome affected by stroke. In Indonesia, there is limited
data available regarding poststroke mortality in hospital care.

The National Brain Centre Hospital (NBCH) is a tertiary care hospital that provides medi-
cal care for neurological diseases, including stroke. It was first established by the Ministry of
Health of the Republic of Indonesia to anticipate a steadily increasing prevalence of stroke.
Since 2013, the NBCH has been the national reference for neurological cases, contributing to
the annual management of at least 3,000 IS patients.

Providing holistic post-stroke care requires a thorough investigation of the factors that
influence stroke clinical outcomes, including mortality. This study aims to determine the haz-
ard factors and survivability in ischemic stroke among a cohort of Indonesian patients.

Methods
Study design and eligibility criteria

This retrospective, observational study was conducted at the NBCH in Jakarta, Indonesia. All
patients underwent a standardized neurological assessment at hospital admission. The study
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population included hospitalized IS patients according to the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) definition along with the ICD-10 code 163 for acute ischemic
stroke [12]. Patients with intracranial hemorrhage (ICH), subarachnoid hemorrhage, or tran-
sient ischemic attack (TIA) were excluded. Clinical assessment included information on
demographic characteristics, personal and family histories, and vascular risk factors. Neuro-
logical examination, biochemical blood tests, and computed tomography or magnetic reso-
nance imaging of the brain were performed in all patients as per our national standard at
admission. Stroke severity at baseline was assessed using the NIHSS, and consciousness level
was assessed using the Glasgow Coma Scale (GCS) [13]. Verbal incoherence was defined as a
verbal component of the GCS score of < 4.

Cardiovascular diseases were determined using the International Classification of Diseases,
10™ revision (ICD-10), namely, diseases of the circulatory system 100-199. Ischemic heart dis-
ease was defined as hospital admission with ICD-10 codes 120-125, hypertensive heart disease
with ICD-10 codes I10-116, and diseases of the arteries, arterioles, and capillaries with ICD-10
codes I70-179.

Renal disease was defined as declining glomerular function, as indicated by a lower esti-
mated glomerular filtration rate (¢GFR) of <90 mL/min/1.73 m>. As a terminal phase of renal
disease, renal failure was recorded as ICD-10 codes N17-N19. The cause of renal failure was
defined by ICD-10 codes N00-NO8 for glomerular diseases, N10-N16 for renal tubulo-intersti-
tial diseases, N20-N23 for urolithiasis, and N25-N29 for other disorders of the kidney and ure-
ter. All methods were performed in accordance with the STROBE and RECORD statements
(14, 15].

We defined uncontrolled diabetes and uncontrolled hypertension per ICD10 terms.
Uncontrolled diabetes was defined as a patient with diabetes mellitus with uncontrolled HbA1
level > 8%. [16]. Uncontrolled hypertension definition was determined as a patient with
untreated hypertension or not responding to standard current treatment [17].

Data collection and sources

Data for a period of one year was collected from 1 January to 31 December 2020. The manually
collected registry was derived from the electronic medical records in the hospital. The collected
data comprised sociodemographic and clinical variables, where each row represented a patient,
and each column represented the variable of interest. The patient’s discharge status was
recorded in the medical records. This study included all the recorded IS cases, and it was
approved by the institutional review board or independent ethics committee of the NBCH
(No: LB.02.01/KEP/089/2021). As the risk to the participants of the study was not greater than
the minimum risk in medical care, the requirement for individual written informed consent
was waived. The dataset contained no variables that could be used to identify patients.

Clinical outcomes

The clinical outcomes were all-cause and stroke-related mortality rates during hospitalization.
All the patients were monitored during their hospitalization. For patients with in-hospital
mortality, the cause of death was reviewed by a registered neurologist.

Statistical analysis

All statistical analyses used R 4.1.3 (R Foundation for Statistical Computing, Vienna, Austria).
An exploratory analysis was performed to describe the clinical variables of the study sample
across each pertinent variable. The complete dataset was separated into numerical and categor-
ical variables, and entries with missing data were removed during analysis. The numeric
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dataset was examined for centrality and spread, grouped by the outcomes of being alive (no
event) and death (event). Theoretically driven models explaining mortality in IS were explored
in a multivariable analysis (Fig 1A). Plausible factors considered to affect clinical outcomes in
stroke patients were as follows: history of uncontrolled diabetes or hypertension; [16, 17] the
presence of cardiovascular disease or renal disease; [18] patient age and sex; [9, 19-21] blood
pressure, measured as systole and diastole; GCS separated into individual measures of the eye
(E), movement (M), and verbal (V); body mass index (BMI); and blood level of uric acid. To
aid the exploratory procedure, significant variables reported in previous studies are included
in stepwise regression models, using a combination of forward and backward selection (Fig
1A). All variables selected through the stepwise regression were then selected as variables of
interest in a time-to-event analysis [22].

Besides variables selected through the stepwise procedure, other multivariable models were
further examined during the exploratory phase. All classification models were compared using
classification metrics, and only the best-performing model was interpreted. The final model
included the following variables to adjust the estimation of the hazard ratio: age, sex, cardio-
vascular disease, renal disease, BMI, uric acid, NTHSS and GCS components. Identified risk
factors were used to estimate the hazard of in-hospital-stroke mortality using a Cox’s regres-
sion and Fine-Gray model, where the outcomes were alive (0) and deceased (1) and the time
was set on a daily increment. The adjusted hazard ratio (HR) was calculated by exponentiating
the estimated values for each variable. The Fine-Gray model and cumulative incidence func-
tion (CIF) were used in addition to the Kaplan-Meier survival analysis to account for the com-
peting risk of in-hospital mortality. All statistical analysis steps were reported as S1 File.

Results

The complete dataset included 3,561 entries, with 167 (4.69%) recorded mortalities. Around
14% of the patients (499 out of 3,561) were referred from other previous hospitals. The top
three causes of death were cardiac arrest, pneumonia, and sepsis. Table 1 describes the statisti-
cal measures of centrality and spread. Upon missing data removal, our analysis retained 3,278
entries (Fig 1B) (7.9% missing data removed), consisted of 114 (3.48%) mortalities; 917
patients (28%) had cardiovascular disease, and 376 (11.5%) had renal disease.

Interestingly, exploratory analysis suggested that patients with post-stroke mortality had
low blood triglyceride levels (126 + 67.55 vs. 153 + 110.78 mg/dL). A similar trend was
observed for low density lipoprotein (LDL) levels (112 + 51.49 vs. 134 + 42.81 mg/dL; for dead
and alive patients, respectively) and total cholesterol (172 + 54.85 vs. 193 + 51.21 mg/dL) levels,
but not for high density lipoprotein (HDL) levels (41 + 13.74 vs. 40 + 13.46 mg/dL) (Table 1).
Blood glucose levels would also be another variable of interest, but they were not included due
to the presence of missing values in the event group. Of all the recorded entries, the missing
values were 25%, 36%, and 31% for fasting blood glucose, postprandial blood glucose, and
HbAIC, respectively.

Clinical profiles of patient groups

The characteristics of the patients in Table 1 showed that older subjects and patients with a
lower BMI had worse outcomes. The patients’ ages were 64.06 + 11.32 years and 59.05 + 10.93
years in the event and no event groups, respectively. The BMI was 23.77 + 3.68 kg/m” in the
event group and 25.11 + 3.84 kg/m” in the non-event group. Irrespective of the group, patients
included in all analysis were 59.23 + 10.98 years old, with a BMI of 25.07 + 3.84 kg/m”. The
median # inter quartile range of GCS scores were 12 5 and 15 + 0 in the event and no event
groups, respectively.
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Variables

[1.Age | [5- Uncontrolled DM | [o. GCS - Eye | [13.BMI |
[2- sex | [6- Uncontrolled HT | [10. GCS - Movement | [14. Length of stay |
|3. Heart disease | |7A Systolic BP | |11. Verbal coherence | |15. NIHSS score |
[4. Renal disease | [8. Diastolic BP | [12 uric acid | [ Outcome |

Null removal

General Table Subset Table
All variables
All variables without err.
entries
Row: 3,561 Row: 3,278
Column: 15 Column: 15

Theoretically driven model
formulation

All variables +
All variables Mahalanobis
distance
M
All variables All variables
out 14 without 14

Stepwise regressions and model comparison

Selected
2,3,4,9, 10,
12,13, 15
Row: 3,278
Column: 9

3,561 ischemic stroke

patients
e 238 patients with missing data
without DM data
»| ¢ 1 without systole and diastole data
e 219 without uric acid data
e 82 without BMI data
A4

3,278 patients with
complete data

Fig 1. A. Variables selection procedure. B. Patients selection flow chart.

https://doi.org/10.1371/journal.pone.0305100.g001
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Table 1. Baseline characteristics of ischemic stroke patients by event groups.

Overall Grouped by Event

Characteristic N =3,278 Alive, N = 3,164 Deceased, N =114 Difference 95% CI p-value
Age (years) 59.23 [10.98] 59.05 [10.93] 64.06 [11.32] 5.0 -7.1,-2.9 <0.001
Cardiovascular disease (yes/no) 917 (28%) 843 (27%) 74 (65%) -38% -48%, -29% <0.001
Renal disease (yes/no) 376 (11%) 334 (11%) 42 (37%) -26% -36%, -17% <0.001
Uncontrolled diabetes (yes/no) 1,084 (33%) 1,038 (33%) 46 (40%) -7.5% -17%, 2.1% 0.11
Uncontrolled hypertension (yes/no) 2,256 (69%) 2,179 (69%) 77 (68%) 1.3% -7.9%, 11% 0.8
Systole (mmHg) 157.49 [27.80] 157.61 [27.78] 154.14 [28.26] 3.5 -1.9,8.8 0.2
Diastole (mmHg) 89.69 [14.80] 89.81 [14.75] 86.25 [16.00] 3.6 0.56, 6.6 0.021
GCS—Eye 0.00 <0.001

0 1(<0.1%) 1(<0.1%) 0 (0%)

1 13 (0.4%) 6(0.2%) 7 (6.1%)

2 44 (1.3%) 35 (1.1%) 9(7.9%)

3 181 (5.5%) 150 (4.7%) 31 (27%)

4 3,038 (93%) 2,971 (94%) 67 (59%)

5 1(<0.1%) 1(<0.1%) 0 (0%)
GCS—Movement 0.00 <0.001

0 1(<0.1%) 1(<0.1%) 0 (0%)

1 6 (0.2%) 4(0.1%) 2 (1.8%)

2 4(0.1%) 2 (<0.1%) 2 (1.8%)

3 5(0.2%) 4(0.1%) 1(0.9%)

4 33 (1.0%) 22 (0.7%) 11 (9.6%)

5 259 (7.9%) 217 (6.9%) 42 (37%)

6 2,970 (91%) 2,914 (92%) 56 (49%)
Verbal coherence (%) 2,819 (86%) 2,766 (87%) 53 (46%) 41% 31%, 51% <0.001
Uric acid (mg/dl) 5.97 [4.43] 5.95 [4.49] 6.56 [2.33] 0,61 1.1,-0.15 0.009
BMI (kg/m?) 25.07 [3.84] 25.11 [3.84] 23.77 [3.68] 1.3 0.64, 2.0 <0.001
LoS (days) 5.09 [3.39] 4.98 [3.15] 8.13 [6.85] -3.1 -4.4,-1.9 <0.001
NIHSS (score) 6.42 [4.75] 6.22 [4.60] 12.01 [5.58] -5.8 -6.8,-4.7 <0.001
RBS (mg/dl) 166.81 [89.66] 166.66 [89.80] 170.98 [86.10] -4.3 -21,12 0.6
Pneumonia (n/%) 220 (6.7%) 162 (5.1%) 58 (51%) -48% -58%, -38% <0.001
Sepsis (n/%) 27 (0.8%) 10 (0.3%) 17 (15%) -15% -23%, -8.0% <0.001
Trigliceryde (mg/dl) 152.68 [112.24] 153.67 [113.32] 124.92 [71.42] 29 15,43 <0.001
LDL-C (mg/dl) 133.69 [43.37] 134.34 [42.87] 115.67 [52.76] 19 8.5,29 <0.001
HDL-C (mg/dl) 39.73 [13.66] 39.70 [13.67] 40.75 [13.47] -1.1 -3.7,1.5 0.4
Total cholesterol (mg/dl) 192.65 [51.91] 193.29 [51.65] 174.76 [56.23] 19 7.7,29 <0.001
Male (%) 2,097 (64%) 2,019 (64%) 78 (68%) -4.6% -14%, 4.5% 0.4

Mean [SD]; n (%)

Welch Two Sample t-test; Two sample test for equality of proportions; 12-sample test for equality of proportions without continuity correction; 14-sample test for

equality of proportions without continuity correction
BMI = body mass index; CI = confidence interval; GCS = Glasgow coma scale; HDL-C = high density lipoprotein-cholesterol; LDL-C = low density lipoprotein-
cholesterol; LoS = length of stay; NIHSS = National Institute of Health Stroke Scale/Score; n = number of patient; RBS = random blood sugar; SD = standard deviation.

https://doi.org/10.1371/journal.pone.0305100.t001

Predictors for mortality

Table 2(A) and Table 2(B) described the model summary, where both NIHSS score and uric
acid level predicted mortality. Male patients had a higher hazard ratio for post-stroke mortal-
ity. With a one-year increment, older patients were at a higher hazard of having an event (mor-
tality). This trend was not statistically significant (p = 0.078), with a 95% confidence interval
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Table 2. HR of predictors in causing stroke mortality, after adjusting for age and sex.

(a) Fine-Gray Model

Characteristic HR 95% CI p-value
NIHSS (score) 1.04 1.00, 1.07 0.037
Cardiovascular Disease (yes/no) 2.15 1.37,3.37 <0.001
Renal Disease (yes/no) 1.38 0.87,2.20 0.2
BMI (kg/mz) 0.94 0.89, 0.99 0.014
Age (year) 1.02 1.00, 1.04 0.077
GCS—Movement 0.86 0.65, 1.15 0.3
GCS—Eye 0.66 0.49, 0.89 0.007
Sex—Male 1.52 1.02, 2.26 0.040
Uric acid (mg/dl) 1.02 1.00, 1.03 0.014
Pneumonia (yes/no) 2.41 1.42, 4.09 0.001
Sepsis (yes/no) 2.06 1.09, 3.88 0.025
(b) Cox’s regression model

Characteristic HR 95% CI p-value
NIHSS (score) 1.04 1.00, 1.07 0.038
Cardiovascular Disease (yes/no) 2.16 1.37,3.40 <0.001
Renal Disease (yes/no) 1.39 0.86,2.23 0.2
BMI (kg/m2) 0.94 0.89, 0.99 0.015
Age (year) 1.02 1.00, 1.04 0.077
GCS—Movement 0.87 0.65, 1.16 0.3
GCS—Eye 0.66 0.48,0.89 0.006
Sex—Male 1.51 1.01,2.26 0.044
Uric acid (mg/dl) 1.02 1.00, 1.03 0.014
Pneumonia (yes/no) 243 1.42,4.15 0.001
Sepsis (yes/no) 2.07 1.09, 3.94 0.027

BMI = body mass index; CI = confidence interval; GCS = Glasgow coma scale; HR = hazard ratio; NIHSS = National
Health Institute Scale/Score

https://doi.org/10.1371/journal.pone.0305100.t002

(CI) range of 1.00-1.04. Comorbidities, such as cardiovascular disease, pneumonia, or sepsis,
except renal disease, were also strong predictors of in-hospital mortality. In contrast, a higher
BMI and GCS would indicate lower hazard of death.

Discussion

To the best of our knowledge, this is the first large prognostic study on hospital patients with
IS from a tertiary care hospital in Indonesia. Our data considerably confirmed that male sex,
presence of cardiovascular disease, pneumonia, and sepsis, NIHSS score on admission, hyper-
uricemia, BMI and GCS were strong predictors of in-hospital mortality in IS patients.

The NBCH is a referral hospital that specializes in stroke and neurological disorders care,
which represents the current clinical practice in Indonesia. The mortality rate in our hospital
is rather similar to that reported in the United States (4.43% vs. 4.92%). Compared to other
countries, the in-hospital mortality rate of our hospital for IS is slightly higher than that of
China (4.43% vs. 3.2%) [23], even though the median age of the studied population in both
studies was comparable. However, our mortality rate is much lower than that reported for in
Sarawak, Malaysia (4.43% vs. 6.7%) [24]. Our study underlined the available comorbidities
among IS patients to explore the plausibility of mortality rate differences between our study
and reports from other countries.
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According to a study conducted in the United States, heart failure and atrial fibrillation are
the comorbidities requiring prompt evaluation and revascularization to prevent adverse out-
comes among acute IS patients [25]. Patients undergoing intravenous thrombolysis (IVT) had
better or comparable in-hospital adverse outcomes than those who did not undergo such a
procedure. Prior cardiovascular diseases significantly increase the risk of early mortality in
patients with IS and even in those with stroke mimics [26]. Our study confirmed that cardio-
vascular disease is a significant predictor of in-hospital mortality as well, which could possibly
be due to several plausible mechanisms. Patients with cardiovascular disease might also pres-
ent with heart rate variability (HRV) and autonomic dysfunction, with both predictors
increasing the odds of in-hospital stroke mortality. HRV has also been proposed as a bio-
marker for predicting stroke and its complications or functional outcomes. A previous system-
atic review suggested that time- and frequency-domain HRV parameters predict post-stroke
functionality [27].

Our findings also revealed that hyperuricemia is a significant factor for in-hospital mortal-
ity in IS patients. A previous retrospective cohort analysis of 3,731 patients demonstrated that
hyperuricemia predicted poor outcomes and is associated with a higher vascular event rate
among stroke patients [28]. Hyperuricemia worsens the outcomes of IS by increasing the mor-
bidity and mortality rates. Although the reports on hyperuricemia and stroke outcomes are
seemingly inconsistent with conflicting findings, thereby necessitating further investigation.
Patho-physiologically, human atherosclerotic plaques contain more urate crystals, which trig-
ger an inflammatory response due to phagocytosis of the deposited urate crystals by polymor-
phonuclear leukocytes subsequently leading to intimal damage, platelet activation, and
coagulation cascades. Moreover, a previous meta-analyses study by Kim et al. showed that the
stroke incidence (relative risk (RR) = 1.41) and mortality (RR = 1.36) were strongly associated
with high uric acid levels [29].

Obesity, a metabolic disorder, is considered an established predictor of IS [30]. However,
many studies suggest a better prognosis among overweight and obese patients after IS [31-33].
The improved survival, functional outcomes and stroke recurrence among overweight and
obese IS patients were collectively termed the “obesity stroke paradox” [32, 33]. This appealing
evidence was also revealed by our study, wherein a higher BMI was associated with a lower
mortality risk. Although the underlying mechanisms are still unclear, the lipid profiles of living
patients in our cohort were significantly better than those of patients with events. Further-
more, the ACROSS-China prospective study confirmed that low BMI and low uric acid levels
had a combined effect on poor outcomes in IS patients [34].

Although the difference was not statistically significant, men tended to have a higher post-
stroke mortality risk. A previous review findings indicated an equal trend of mortality risk
between men and women, although several studies in that review revealed a higher prevalence
of post-stroke mortality in men [35]. Low post-stroke mortality rates among women have
been linked to the protective role of estrogen in preventing stroke. After menopause, the inci-
dence of stroke became similar between men and women. Other studies have also indicated a
higher risk of cardiovascular disease and stroke mortality in women with premature or early
onset menopause [36]. Willer et al.’s study also revealed that women who were older at the
time of stroke had more severe stroke events and more disabilities [20]. Efforts are required to
make a more intricate and direct comparison between the sexes.

Studies have also shown a strong correlation between the NIHSS score and higher 30-day
mortality risk. One study mentioned the percentages of risk associated with NIHSS score,
which were as follows 0-7, 4.2%; 8-13, 13.9%; 14-21, 31.6%; 22-42, 53.5% [37]. In another
study reporting the 30-day mortality rate of acute IS patients was 2.3% and >75% for patients
with scores of 0 and > 40, respectively. A model with the NIHSS score alone provided nearly
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as good discrimination [38] with higher grade indicating a higher risk of mortality. The above
data indicated that the NIHSS provides substantial prognostic information regarding the
30-day mortality risk among acute IS cases. This index of stroke severity is a very strong dis-
criminator of mortality risk, even in the absence of other clinical information, regardless of
whether it is used as a continuous or categorical risk determinant.

In selecting the predictors of in-hospital mortality in the study, we applied a theoretical-
based model, instead of initially using bivariate selection (BVS). Using BVS is inappropriate,
despite its common statistical procedure that has been utilized in previous medical research.
In BVS, if the statistical p value of a predictor in the bivariate analysis is higher than the arbi-
trary value (often p = 0.05), then this predictor will not be chosen for inclusion in the multivar-
iable analysis [22]. This variable selection technique is inappropriate because the BVS method
wrongly rejects potentially plausible variables when the association between a clinical outcome
and a predictor is confounded, let alone if this confounder is not appropriately controlled [39].
Data with multiple variables are situated in a higher-dimensional mathematical space and
behave differently compared to data in a lower-dimensional space. Consequently, multiple
testing in multiple variable data causes an inflation of the error rate [40]; hence, the current
statistical literature is strongly against the use of the BVS technique [41]. Although the variable
selection method still merits some modelling purposes [42], we opted to follow a theory-driven
approach.

Previous publications have highlighted the importance of the theory-driven approach when
designing research and analytical procedures [39-42]. Thus, this theoretically driven model
explaining in-hospital mortality in IS patients was explored through a multivariable analysis.
Furthermore, the analysis was rationalized by experts’ opinions on the clinical relevance of the
study to formulate a parsimonious model. The final model included the following variables:,
male sex, presence of cardiovascular disease, hyperuricemia,, pneumonia, sepsis and NIHSS,
BMI, and GCS.

The goal of the present study was to ascertain the survivability of IS patients, and the most
widely used statistical methods for survival analysis are the Kaplan-Meier method for estimat-
ing survival function and the Cox proportional hazards model for estimating the effects of
covariates on the likelihood of the occurrence of in-hospital mortality among patients with IS.
The aforementioned methodology typically relies on the assumption of non-informative cen-
soring, which asserts that censoring occurs independently of the risk for the outcome of inter-
est. The violation of this assumption introduces bias in the analysis [43].

Competing risks occur frequently in the survival analysis. A competing risk is an event
whose occurrence prohibits the occurrence of clinical outcome of interest [43]. In a study
focusing on the time to CVD and stroke mortality, the risk of death attributable to non-CVD
and non-stroke causes is called a competing risk. The cumulative incidence function (CIF)
and the Fine-Gray model should be used to estimate the crude incidence of clinical outcomes
rather than to complement the Kaplan—Meier survival function per se. Given that the estimates
of incidence are skewed upward when the Kaplan-Meier survival function is used, whether or
not the competing events are related to one another is unknown [44, 45]. To ensure that there
is no upward bias in calculating the hazard ratio of in-hospital mortality in IS, we used the CIF
and Fine-Gray model in addition to the Kaplan-Meier survival analysis and Cox- regression
model in our study (Table 2, Fig 2A and 2B). In fact, the hazard ratios of predictors for in-hos-
pital mortality in IS patients in both models are identical. Hence, our study has no upward
bias.

The presence of GCS in predicting mortality was deemed rather straightforward, where
patients with a higher GCS score had a better level of consciousness and, thus, better surviv-
ability. Among of the three GCS components, the verbal domain was rather difficult to assess
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Fig 2. A. Cumulative incidence function of stroke mortality, grouped by categorical variable of interest. B. Estimated
survival probability based on Cox’s regression model result in Table 2.

https://doi.org/10.1371/journal.pone.0305100.g002

PLOS ONE | https://doi.org/10.1371/journal.pone.0305100 June 12, 2024

10/14


https://doi.org/10.1371/journal.pone.0305100.g002
https://doi.org/10.1371/journal.pone.0305100

PLOS ONE

Prognostic model of in-hospital ischemic stroke mortality in Indonesia

since patients might be verbally incoherent. The GCS score was then separated into the eye,
movement, and verbal domains to avoid reduced statistical power due to the presence of
mixed statistical errors in the verbal domain. The variability in the verbal domain resulted in
its removal during variable selection using stepwise regression.

There are several limitations to the present study. First, our study results could not be gen-
eralized to other populations, because they were derived from a single tertiary hospital and
only from one year period; the sample size was further limited by omitting patients with TIA,
potentially affecting the results of the analysis. Second, our study was conducted in a tertiary
referral hospital that specializes in stroke and neurological disorders. Third, the year 2020 was
the year COVID-19 pandemic started and it was possible that COVID-19 became one of the
risk factors for mortality in our study. However, due to the very small number of COVID-19
patients in our study and none of them died, we could not include COVID-19 diagnosis in the
analysis. Therefore, a large population-based study with a nationwide setting and longer
period is necessary to confirm our findings.

Regardless of the study limitations, the strength of this study is its ability to capture all the
clinical outcomes noted in hospitals among the Indonesian population.

In conclusion, our study data showed that male sex, cardiovascular disease, pneumonia,
sepsis, hyperuricemia, NIHSS score on admission and GCS are strong predictors of in-hospital
mortality in patients with IS. Additionally, the obesity-stroke paradox, represented by a higher
BMI, was confirmed in our cohort.
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