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Abstract

Aim: To examine all-cause mortality predictors among lab indicators and drugs admin-
istered to stroke patients in Kazakhstan.
Methods: This retrospective study analyzed data from 272 patient records derived from
the UNEHS database (2014-2019). The GPT-40 model was used to dissect the records and
assist in the extraction of lab and medication data; other clinical and demographic data
were derived from the previous study [6]. Statistical analyses included univariate, mul-
tivariate, and imputed multivariate logistic regressions (STATA version 16.1).
Results: In our cohort, deceased patients were older (66.1 vs. 58.6, p < 0.0001). Adjusted
logistic regression revealed age (OR 1.04), hemoglobin (OR 0.97), and piracetam (OR 3.17)
as independent predictors. After multiple imputation, Russian ethnicity (OR 2.79), PTI
(OR 0.97), and dopamine (OR 5.23) became independent predictors, while piracetam lost
its significance.
Conclusions: Findings suggest the importance of future research on stroke predictors in
bigger cohorts to facilitate the introduction of innovations to stroke patients’ care to po-
tentially decrease the burden on the Kazakhstani population.

Keywords: Stroke; Retrospective cohort study; All-cause mortality; Predictors of mortal-
ity; Al-assisted data extraction; Regression analysis.

Introduction

Stroke has long been a major public health problem.
In 2021, stroke was the third largest cause of death in
the world [1]. Kazakhstan is no exception, and the third
largest cause of death is stroke as well, taking 224.4 lives
per 100,000 population in 2021 [2]. The American Stroke
Association has defined stroke as "brain, spinal cord, or
retinal cell death resulting from ischemia, based on
pathological, imaging, or other objective evidence of
cerebral, spinal cord, or retinal focal ischemic injury in
a defined vascular distribution; or clinical evidence of
cerebral, spinal cord, or retinal focal ischemic injury
based on >24 hours of symptoms or until death, and ex-
cluding other causes" [3]. As indicated by the Global

Burden of Disease (2024), in 2021, a stroke crude inci-
dence was 11.95 million cases [4]. In the same year, the
global prevalence of stroke was 93.82 million people, of
which acute ischemic stroke accounted for 69.94 mil-
lion, intracerebral hemorrhage for 16.60 million, and
subarachnoid hemorrhage for 7.85 million cases. Look-
ing at mortality, a total of 7.25 million stroke deaths
were reported worldwide. Ischemic stroke caused 3.59
million deaths, intracerebral hemorrhage caused 3.31
million deaths, and subarachnoid hemorrhage caused
0.35 million deaths. [5]. In Kazakhstan, the incidence of
stroke was valued at 1884 people per million popula-
tion (PMP) [6].
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Mortality from stroke is influenced by several fac-
tors, including stroke severity, type of the disease, and
its complications [7, 8]. Early prediction of stroke out-
come can help healthcare workers prioritize high-risk
patients, optimize treatment regimens, and make better
use of resources. This will improve the prognosis of pa-
tients, ultimately reducing disability and mortality
rates among stroke patients. Different research works
show that the utilization of laboratory testing results
has great promise to be a reliable tool for that purpose
[9-11].

Understanding the impact of drug treatment on
stroke outcomes is essential for improving survival
rates and guiding clinical decision-making. While phar-
macological interventions, particularly thrombolytic
therapy, antiplatelet agents, and anticoagulants, play a
crucial role in stroke management, their effect on mor-
tality in Kazakhstan remains underexplored.

The majority of the existing studies on mortality pre-
dictors are biased toward Western populations, there-
fore, it is important to contribute to global health equal-
ity by conducting similar studies on an underrepre-
sented population of Kazakhstan. Unique demographic
and genetic factors could influence the results and ex-
pand our understanding of the matter.

For that reason, this study aims to examine all-cause
mortality predictors among lab indicators and drugs
administered to stroke patients in Kazakhstan. We hy-
pothesize that independent predictors of stroke mortal-
ity can be found in patients” laboratory and medication
data.

Materials and Methods

Study Design and Population

This retrospective cohort study utilized hospital dis-
charge records from the Unified National Electronic
Health System (UNEHS) of Kazakhstan for patients ad-
mitted with stroke between 2014 and 2019 [12]. The
original UNEHS records contained comprehensive pa-
tient data, including personal information, hospital and
physician details, admission status, anamnesis, diagno-
sis, laboratory results, in-hospital drug treatment, and
patient outcomes. Due to time constraints associated
with the initial scope of this research as a Capstone pro-
ject, detailed clinical data (laboratory indicators and

drug treatment) were extracted for a randomly selected
subset of 272 patient records. To obtain demographic
characteristics for this cohort and supplement outcome
data, these 272 records were subsequently merged with
a larger dataset from a study by Zhakhina et al. (2022)
and other UNEHS databases, using unique RPN IDs
present in all records [6]. This approach also aimed to
enrich the Zhakhina et al. data, which lacked detailed
laboratory and medication information.

Ethical Considerations

The study received ethical approval from the Naz-
arbayev University Institutional Research Ethics Com-
mittee (NU-IREC 490/18112021). The requirement for
informed consent was waived by the NU-IREC because
the study was retrospective and utilized depersonal-
ized data. All research activities were conducted in
compliance with institutional requirements and rele-
vant legal regulations.

Depersonalization Of Discharge Reports

Prior to any data extraction, all raw patient dis-
charge reports underwent a depersonalization process.
A custom-trained text processing model was developed
and employed to remove all personal identifying infor-
mation (PII), including names of patients, doctors, hos-
pitals, and specific locations. This model achieved 100%
accuracy on a manually labeled validation set of 100
records. The depersonalized reports were used for all
subsequent steps.

Segmentation of Clinical Records

For the 272 selected patient records, clinical infor-
mation within the depersonalized discharge reports
was manually segmented by trained personnel. Rec-
ords were divided into standardized sections: com-
plaints, anamnesis, status, doctor’s visits, laboratory
tests, instrumental tests, drugs in hospital, procedures
in hospital, diagnosis, prescription, recommendation,
and outcome. This manual segmentation ensured accu-
rate categorization for subsequent data extraction.

As part of a broader research initiative under the
"Faculty Development Competitive Research (Al and
Data Science) 2024-2026" Grant Program, an Al model
(OpenAl GPT-40-based) was also fine-tuned on ap-
proximately 2300 manually annotated records to per-
form automated segmentation (Figure 1). However, for
the specific analysis presented in this paper, the data for
the 272 patients were derived from the aforementioned
manually segmented records to ensure the highest pre-
cision.
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Figure 1. The data extraction process of electronic medical records.

Extraction of Laboratory and Medication Data

From the manually identified "drugs in hospital"
and "laboratory tests" sections of the 272 records:

¢ Medication data: The OpenAI GPT-40 model was
used for the initial extraction of drug names, dosages,
and frequencies from the "drugs in hospital” segments.
These Al-assisted extractions were subsequently manu-
ally reviewed, corrected, and validated utilizing a cus-

tom user interface (UI) depicted in Figure 2.

w Drugs Text

Structured Drugs Data

Nam:

MgS0o4

KCl

e Form Dosage Unit
solution v NA
solution N2 NA

NeHToKcUbUNNMH solution v 5.0 mL
BeHogyHanH solution v 500 mg
®dpakcunapuH solution v 03 mL

e Laboratory Data: Similarly, the GPT-40 model
was used for the extraction of structured information
from the "lab result" segments. All extracted laboratory
values were then manually verified and corrected via a
similar UL

The resulting laboratory and medication data for the

272 patients reflect this dual, manually verified process.

Concentration Frequency Duration Route
25% 15.0 mL NA 2 NA intravenous N2
4% 30.0 mL NA v NA intravenous v
NA NA v NA intravenous 87
NA NA v 9 days intravenous v
NA 2 1day NA N

Figure 2. The interface of the training model for the extraction of drug treatment data.
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Data Integration

Patient outcomes (e.g., mortality) for the 272-patient
cohort were confirmed and supplemented by cross-ref-
erencing their RPN IDs with the database from the
study by Zhakhina et al. (2022) and other databases
within UNEHS [6]. The final analytical dataset com-
bined the detailed clinical data from the 272 records
with demographic and outcome data.

Definition of Variables

Demographic Characteristics.

Unique patient entries consisted of gender, date of
birth (used to calculate age at admission), ethnicity, and
type of admission. The date of death was recorded if
applicable.

Medical Characteristics.

Medical variables included type of stroke (ischemic
stroke [AIS], intracerebral hemorrhage [ICH], or sub-
arachnoid hemorrhage [SAH]), follow-up period,
length of hospital stay, and all-cause mortality. Acute
kidney injury (AKI) was determined based on an in-
crease in serum creatinine of more than 26 pmol/l be-
tween the first and second measurements during hospi-
talization, in accordance with National Kidney Founda-
tion guidelines [13], where applicable.

Drug Treatment.

From the manually validated medication data, 173
unique drugs were identified. For this analysis, the use
of 11 specific drugs frequently used in stroke treatment
was coded as a binary variable (yes/no). These 11 drugs
were: captopril, diazepam, dexamethasone, dopamine,
magnesium sulphate, fraxiparin, actovegin, cerebroly-
sin, vinposan, piracetam, and strocitus. Their selection
was based on the clinical protocol of the Ministry of
Health and Social Development of the Republic of Ka-
zakhstan (Protocol No. 7, July 13, 2016, code “164 -
stroke, not specified as hemorrhage or infarction”).

Laboratory Tests.
The following laboratory indicators, extracted and
verified as described above, were included in the

analysis: creatinine, total serum bilirubin, fibrinogen,
blood leukocyte count, hemoglobin, hematocrit, blood
sugar, blood urea, erythrocyte sedimentation rate
(ESR), potassium, sodium, blood protein, urea protein,
alanine aminotransferase (ALT), aspartate transami-
nase (AST), prothrombin time (PTT), activated partial
thromboplastin time (APTT), international normalized
ratio (INR), and prothrombin index (PTI).

Statistical Analysis.

Descriptive data are depicted as percentages for cat-
egorical variables and as mean =+ standard deviation
(SD) in case of normal distribution or median (inter-
quartile range—IQR) in other cases. All subjects were
divided into survivors and deceased. The x2 test was
utilized for comparison of categorical variables, while
continuous variables were compared using Student’s t-
tests or Mann—Whitney U tests, as appropriate. The as-
sociation between demographics, laboratory data, med-
ication data, and risk of all-cause mortality was exam-
ined using unadjusted (univariate) and adjusted (mul-
tivariate) logistic regression analyses. The following
models were constructed that include confounders
picked based on their significance level in unadjusted
analysis and overall potential health effect: Model 1:
age, gender, ethnicity, length of hospital stay; Model 2:
added Dopamine, Fraxiparine, Piracetam, and Strocitus
to Model 1; Model 3: added fibrinogen, hemoglobin,
INR, PTI, blood sugar, and urea to Model 2. Subsequent
logistic regression with multiple imputation was done
as a sensitivity analysis to account for missing values
(Supplementary Table 1).

All P values displayed are two-sided with the level of
significance set at <0.05 for all analyses. All analyses
were conducted using STATA 16.1 (College Station,
TX).

Results

A total of 272 patients were included in the anal-
ysis. Among them, 126 (46.3%) died, and 146 (53.7%)
survived during the follow-up period. The baseline de-

mographic and clinical characteristics are shown in Ta-
ble 1.
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Table 1. General characteristics of admitted stroke patients.

Characteristic Total (n =272) Survived (n=146) | Deceased (n =126) p-value
Age, year (mean + SD) 62.1+13.61 58.6+13.31 66.1+12.87 <0.0001
Gender, n (%) 0.380
S Mae | 1massy | 756137 | 58609 |
"""""" Female | 139G110) | 71(4863) | 6839 |
Ethnicity, n (%) <0.0001
"""""" Kazakh | 146(368)  |91(623) | 5@ |
"""""" Russian  |75@75) | sa71)  |50(968) |
 Other  |siasmy | 005 (210667 |
Laboratory findings at admission
Serum creatinine, pumol/l (median [IQR]) 87.67 [68.3-113] 84 [62.31-105.7] 90 [75.9-120.6] 0.070
ALT, U (median [IQR]) 16 [10-29.87] 16 [10-32.19] 14.9 [9.6-28] 0.453
aPTT, seconds (mean + SD) 35.69+14.51 35.87+13.41 35.48+15.85 0.872
AST, U (median [IQR]) 19.9 [10.8-31.8] 23.15[11.4-32.2] 18.33 [10.8-29.9] 0.277
Total bilirubin, pmol/l (median [IQR]) 13.68 [9.8-18.2] 13.9 [10-18] 13.2 [9.8-18.5] 0.582
Fibrinogen, g/l (mean + SD) 3.81£1.65 3.60+1.42 4.09+1.9 0.077
Hemoglobin, g/1 (mean + SD) 136.19+21.57 139.04+19.46 132.58+23.61 0.029
Hematocrit, % (mean + SD) 42.28+8.78 43.19+6.59 41.39+10.49 0.273
Leukocytes, *10"9/1 (mean + SD) 8.81+3.92 8.68+3.68 8.98+4.22 0.572
INR, (mean + SD) 1.07+0.19 1.05+0.15 1.10+0.23 0.140
Potassium, mmol/l (mean + SD) 4.07+0.86 4.13+0.92 3.99+0.80 0.423
Blood protein, g/l (mean + SD) 67.95+10.81 68.48+10.26 67.28+10.13 0.472
PTL, % (mean * SD) 91.87+10.43 94.29+8.46 89.22+11.73 0.0049
PTT, seconds (median [IQR]) 15.5 [14-17.8] 15.2 [14-16.5] 16 [14.3-18.55] 0.118
Sodium, mmol/l (mean + SD) 141.63+7.68 141.40+6.67 141.90+8.81 0.772
ESR, mm/h (median [IQR]) 13 [6-23] 13 [5-23] 12.5 [6-23] 0.592
Blood sugar, mmol/l (median [IQR]) 6.2 [5.3-7.85] 6.2 [5.3-7.9] 6.2 [5.3-7.7] 0.888
Urine protein, g/l (median [IQR]) 0.03 [0-0.066] 0.033 [0-0.066] 0 [0-0.066] 0.939
Urea, mmol/l (median [IQR]) 6.1 [4.6-7.6] 5.8 [4.4-6.9] 6.37 [5.2-8.82] 0.0044
Medications
Captopril, n (%) 3 (1.10) 3 (2.05) 0 (0.00) 0.106
Diazepam, n (%) 3 (1.10) 0 (0.00) 3(2.38) 0.061
Dexamethasone, n (%) 27 (9.93) 14 (9.59) 13 (10.32) 0.841
Dopamine, n (%) 14 (5.15) 3 (2.05) 11 (8.73) 0.013
Magnesium sulfate, n (%) 155 (56.99) 87 (59.59) 68 (53.97) 0.350
Fraxiparine (Nadroparin), n (%) 19 (6.99) 15 (10.27) 4(3.17) 0.022
Actovegin, n (%) 141 (51.84) 74 (50.68) 67 (53.17) 0.682
Cerebrolysin, n (%) 32 (11.76) 19 (13.01) 13 (10.32) 0.491
Vinposan (Vinpocetine), n (%) 61 (22.43) 31 (21.23) 30 (23.81) 0.611
Piracetam, n (%) 133 (48.90) 64 (43.84) 69 (54.76) 0.072
Strocit (Citicoline), n (%) 62 (22.79) 39 (26.71) 23 (18.25) 0.097
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Complication/outcome
Length of hospital stay, days (median
[IQR]) 11.5 [9-15] 12 [10-16] 11 [8-14] 0.042
Follow up period, days (median [IQR]) 2568 [330.5-2579] 2579[2572-2584] 187.5 [12-1086] <0.0001
AKI, n (%) 12 (4.41) 5(3.42) 7 (5.56) 0.393
Type of stroke, n (%) 0.965
AIS 118 (43.48) 63 (43.15) 55 (43.65)
"""""" ICH |04 | 7834 | 66(238) |
"""""" saH  |woee) |s564 |56, |
Type of death, n (%) <0.0001
Early 44 (16.18) 0 (0.00) 44 (34.92)
""""" Late G30days) | 820045 0000 | 82508 |

CKD, chronic kidney disease; ALT, alanine aminotransferase; APTT, activated partial thrombin time; AST, aspartate transaminase;

INR, international normalized ratio; PTI, prothrombin index; PTT, prothrombin time; ESR, erythrocyte sedimentation rate; AKI,

acute kidney injury; AlS, acute ischemic stroke; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage.

The mean age of the cohort was 62.1 + 13.61 years,
with non-survivors being older on average (66.1 + 12.87)
compared to survivors (58.6 + 13.31). This difference is
visualized in Supplementary figure 1. The gender dis-
tribution was 48.9% male and 51.1% female, with no sig-
nificant difference between groups (p = 0.38). In terms
of ethnicity, 53.68% were Kazakh, 27.57% Russian, and
18.75% other ethnicities, with a significant difference in
mortality between these groups (p < 0.0001). Kazakhs
were more likely to survive (62.33% survived), the op-
posite is true for Russians (33.3% survived), while
among other ethnicities, there were a little bit more sur-
vivors than diseased patients (58.8% survived). For la-
boratory indicators, deceased patients had a lower
mean hemoglobin (132.58 g/l vs. 139.04 g/l), a lower
mean prothrombin index (89.22% vs. 94.29%), and a
higher median urea level (6.37 mmol/l vs. 5.8 mmol/l)
compared to survivors. Depiction of these differences
can be found in Supplementary figures 2-3. Concerning
drugs, deceased patients had a higher administration of
dopamine (11 vs. 3) and a lower administration of frax-
iparine (4 vs. 15).

Median length of hospitalization was 11.5 days, and
survived patients stayed in the hospital for a longer
time than non-survivors. The majority of patients
(52.94%) were diagnosed with intracerebral hemor-

rhage, 43.48% of cases accounted for acute ischemic

stroke, while subarachnoid hemorrhage accounted for
the remaining 3.68%. Early death was less common
among deceased patients, accounting for 34.92% of
cases.

The univariate logistic regression was used to
characterize associations between clinical-demographic
parameters and death risk, and is summarized in Table
2. Each increase by 5 years of age resulted in a 26%
higher risk of death (Odds Ratio — OR 1.26; 95%
Confidence Interval — CI 1.14-1.40; p-value (p) < 0.0001).
People of Russian ethnicity had almost 3-fold greater
odds of death (OR 2.86; 95% CI 1.37-5.96; p = 0.005)
compared to other nationalities (not Russian, nor
Kazakh). Each incremental decrease by 10 g/l of
hemoglobin is associated with a 15% higher risk of
death (OR 1.15; 95% CI 1.01-1.31; p = 0.031). Each
decrease of PTI by 10% increased odds of death by 37%
(OR 1.37; 95% CI11.01-1.84; p = 0.043). Urea showed a 2-
fold increase in death odds with each elevation by 5
mmol/l (OR 2.01; 95% CI 1.25-3.23; p = 0.004).
Administration of dopamine demonstrated a 4.5-fold
increase in odds of death (OR 4.56; 95% CI 1.24-16.73; p
= 0.022). Application of fraxiparine resulted in 71%
lower risk of fatal outcome (OR 0.29; 95% CI 0.09-0.89;
p = 0.030). Increase of follow-up period is connected to
9% lower odds of death (OR 0.91; 95% CI 0.86-0.96; p =
0.001).
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Table 2. The association between demographics, medication, laboratory related parameters, and risk of all-cause

mortality using univariate logistic regression models.

Characteristic Number of observations / Number of events Univariate OR (95% CI) p-value
Age 272 /126 1.05 (1.03-1.07) <0.0001
Age +5 272 /126 1.26 (1.14-1.40) <0.0001
Gender (female ref.)
Male 133/ 58 0.81 (0.50-1.30) 0.380
Ethnicity (other ref.)
Kazakh 146 / 55 0.86 (0.45-1.66) 0.658
o Russian | 50 ] 286(137-59%) | 0005
Serum creatinine 189 /89 1.00 (1.00-1.01) 0.107
ALT 154 /75 0.99 (0.97-1.01) 0.258
aPTT 146 / 66 0.998 (0.98-1.02) 0.871
AST 146 /70 0.99 (0.98-1.01) 0.336
Total bilirubin 183 /82 0.997 (0.97-1.02) 0.835
Fibrinogen 145/ 62 1.21 (0.97-1.49) 0.088
Hemoglobin 216 /95 0.99 (0.97-1.00) 0.031
“Hemoglobin-5 | 26095 | 107 (101115 |
“Hemoglobin-10 | R RECEE T
Hematocrit 115/58 0.98 (0.93-1.02) 0.280
Leukocytes 216 /95 1.02 (0.95-1.09) 0.570
INR 148 / 62 3.80 (0.62-23.39) 0.150
Potassium 87 /40 0.81 (0.49-1.35) 0.420
Blood protein 153 /68 0.99 (0.99-1.02) 0.472
PTI 134/ 64 0.97 (0.94-1.00) 0.043
eI | ey 117001136 |
prIc0 | ey 137001188 |
PTT 105/ 44 1.00 (0.97-1.03) 0.882
Sodium 81/37 1.01 (0.95-1.07) 0.769
ESR 181 /82 1.01 (0.99-1.03) 0.335
Blood sugar 208 /93 1.05 (0.98-1.11) 0.175
Urine protein 192/84 2.14 (0.57-7.95) 0.257
Urea 186/ 85 1.15 (1.05-1.26) 0.004
Ureas | s6/85 | 201(125323) |
Dexamethasone 272 /126 1.09 (0.49-2.40) 0.841
Dopamine 272 /126 4.56 (1.24-16.73) 0.022
Magnesium sulfate 272 /126 0.80 (0.49-1.29) 0.351
Fraxiparine 272 /126 0.29 (0.09-0.89) 0.030
Actovegin 272 /126 1.10 (0.69-1.78) 0.682
Cerebrolysin 272 /126 0.77 (0.36-1.63) 0.492
Vinposan 272 /126 1.16 (0.66-2.05) 0.612
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Piracetam 272 /126 1.55 (0.96-2.51) 0.073
Strocit 272 /126 0.61 (0.34-1.10) 0.099
Length of hospital stay | 272 /126 0.96 (0.93-1.00) 0.070
Follow-up period 272 /126 0.91 (0.86-0.96) 0.001
AKI 272 /126 1.66 (0.51-5.36) 0.398
Stroke type (AIS ref.)

ICH 144 / 66 0.97 (0.60-1.58) 0.900

S saH | ws 115032417 | 087

Captopril and diazepam were omitted due to collinearity. CKD, chronic kidney disease; ALT, alanine aminotransferase; APTT,

activated partial thrombin time; AST, aspartate transaminase; INR, international normalized ratio; PTI, prothrombin index; PTT,

prothrombin time; ESR, erythrocyte sedimentation rate; AKI, acute kidney injury; AIS, acute ischemic stroke; ICH, intracerebral

hemorrhage; SAH, subarachnoid hemorrhage.

Adjustment using different models is depicted in
Table 3. Age (OR 1.04; 95% CI 1.01-1.08; p = 0.023), he-

moglobin level (OR 0.97; 95% CI 0.94-0.99; p = 0.008),

and administration of piracetam (OR 3.17; 95% CI 1.20-
8.41; p = 0.020). Dopamine showed collinearity.

Table 3. The association between demographics, medication, laboratory-related parameters, and risk of all-cause

mortality using multivariate logistic regression models.

Covariates Model 1 OR (95% CI) | p-value Model 2 OR (95% CI) | p-value | Model 3 OR (95% CI) | p-value
Age 1.04 (1.02-1.06) <0.0001 1.04 (1.01-1.08) 0.017 1.04 (1.01-1.08) 0.023
Gender (female ref.) | 0.99 (0.59-1.65) 0.958 1.16 (0.50-2.73) 0.726 1.07 (0.42-2.74) 0.891
Ethnicity (other ref.)

Kazakh 1.07 (0.54-2.10) 0.854 1.57 (0.54-4.55) 0.405 1.99 (0.61-6.44) 0.253

© Russian | 273(128-581) | 0009 |405(1181386) | 0026 |279(074105) | 0129

Hemoglobin - - 0.97 (0.95-0.99) 0.011 | 0.97 (0.94-0.99) 0.008
PTI - - 0.98 (0.95-1.01) 0.216 0.98 (0.94-1.01) 0.249
Urea - - 1.08 (0.97-1.20) 0.171 1.10 (0.96-1.27) 0.163
Dopamine - - - 1 -
Fraxiparine - - - 0.20 (0.03-1.28) 0.088
Piracetam - - - 3.17 (1.20-8.41) 0.020
Strocit - - - 0.38 (0.11-1.28) 0.119

Dopamine was omitted due to collinearity. INR, international normalized ratio; PTI, prothrombin index.

Table 4 illustrates the same adjusted models after
multiple imputation was performed. Age (OR 1.04;
95% CI1.02-1.07; p = 0.001) and hemoglobin level (OR
0.98; 95% CI10.96-1.00; p = 0.045) remained independent
predictors of mortality. Moreover, other parameters
became significant predictors. Namely, Russian

ethnicity (OR 2.84; 95% CI 1.19-6.79; p = 0.019) as well
as PTI (OR 0.97; 95% CI 0.94-1.00; p = 0.043), and ad-
ministration of dopamine (OR 5.23; 95% CI 1.06-25.74;
p = 0.042). At the same time, piracetam was no longer
significant in the model.
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Table 4. The association between demographics, medication, laboratory-related parameters, and risk of all-
cause mortality using multivariate logistic regression models with multiple imputation.

Covariates Model 1 OR (95% CI) | p-value Model 2 OR (95% CI) | p-value | Model 3 OR (95% CI) | p-value
Age 1.04 (1.02-1.06) <0.0001 | 1.04 (1.02-1.07) 0.001 1.04 (1.02-1.07) 0.001
Gender (female ref.) | 0.99 (0.59-1.65) 0.958 1.21 (0.66-2.21) 0.541 1.16 (0.63-2.14) 0.637
Ethnicity (other ref.)
. Kazakh | 107(054210) | 0854 | 101(047215) | 0.986 | 099(0452.15) | 0977
Russian 2.73 (1.28-5.81) 0.009 2.90 (1.23-6.83) 0.015 | 2.84(1.19-6.79) 0.019
Hemoglobin - - 0.98 (0.97-1.00) 0.047 | 0.98 (0.96-1.00) 0.045
PTI - - 0.97 (0.94-1.00) 0.041 | 0.97 (0.94-1.00) 0.043
Urea - - 1.09 (0.99-1.20) 0.065 | 1.09 (0.98-1.21) 0.104
Dopamine - - - 5.23 (1.06-25.74) 0.042
Fraxiparine - - - 0.25 (0.07-1.01) 0.052
Piracetam - - - 1.67 (0.94-2.97) 0.082
Strocit - . - 0.83 (0.41-1.68) 0.600

INR, international normalized ratio; PTI, prothrombin index.

Discussion

Our results suggest that patients” age is connected to
an elevation of odds of death in all regressions used.
This result aligns with the findings of the source study
[6]. Higher incidence of complications and higher mean
number of chronic conditions in older people are possi-
ble explanations for this outcome [14].

Unadjusted logistic regression and adjusted model
after imputation show that people of russian ethnicity
have a substantially higher risk of death compared to
Kazakhs and people of other ethnicities. Similar results
are demonstrated in the source study [6], however odds
ratio in our work is much higher. In our study, this dis-
crepancy can potentially be attributed to age differences
between these groups. After performing Student’s t-test
(Supplementary table 2), we found out that in this study
Russian population was older on average than the Ka-
zakh (66.9 vs. 58.8; t =4.33; p =< 0.0001). Unfortunately,
there are no appropriate studies we could find. Further-
more, our cohort has significantly more Kazakh popu-
lation, and this ethnic disbalance is a limitation to this
outcome.

We found that a higher blood urea level is a predic-
tor of mortality in our unadjusted logistic regression.
Previous studies mainly focused on blood urea nitrogen
(BUN) or the BUN to creatinine ratio [9,10]. BUN is a

component of urea that we have in our study, thus,

these measurements are equivalent [15]. In case of our
cohort, higher blood urea level is connected to higher
odds of death, which aligns with findings of the afore-
mentioned studies. This could be explained by the fact
that high blood urea level is a crucial indicator of kid-
ney damage. Therefore, patients with higher levels of
urea in their blood were likely to have renal dysfunc-
tion, which would substantially increase the risk of
death [16].

In previous research, it was found that higher ad-
mission levels of hemoglobin increased the odds of
stroke patients’ survival [11]. Our results support this
claim, since lower levels of hemoglobin showed higher
odds of fatality in all analyses. Anemia (low hemoglo-
bin) was found to be associated with mortality in stroke
patients in the research by Desai et al. (2023) [17]. On
top of that, lower hemoglobin is an indicator of iron de-
ficiency, which also contributes to higher odds of stroke
mortality [18]. The possible explanations for this are a
lowered ability of blood to supply organs, including the
brain, with oxygen, which could reduce the chances of
patients’ survival during ischemic stroke [19].

Prothrombin index (PTI) is a mathematical ratio of
reference thrombin time and a patient’s thrombin time
multiplied by 100% [20]. It is an indicator of coagula-
tion, and a lower PTI value constitutes lower coagula-
tion. This research suggests that lower PTl is a predictor

of stroke mortality both in unadjusted and imputed
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multivariate logistic regressions. This claim is backed
up by previous research on anticoagulants’ property to
increase the odds of death in cerebral hemorrhage [21].
The majority of our cohort consisted of patients with in-
tracerebral hemorrhage, and a lower ability of blood to
coagulate would make this condition more severe due
to higher volumes of blood entering the intracerebral
space. This is a possible explanation of PTTI's signifi-
cance as a parameter of unadjusted regression in this
study.

This research identified that administration of dopa-
mine was a significant indicator of a higher risk of death
in unadjusted logistic regression and adjusted regres-
sion after imputation, although the 95% confidence in-
terval (CI) is very large. Dopamine is used as a periph-
eral vasostimulant. Low infusion rates (0.5-2
pg/kg/min) promote visceral vasodilation and can be
used during renal failure to increase urinary flow. In-
termediate infusion rates (2-10 ug/kg/min) elevate car-
diac output via stimulation of electrical conductivity
and myocardial contractility. Higher doses cause vas-
oconstriction and increased blood pressure [22]. We
were unable to find high-quality studies regarding do-
pamine in stroke patients, however, the information we
obtained suggests that dopamine is often used in criti-
cal care, where patients have lower chances of survival.
This is the most probable explanation of the results in
our study; however, it could also be due to chance, tak-
ing into consideration the large 95% CI.

Another parameter that was significant in the uni-
variate regression is the administration of fraxiparine.
Fraxiparine (nadroparin) is an anticoagulant sometimes
used post-stroke for prophylaxis of deep vein throm-
bosis (DVT) [23]. Thus, fraxiparine was often adminis-
tered to surviving patients to prevent complications,
which could explain the lower odds of death.

Piracetam turned out to be a significant predictor of
stroke mortality only in adjusted logistic regression but
lost its significance after imputation. Manufacturers
claim that this nootropic drug has neuroprotective
properties and can ease cognitive recovery after stroke,
although existing literature does not provide sufficient
evidence regarding the effect of piracetam on stroke re-
habilitation [24]. The large 95% CI in adjusted

regression suggests that this result could appear due to
chance.

This study is primarily limited by a small sample
size, which has caused imbalances in ethnic, gender,
and stroke type representation in our cohort. Further-
more, the manual evaluation of extracted data could
have suffered from inconsistencies in parameter names
and units of measurement. Another limitation arises
from laboratory results, including a lot of missing val-
ues, although we addressed it using multiple imputa-
tion. Moreover, the source study by Zhakhina, et al.
(2022) included various surgery procedures and several
comorbidities, unfortunately, we were not able to
match these parameters with our cohort due to the ina-
bility to quickly retrieve these data and time constraints
[6]. Finally, as time-to-death data were available, we at-
tempted to perform a survival analysis. However, after
adjustment for relevant covariates, the results were not
statistically significant and, therefore, were not in-
cluded in the main text. The corresponding results are
presented in Supplementary Tables 3—4, and the
Kaplan-Meier survival curves are shown in Supple-
mentary Figures 4-6.

Despite the aforementioned limitations, this is one
of the few studies that examines post-stroke risk factors.
In contrast, pre-stroke risk factors have been exten-
sively studied. For example, O'Donnell et al. (2016)
identified ten modifiable risk factors (such as hyperten-
sion, physical inactivity, poor diet, and smoking) that
collectively account for approximately 90% of all
strokes worldwide [25]. Incorporating clinical post-
stroke factors has the potential to enhance the accuracy

of risk assessment in stroke patients.
Conclusion

In conclusion, this research retrospectively assessed
records of 272 stroke patients utilizing Al-assisted data
extraction and data from the previous study [6] to un-
derstand how laboratory and medication variables are
associated with mortality. Age and hemoglobin level
were the only significant predictors of mortality in the
adjusted logistic regression. PTI and Dopamine admin-

istration also became significant after multiple
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imputation, although Dopamine was likely adminis-
tered to critical patients. These findings have the poten-
tial to become important for stroke prognosis and risk
assessment in the future. Future research with a bigger
population is required to expand understanding of the

subject.
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