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Abstract

Aim: To examine all-cause mortality predictors among lab indicators and drugs administered

to stroke patients in Kazakhstan.

Materials and methods: This retrospective study analyzed data from 272 patient records
derived from the UNEHS database (2014-2019). Stroke patients were identified using ICD
codes; the GPT-40 model was trained 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]
using RPN IDs. Statistical analyses included univariate, multivariate, 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 potentially

decrease the burden on the Kazakhstani population.

Keywords: Stroke, retrospective cohort study, all-cause mortality, Al-assisted data extraction,

predictors of mortality, laboratory data, medication data, 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
excluding other causes" [3]. As projected by the Global Burden of Disease (2024), in 2021, a
stroke crude incidence 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 million,
intracerebral hemorrhage for 16.60 million, and subarachnoid hemorrhage for 7.85 million cases.
Looking 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 population (PMP) [6].

Early prediction of stroke outcome can help healthcare workers prioritize high-risk patients,
optimize treatment regimens, and make better use of resources. This will improve the prognosis
of patients, 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.

Cohen et al. (2015) analyzed lab results of 5,886 acute ischemic stroke patients and reported
that admission hemoglobin and sodium values independently increased the probability of
patients’ successful home discharge [7].

In another study, Carter et al. (2007) investigated predictive variables of all-cause mortality

(>30 days after acute event) of acute ischemic stroke patients. The researchers included multiple



variables, including hemostatic as well as biochemical and hematologic variables. Among
biochemical variables, lower levels of albumin and elevated levels of creatinine predicted all-
cause mortality, whereas among hemostatic variables, higher levels of vWF and BTG were
associated with a greater risk of long-term death [§].

Another promising indicator is a neutrophil lymphocyte ratio. Gokhan et al. (2013) enrolled
654 patients with acute ischemic stroke and deduced that the group of deceased patients had a
significantly higher neutrophil lymphocyte ratios than the surviving group [9]. Moreover, the
researchers found that dead patients had a higher mean neutrophil count than surviving patients
[9].

Zhao et al. (2021) examined red blood cell distribution width-albumin ratio (RA) values. The
researchers found that higher red blood cell distribution width, lower albumin, and consequently
their higher ratio were all independent predictors of stroke patients’ mortality [10]. Furthermore,
results of this study indicate that several other variables affected RA values and could also
potentially be predictors of stroke mortality. Specifically, higher creatinine, lower hematocrit,
lower platelet counts, higher international normalized ratio, higher prothrombin time, higher
blood urea nitrogen, and higher white blood cell counts all increased the RA values [10].
Although platelet counts did not have a significant p-value in this study, it still should not be
ignored.

Additionally, data from retrospective research by Perlstein et al. (2008) suggests that the level
of total bilirubin in serum can also show predictive properties with regard to stroke prevalence
and outcomes [11]. Specifically, higher serum total bilirubin was associated with a 10% lower
probability of adverse outcomes in stroke patients and 9% lower probability of stroke occurrence
among all patients [11].

Lastly, Bruno et al. (2002) conducted a study on the impact of admission glucose levels on
outcomes of 624 acute ischemic stroke patients [12]. The results suggest that higher blood sugar

levels were linked with poorer 3-month outcomes in acute ischemic stroke patients [12].



The majority of the studies listed are biased toward Western populations, therefore, it is
important to contribute to global health equality by conducting similar studies on an
underrepresented population of Kazakhstan. Unique demographic and genetic factors could
influence the results and expand our understanding of the matter. For that reason, this study aims
to examine all-cause mortality predictors found in lab indicators of stroke patients in
Kazakhstan. By design, this is a retrospective study that utilizes anonymized data from patients’
hospital discharge records derived from the Unified Electronic Healthcare System of
Kazakhstan, dated between 2014 and 2019. An AI model was trained and used for data extraction
from the records.

This study aims examine all-cause mortality predictors among lab indicators and drugs
administered to stroke patients in Kazakhstan. We hypothesize that independent predictors of

stroke mortality can be found in patients’ laboratory and medication data.



Materials and methods

Study design

This research is retrospective by design because it encompasses patients’ hospital records
obtained from the Unified National Electronic Health System (UNEHS) during the years 2014-
2019. Stroke events were identified using ICD codes and demographic data were analyzed by the
authors of the original study [6]. The original medical records had personal information of a
patient, hospital, and a physician, status, anamnesis, diagnosis, and outcome of a patient. The
results of the laboratory tests and both outpatient and in-hospital drug treatment were present.
The 272 medical records were analyzed for the laboratory indicators’ values and use of drug
treatment, including substances, specifically used for the treatment of stroke. The study omitted

any personal data.

Data extraction

The utilization of electronic medical records was accomplished with the assistance of the
OpenAl GPT40 model in the range of the Grant Program of “Faculty Development Competitive
Research (Al and Data Science) 2024-2026”. In the scope of this paper, we first trained the Al
model to correctly section patients’ hospital records. As it can be seen from the Figure 1, to
achieve that, we manually annotated roughly 2300 records and divided them in following
sections: complaints, anamnesis, status, doctor’s visits, lab, instrumental tests, drugs in hospital,
procedures in hospital, diagnosis, prescription, recommendation, and outcome. The interface

used for that purpose is depicted in Figure 2.

Figure 1
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The interface of the annotator for sectioning of the records
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Based on that, the Al model was trained using Large Language Model (LLM) learning. In the
next step, we used the trained model to extract drug and lab data and manually verified all the
values. The interface used for drug data extraction is shown in Figure 3. As a result, we were
able to obtain laboratory and medication data for 272 patients.

Figure 3

The interface of the training model for the extraction of drug treatment data
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The data for 272 were then merged with a big dataset from the original study, using RPN IDs
[6]. This was done to address the limitation of the aforementioned study, which is the absence of

data on laboratory tests and drug treatment of patients in the analysis.

Ethical statement

Nazarbayev University IREC granted approval to the studies involving human subjects (NU-
IREC 490/18112021). The research did not violate any institutional requirements or legal
legislations. The requirement for informed consent was waived since the study is retrospective
and utilizes depersonalized data. All personal data including names of patients, doctors,
hospitals, and cities were deleted using the Al model and were never included in the database,

nor mentioned in the report.

Demographic characteristics

Unique patient entries consisted of gender, date of birth, ethnicity, living area (urban, rural),

type of admission, and death date if they were applicable.

Medical characteristics



Types of stroke (AIS, ICH, SAH), comorbidities, follow-up period, length of hospital stay,
acute kidney injury (AKI), all-cause, and in-hospital mortalities were also present where
applicable. The comorbidities included diabetes and hypertension. AKI was determined using the
difference of more than 26 pmol/l between first and second creatinine measurements, where
applicable, in accordance with the National Kidney Foundation [13]. The death during the
hospitalization period was categorized as in-hospital mortality, while deaths during the whole

observation period were accounted for as all-cause mortality.

Drug treatment

From the extracted data with Al, overall 173 unique drugs were identified. The 273 medical
records were categorized for the use of a list of 11 drugs used in the stroke treatment, using a
binary system (yes/ no). The 11 drugs: captopril, diazepam, dexamethasone, dopamine,
magnesium sulphate, fraxiparin, actovegin, cerebrolysin, vinposan, piracetam, strocitus were
chosen on the basis of clinical protocol of Ministry of Health and Social Development of the
Republic of Kazakhstan dated July 13, 2016, Protocol No. 7 with the code I 64 - stroke, not

specified as hemorrhage or infarction.

Laboratory tests

Laboratory indicators included are: 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 transaminase (AST), prothrombin time (PTT), activated partial thrombin time (APTT),
international normalized ratio (INR), and prothrombin index (PTI). AI was used to isolate
sections with lab results from the medical records, while the extraction and processing of

numeric data from these sections was done manually.

Statistical analysis
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Descriptive data are depicted as percentages for categorical variables and as mean =+ standard
deviation (SD) in case of normal distribution or median (interquartile range—IQR) in other
cases. All subjects were divided into survivors and deceased. y2 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 association between demographics, laboratory data,
medication data, and risk of all-cause mortality was examined using unadjusted (univariate) and
adjusted (multivariate) 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 Strocit to the model 1; Model 3: added fibrinogen,
hemoglobin, INR, PTI, blood sugar, and urea to the model 2. Subsequent logistic regression with

multiple imputation was done as a sensitivity analysis to account for missing values.

All P values displayed are two-sided with level of significance set at <0.05 for all analyses.

All analyses were conducted using STATA 16.1 (College Station, TX).
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A total of 272 patients were included in the analysis. Among them, 126 (46.3%) died, and 146

(53.7%) survived during the follow-up period. The baseline demographic and clinical

characteristics are shown in Table 1.

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

Male 133 (48.90) 75 (51.37) 58 (46.03)

Female 139 (51.10) 71 (48.63) 68 (53.97)
Ethnicity, n (%) <0.0001

Kazakh 146 (53.68) 91 (62.33) 55 (43.65)

Russian 75 (27.57) 25 (17.12) 50 (39.68)

Other 51 (18.75) 30 (20.55) 21 (16.67)
Laboratory findings at admission
Serum creatinine, pmol/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/l (mean = SD) 136.19+21.57 139.04+19.46 132.58423.61 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 3.9940.80 0.423
Blood protein, g/l (mean + SD) 67.95+10.81 68.48+10.26 67.28+10.13 0.472
PTI, % (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
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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
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) 5342 7 (5.56) 0.393
Type of stroke, n (%) 0.965

AIS 118 (43.48) 63 (43.15) 55 (43.65)

ICH 144 (52.94) 78 (53.42) 66 (52.38)

SAH 10 (3.68) 5(3.42) 53.97)
Type of death, n (%) <0.0001

Early 44 (16.18) 0 (0.00) 44 (34.92)

Late (>30 days) 82 (30.15) 0 (0.00) 82 (65.08)

CKD, chronic kidney disease; ALT, alanine aminotransferase;

subarachnoid hemorrhage.

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,

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). The gender distribution was 48.9%
male and 51.1% female, with no significant difference between groups (p = 0.38). In terms of
ethnicity, 53.68% were Kazakh, 27.57% Russian, and 18.75% other ethnicities, with significant
difference in mortality between these groups (p < 0.0001). Kazakhs were more likely to survive
(62.33% survived), the opposite is true for Russians (33.3% survived), while among other
ethnicities there are a little bit more survived than diseased patients (58.8% survived). For
laboratory indicators deceased patients had a lower mean hemoglobin, lower mean prothrombin
index, and higher median urea level compared to survivors. With regard to drugs, deceased

patients had a higher administration of dopamine and lower administration of fraxiparine.

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

intracerebral hemorrhage, 43.48% of cases accounted for acute ischemic stroke, while
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subarachnoid hemorrhage accounted for remaining 3.68%. Early death was less common among

deceased patients accounting for 34.92% of cases.

Association between demographic and clinical data with survival

The univariate logistic regression was used to characterize associations between clinical-
demographic parameters and death risk is summarized in Table 2. Each increase by 5 years of
age resulted in 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 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% CI 1.01-1.84; p = 0.043). Urea showed 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 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).

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
Russian 75750 2.86 (1.37-5.96) 0.005
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
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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 -5 216/95 1.07 (1.01-1.15)
Hemoglobin -10 216/95 1.15 (1.01-1.31)
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
PTI -5 134/ 64 1.17 (1.01-1.36)
PTI-10 134/ 64 1.37 (1.01-1.84)
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
Urea +5 186/ 85 2.01 (1.25-3.23)
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
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

SAH 10/5 1.15(0.32-4.17) 0.837

Captopril and diazepam 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), hemoglobin 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

of all-cause mortality using multivariate logistic regression models.
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The association between demographics, medication, laboratory related parameters and risk

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 2.73 (1.28-5.81) 0.009 | 4.05(1.18-13.86) 0.026 | 2.79 (0.74-10.52) 0.129
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 omitted due to collinearity. INR, international normalized ratio; PTI, prothrombin index.

Table 4 illustrates the same adjusted models after multiple imputation were performed. Age

(OR 1.04; 95% CI 1.02-1.07; p = 0.001) and hemoglobin level (OR 0.98; 95% CI 0.96-1.00; 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 administration 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.

Table 4

of all-cause mortality using multivariate logistic regression models with multiple imputation.

The association between demographics, medication, laboratory related parameters and risk

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 1.07 (0.54-2.10) 0.854 | 1.01(0.47-2.15) 0.986 | 0.99 (0.45-2.15) 0.977

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.
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Discussion

Our results suggest that patient’s age is connected to elevation of odds of death in all
regressions used. This result aligns with findings of the previous study [6]. Higher incidence of
complications and higher mean number of chronic conditions in older people are possible
explanations to 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 original study [6], however odds ratio in
our work is much higher. This discrepancy can potentially be attributed to some cultural or
genetic differences. Maybe people of Russian descent do not check their health as much as
others and therefore have more serious and numerous comorbidities. On top of that, after
performing Student’s t-test we found out that in this study Russian population was older on
average than Kazakh (66.9 vs. 58.8; t =4.33; p =< 0.0001). Unfortunately, there are no
appropriate studies we could find. Furthermore, our cohort has significantly more Kazakh
population, and this ethnical disbalance is a limitation to this outcome.

We found that a higher blood urea level is a predictor of mortality in our unadjusted logistic
regression. Previous studies mainly focused on blood urea nitrogen (BUN) or the BUN to
creatinine ratio [15,16]. BUN is a component of urea that we have in our study, thus, these
measurements are equivalent [17]. In case of our cohort, higher blood urea level is connected to
higher odds of death, which aligns with findings of the aforementioned studies. This could be
explained by the fact that high blood urea level is a crucial indicator of kidney damage.
Therefore, patients with higher levels of urea in their blood were likely to have renal
dysfunction, which would substantially increase the risk of death [18].

In previous research, it was found that higher admission levels of hemoglobin increased the
odds of stroke patients’ survival [7]. Our results support this claim, since lower levels of

hemoglobin showed higher odds of fatality in all analyses. Anemia (low hemoglobin) was found
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to be associated with mortality in stroke patients in the research by Desai et al. [19]. On top of
that, lower hemoglobin is an indicator of iron deficiency, which also contributes to higher odds
of stroke mortality [20]. The possible explanations for that is a lowered ability of blood to supply
organs, including the brain, with oxygen, which could reduce the chances of patients’ survival
during ischemic stroke.

Prothrombin index (PTI) is a mathematical ratio of reference thrombin time and a patient’s
thrombin time multiplied by 100% [21]. It is an indicator of coagulation, and a lower PTI value
constitutes lower coagulation. This research suggests that lower PTI is a predictor of stroke
mortality both in unadjusted and imputed multivariate logistic regressions. This claim is backed
up by previous research on anticoagulants’ property to increase the odds of death in cerebral
hemorrhage [22]. The majority of our cohort consisted of patients with intracerebral 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 PTI
significance as a parameter of unadjusted regression in this study.

This research identified that administration of dopamine was a significant indicator of a
higher risk of death in unadjusted logistic regression and adjusted regression after imputation,
although the 95% confidence interval (CI) is very large. Dopamine is used as a peripheral
vasostimulant. Low infusion rates (0.5-2 pg/kg/min) promote visceral vasodilation and can be
used during renal failure to increase urinary flow. Intermediate infusion rates (2-10 pg/kg/min)
elevate cardiac output via stimulation of electrical conductivity and myocardial
contractility. Higher doses cause vasoconstriction and increased blood pressure [23].
Consequently, dopamine is often used in critical 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, taking into consideration the large 95% CI.

Another parameter that was significant in the univariate regression is administration of

fraxiparine. Fraxiparine (nadroparin) is an anticoagulant sometimes used post-stroke for
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prophylaxis of deep vein thrombosis (DVT) [24]. Thus, fraxiparine was often administered 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
rehabilitation [25]. 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. Furthermore, the OpenAl model used for
data extraction may have made errors, and 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 values, although we addressed it using
multiple imputation. Finally, the original study by Gulnur 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 inability to quickly retrieve these data and time

constraints.
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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 understand how laboratory
and medication variables are associated with mortality. Age and hemoglobin level were only
significant predictors of mortality in the adjusted logistic regression, although PTI also became
significant after multiple imputation. These findings have the potential 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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