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ABSTRACT

Coronary artery disease is one of the leading causes of mortality
worldwide, and coronary artery bypass grafting (CABG) is recognized as the standard
treatment for patients with multivessel disease. Accurate prediction of postoperative
outcomes in these patients is clinically important. In this study, we investigated a novel
machine learning and deep learning framework that integrates multimodal data- including
coronary angiography images, two-stage blood test results, and clinical variables- to predict
postoperative survival and key biochemical outcomes (blood urea nitrogen [BUN], serum
glutamic-oxaloacetic transaminase [SGOT], and serum glutamic-pyruvic transaminase

SGPT])).
SN SERERVYEilE The dataset comprised 152 patients who underwent CABG at two

tertiary cardiac centers in Ahvaz over four years. Deep features were extracted from coronary
angiography images using a ResNet-18 architecture and combined with biomarker and
clinical data within machine learning pipelines. To reduce dimensionality and improve
generalizability, feature selection techniques- including SelectkBest, SelectFromModel with
Random Forest, Lasso, and ExtraTrees- were applied, along with a range of classifiers such
as logistic regression, support vector classifier (SVC), k-nearest neighbors, XGBoost,
LightGBM, and ensemble methods. Model performance was evaluated using five-fold cross-
validation, an independent test set, and standard metrics including accuracy, precision, recall,
F1-score, and AUC.
The results demonstrated that Lasso-based approaches, particularly when combined
) with logistic regression and SVC, performed best, yielding a cross-validated accuracy of
A 97.14% for survival prediction and 93.33%, 93.33%, and 99.05% for BUN, SGOT, and

Accepted: 24 April 2026 SGPT, respectively.
Comparisons with conventional models indicated that multimodal data

integration substantially improves predictive accuracy.
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Introduction

ging is accompanied by metabolic

dysfunction, increased oxidative stress,

chronic low-grade inflammation, and reduced

efficiency of cellular repair pathways.

Together, these changes may impair neural
plasticity and weaken the mechanisms responsible for
neuronal survival and maintenance (1). They can also
increase the vulnerability of sensitive neural networks,
particularly the dopaminergic system. Dopaminergic
neurons are especially susceptible to mitochondrial
dysfunction and reactive oxygen species because of their
high metabolic demand. Therefore, identifying practical
and inexpensive interventions that promote a
neuroprotective environment is important for maintaining
neurological health in older adults (2, 3).
Neurotrophic factors play a central role in neural
homeostasis, neuronal survival, synaptogenesis, and
neuroplasticity. Nerve growth factor (NGF) binds to the
tropomyosin receptor kinase A (TrkA) and activates
signaling pathways such as PI3K/Akt and MAPK/ERK,
which contribute to cell survival, inhibition of apoptosis,
neuronal differentiation, and synaptic plasticity. NGF may
also bind to the p75 neurotrophin receptor, producing
survival-promoting or regulatory responses depending on
the cellular context (4-6). Glial cell line-derived
neurotrophic factor (GDNF) is particularly important for
the survival and function of dopaminergic neurons. It
primarily acts through the GFRal/RET receptor complex,
activating PI3K/Akt and Ras/MAPK signaling and
protecting dopaminergic neurons against oxidative stress
and mitochondrial dysfunction (7, 8).
Regular physical activity may increase neurotrophic
support by improving vascular function, regulating
metabolism, and activating the muscle-brain axis.
Exercise-induced muscle contractions stimulate the release
of myokines and peripheral signaling molecules that may
improve cerebral blood flow, oxygen delivery, and
neurotrophin-related gene expression (10-13). Moderate-
intensity interval training (MIIT) may be particularly
suitable for older adults because it is tolerable, practical,
and can produce physiological adaptations without
imposing excessive stress (14, 15).
Quercetin is a flavonoid with antioxidant and anti-
inflammatory properties. By activating Nrf2-related
pathways, reducing reactive oxygen species, and inhibiting
NF-«B signaling, quercetin may create a cellular
environment  that  facilitates NGF/TrkA and
GDNF/GFRol-RET signaling (18, 19). Therefore, MIIT
and quercetin may have complementary effects: exercise
may stimulate neurotrophic-factor production, while
quercetin may reduce oxidative and inflammatory barriers
to neurotrophic signaling. This study investigated the
effects of eight weeks of MIIT, quercetin supplementation,
and their combination on serum NGF and GDNF
concentrations in older men..
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Methods

Participants and Study Design

In this quasi-experimental study, 40 eligible older men
were recruited from 60 initial volunteers using purposive
convenience sampling. Sample size was calculated with
G*Power for analysis of covariance (ANCOVA) (effect size
=0.30, o= 0.05, power = 80%). Inclusion criteria were age
60-75 years, body mass index 18.5-29.9 kg/m?, general
good health, no chronic disease, no nervous-system-
affecting medication, less than 150 minutes of weekly
physical activity, and normal sleep. Exclusion criteria
included musculoskeletal injury, absence from >20% of
sessions, nonadherence, or withdrawal. Participants were
randomly assigned to four groups of 10 (MIIT, SUP, MIIT
+ SUP, control).

Measurements and Laboratory Procedures

Height and body mass were measured with a Seca 220
device. Blood was sampled 24 hours before the first session
and 48 hours after the last; strenuous activity was avoided 48
hours beforehand. Samples were drawn from an antecubital
vein (21-gauge), incubated for 30 minutes, and centrifuged
at 1500 x g for 10 minutes at 4°C. Serum was aliquoted and
stored at —80°C without repeated freeze—thaw cycles. NGF
and GDNF were measured in triplicate by sandwich ELISA
(absorbance 450 nm, reference 570 nm), quantified via four-
parameter logistic regression, and repeated if the intra-assay
CV exceeded 10%.

Training and Supplementation

MIIT was performed three times weekly for eight weeks
with warm-up/cool-down. Weeks 1-4: eight two-minute
intervals at 70-75% HRmax with two-minute recovery at
50%. Weeks 5-8: three-minute intervals at 75-80% HRmax.
Heart rate was monitored with Polar H10. Supplementation
groups consumed 500 mg quercetin daily after breakfast;
control received placebo. Diet was held constant and
assessed with three-day food records (Nutritionist 1V).

Statistical Analysis

Data were reported as mean + SD. Normality (Shapiro—
Wilk), variance homogeneity (Levene), and ANCOVA
assumptions were checked. One-way ANCOVA with
baseline covariates and Bonferroni post hoc tests were used
(SPSS version 26; P < 0.05).

Results

All 40 participants completed the study, with no between-
group differences in diet.

NGF differed significantly between groups (F = 46.36, P <
0.001). It rose ~14% in MIIT (142.18 — 162.25 pg/mL) and
~17% in MIT+SUP (145.52 — 170.81 pg/mL), both
significantly higher than SUP and control (P < 0.001). MIIT
vs. MIIT+SUP was not significant (P = 0.223), and quercetin
alone did not differ from control (P = 1.000P).

GDNF also differed significantly (F = 47.73, P < 0.001),
increasing ~15% in MIIT (5.23 — 6.03 pg/mL) and ~10% in
MIIT+SUP (5.12 — 5.34 pg/mL), with both training groups
exceeding SUP and control. Adding quercetin to MIIT gave
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no significant additional effect (P = 0.196), and
supplementation alone was not significant versus control
(P=0.50).

Discussion

The main finding was that eight weeks of MIIT
significantly increased serum NGF and GDNF in older men,
whereas 500 mg/day of quercetin alone did not significantly
affect either marker. Furthermore, combining quercetin with
MIIT provided no statistically significant advantage over
MIIT alone. These findings suggest that exercise was the
primary stimulus responsible for the observed neurotrophic
responses.

The increase in NGF may indicate enhanced systemic
support for neuronal survival, repair, and synaptic plasticity
through TrkA-mediated PI3K/Akt and MAPK/ERK
signaling. Similarly, increased GDNF may support
dopaminergic  neurons  because GDNF activates
GFRal/RET-dependent pathways involved in neuronal
survival and resistance to oxidative and mitochondrial stress
(7). However, because only serum concentrations were
assessed, these results should not be interpreted as direct
evidence of changes in brain tissue or dopaminergic neurons.

MIIT may have stimulated neurotrophic responses through
repeated activation of the muscle-brain axis. Muscle
contractions can promote myokine release, improve
endothelial function and cerebral perfusion, and activate
transcriptional pathways involved in neurotrophin synthesis
(38, 39). The alternating work-and-recovery pattern may
also provide an adequate metabolic and hemodynamic
stimulus while remaining tolerable for older adults (40).

Despite its antioxidant and anti-inflammatory properties,
quercetin did not enhance NGF or GDNF responses. This
may relate to the participants' relatively healthy status, the
eight-week intervention duration, the selected dose,
individual differences in quercetin bioavailability, or a
ceiling effect from exercise. Quercetin may also have
influenced oxidative or inflammatory processes that were
not measured and were therefore not reflected in serum
neurotrophic-factor concentrations.

The study was limited by its small sample, inclusion of
men only, short intervention duration, and absence of
oxidative-stress, inflammatory, cognitive, and motor-
function outcomes. Quercetin bioavailability was also not
measured.  Future studies should include longer
interventions, different quercetin doses, both sexes, and
simultaneous assessment of biological and functional
outcomes.

Conclusion

Eight weeks of MIIT significantly increased serum NGF
and GDNF concentrations in older men. Daily
supplementation with 500 mg of quercetin did not alter
these neurotrophic factors independently or enhance their
responses to training. MIIT may therefore be a practical,
inexpensive nonpharmacological intervention to improve
systemic neurotrophic support during aging. Nevertheless,
direct neuroprotective effects cannot be confirmed without
brain-specific measurements of cognition, motor function,
inflammation, and oxidative stress.
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LogisticRegression
(SelectKBest_f_classif)

RandomForest
(SelectKBest_f_classif)

GradientBoosting
(SelectKBest_f_classif)
svc
(SelectKBest_f_classif)
XGBoost
(SelectKBest_f_classif)
KNN
(SelectKBest_f_classif)

DecisionTree
(SelectKBest_f_classif)

htGBM
(SelectKBest_| f classlf)

LogisticRegression
(SelectKBest_mutual_info)

RandomForest
(SelectKBest_mutual_info)

GradientBoosting
(SelectKBest_mutual_info)
svc
(SelectKBest_mutual_info)

XGBoost
(SelectKBest_mutual_info)

DecisionTree
(SelectKBest_mutual_info)

LogisticRegression
(SelectFromModel_RF)

RandomForest
(SelectFromModel_RF)
GradientBoosting
3 (SelectFromModel_RF)
3
] XGBoost
— (SelectFromModel_RF)
_-2, KNN
3 (SelectFromModel_RF)
o
A DecisionTree

(SelectFromModel_RF)

(

LogisticRegression
(SelectFromModel_Lasso)

RandomForest
(SelectFromModel_Lasso)

GradientBoosting
(SelectFromModel_Lasso)
SV
(SelectFromModel_Lasso)
XGBoost
(SelectFromModel_Lasso)
KNN
(SelectFromModel_Lasso)

DecisionTree
(SelectFromModel_Lasso)

LightGBM
(SelectFromModel_Lasso)

LogisticRegression
(SelectFromModel_ExtraTrees)

RandomForest
(SelectFromModel_ExtraTrees)

GradientBoosting
(SelectFromModel_ExtraTrees)
svC
(SelectFromModel_ExtraTrees)
XGBoost
(SelectFromModel_ExtraTrees)
KNN
(SelectFromModel_ExtraTrees)

DecisionTree
(SelectFromModel_ExtraTrees)

LightGBM
(SelectFromModel_ExtraTrees)

56 CABG lyless 3 Jos jl

7811012

Test: 74.19 | Val: 73.33
78.1£0.08

Test: 67.74 | Val: 66.67
68.57 +

Test: 67.74 | Val 46.67
78.1£0.09

Test: 67.74 | Val: 73.33

.38 £ 0.
Test: 70.97 | Val: 66.67

3.33£0.11
Test: 67.74 | Val: 73.33

65.71 £ 0.09
Test: 61.29 | Val: 66.67
76.19 £0.07
Test: 70.97 | Val: 73.33
63.81£0.05
Test: 70.97 | Val: 40.0
72.38 £0.08
Test: 58.06 | Val: 60.0
.76 £ 0.

Test: 64.52 | Val: 46.67
65.71 £ 0.06
Test: 67.74 | Val: 46.67

Test: 61.29 | Val: 46.67

57.14%0.
Test: 51.61 | Val: 40.0 Test: 5442|Val 3636

Test: 70 97 | Val 66.67
7429%0.1

Test: 61.29 | Val: 53.33
7714 0.4

Test: 67.74 | Val: 66.67

71.43£0.09
Test: 67.74 | Val: 66.67

.81 £ 0.05
Test: 64.52 | Val: 66.67

70.48 £0.11
Test: 67.74 | Val: 73.33

93.33 £ 0.07
Test: 58.06 | Val: 60.0

77.14£0.07
Test: 70.97 | Val: 60.0

75.24 £ 0.06
Test: 74.19 | Val: 60.0

C 93.33£0.07
Test: 61.29 | Val: 60.0

+0.05
Test: 61.29 | Val: 73.33

85.7
Jest: 5906|Val 83.39
57.46
T“LH-ZGIV!I‘SD"

76.19 £ 0.03
Test: 67.74 | Val: 66.67

Test: 67.74 | Val: 46.67
Test: 74.19 | Val: 66.67
68.57+0.08
Test: 67.74 | Val: 73.33
73.33£0.04
Test: 67.74 | Val: 53.33

.57 £0.02
Test: 74.19 | Val: 66.67

+0.08
Test: 51.61 | Val: 53.33

62.86 £ 0.06
Test: 83.87 | Val: 66.67

74.29 £ 0.06
Test: 70.97 | Val: 60.0
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77.711£013
Test: 75.53 | Val: 72.22

80.17 + 0.09
Test: 65.98 | Val: 62.82

.65 £ 0.16
Test: 67.43 | Val: 38.89
78.53 £0.09
Test: 66.63 | Val: 73.33
70.8 £0.08
Test: 72.01 | Val: 62.82
.53 £ 0.

Test: 67.43 | Val: 73.33
63.97 £0.09
Test: 62.97 | Val: 65.15
75.63 £ 0.07
Test: 70.11 | Val: 72.22
50.88 £ 0.11

Test: 69.86 | Val: 42.59

.32£ 0.
Test: 53.12 | Val: 55.56

59.1540.13
Test: 62.62 | Val: 38.89

78.1£0.12
Test: 74.19 | Val: 73.33
78.10.08
Test: 67.74 | Val: 66.67
Test: 67.74 | Val: 46.67
78.1£0.09
Test: 67.74 | Val: 73.33
.38 £ 0.0
Test: 70.97 | Val: 66.67
.33 0.11
Test: 67.74 | Val: 73.33
.71 £ 0.09
Test: 61.29 | Val: 66.67
76.19 £ 0.07
Test: 70.97 | Val: 73.33
63.81£0.05
Test: 70.97 | Val: 40.0
72.38£0.08
Test: 58.06 | Val: 60.0

.76 + 0.0
Test: 64.52 | Val: 46.67

52.59%0.14 65.71 £0.06
Test: 66.63 | Val: 46.67 Test: 67.74 | Val: 46.67

67.17 £ 0.07
Test: 58.22 | Val: 38.89

Test: 12 01 | Val 65 15
71.84£0.13
Test: 61.29 | Val: 50.76
76.94 £ 0.09
Test: 66.63 | Val: 68.52

70.93+0.1
Test: 65.96 | Val: 62.82

.62+ 0.08
Test: 61.29 | Val: 46.67

57.14£012
Test: 51.61 | Val:

0.1
Test: 10 97 | Val: 66.67

74.29%0.1
Test: 61.29 | Val: 53.33
14 £ 0.
Test: 67.74 | Val: 66.67

71.43£0.09
Test: 67.74 | Val: 66.67

77.46£0.12
Test: 71.04 | Val: 71.21
76.13£0.08
Test: 65.62 | Val: 61.7
64.49+0.11
Test: 61.21 | Val: 42.42
77.78 £ 0.09
Test: 66.9 | Val: 73.33
69.71 £ 0.09
Test: 66.36 | Val: 61.7

.88£0.11
Test: 61.21 | Val: 73.33

63.32£0.08
Test: 61.88 | Val: 65.61
74.6 £0.07
Test: 68.31 | Val: 71.21
.34 £ 0.08
Test: 69.69 | Val: 41.15
.38 £ 0.
Test: 54.23 | Val: 56.82

59.96 £ 0.09
Test: 62.95 | Val: 42.42

Test: uo]v-l-urr
6516+ 0.0

Test: 58.75 | Val: 4242

0.1
Test: BG 36| Val 65.61

70.93£0.12
Test: 61.29 | Val: 51.85

76.19 £ 0.09
Test: 66.9 | Val: 67.3

7.93 £0.11
Test: 63.8 | Val: 61.7

51.34+0.12 63.81 £0.05 54,92 +0.08
Test: 60.01 | Val: 44.44 Test: 64.52 | Val: 66.67 Test: 55.49 | Val: 53.33

69.910.14

Test: 66.63 | Val: 72.22
3.4 £0.07

Test: 58.93 | Val: 64.29
77.56+0.12

Test: 69.86 | Val: 60.0

+0.07
Test: 73 73 | Val: 60.0

93.4+0.07

Test: 62.97 | Val: 64.29

.26 £ 0.
Test: 59.76 | Val: 73.33

76.21£0.03
Test: 67.74 | Val: 65.15

74.09 £ 0.05
Test: 74.09 | Val: 55.56

.03 0.
Test: 73.51 | Val: 62.82

66.73 £ 0.09
Test: 69.29 | Val: 72.22
72.79£0.03
Test: 69.29 | Val: 60.12
70.34 £ 0.05
Test: 75.6 | Val: 65.15

.45+ 0.13
Test: 50.58 | Val: 41.03

63.11£0.08
Test: MS‘IVtI 68.52

74.64 £0.08
Test: 71.63 | Val: 60.0
S
°

<

70.48 £ 0.11
Test: 67.74 | Val: 73.33
93.33£0.07
Test: 58.06 | Val: 60.0
77.14£0.07
Test: 70.97 | Val: 60.0
75.24 £ 0.06
Test: 74.19 | Val: 60.0

93.33£0.07
Test: 61.29 | Val: 60.0

+0.05
Test: 61. 29| Val: 73.33

85.71£0.09
Test: 58.06 | Val: 53.33

76.19 £0.03
Test: 67.74 | Val: 66.67
.33 £ 0.

Test: 67.74 | Val: 46.67

75.24 £ 0.4
Test: 74.19 | Val: 66.67

68.57  0.08
Test: 67.74 | Val: 73.33

73.3310.04
Test: 67.74 | Val: §3.33
68.57 £ 0.02
Test: 74.19 | Val: 66.67
73.33£0.08
Test: 51.61 | Val: §3.33

62.86 £ 0.
Test: 83.87 | Val: 66.67
74.29 £0.06
Test: 70.97 | Val: 60.0

N

o

67.75£0.12
Test: 66.9 | Val: 71.21
93.32£0.07
Test: 58.44 | Val: 61.11
74.52£0.09
Test: 69.69 | Val: 60.0
3.07 £0.07
Test: 72.5 | Val: 60.0

93.32£0.07
Test: 61.88 | Val: 61.11

.85 £ 0.
Test: 60.28 | Val: 73.33

56.09 £ 0.07
Test: 64.83 | Val: 51.85
75.11£0.04
Test: 67.74 | Val: 65.61

18 £0.02
Test: 68.35 | Val: 47.62

7101

Test: 73.52 | Val: 61.7
65.07 £ 0.1

Test: 68.24 | Val: 71.21
71.72£0.03

Test: 68.24 | Val: 54.6
.81 £0.03

Test: 74.59 | Val: 65.61

68.97 £ 0.09
Test: 51.05 | Val: 46.38

61.42%
Test: 84.01 IVII‘ 67.3

72.57 £0.06
Test: 71.23 | Val: 60.0

P

811
Test: 79.09 | Val: 70.0

80.78 £ 0.07
Test: 66.36 | Val: 60.0

61.3£0.16
Test: 62.73 | Val: 54.0

42%
65.0 | Val: 68.0
69.98 £0.13
Test: 71.82 | Val: 68.0

6.42£0.14
Test: 74.32 | Val: 66.0

56.8140.12
Test: 59.77 | Val: 60.0

73.630.11
Test: 74.09 | Val: 56.0
73.06 £0.05
Test: 70.91 | Val: 42.0
75.93%0.1

Test: 52.73 | V.

Test: 72 27|Val 48.0

Test: 57 73 I Val 46.0

X Test: 52 55]Val 381 Test 51 "6 | Val 45.0
9.83 +

Test: 65 91 | Val 58.0 -80

8121401
Test: 51.82 | Val: 60.0
81212011
Test: 55.45 | Val: 72.0

.59+ 0.11
Test: 48.86 | Val: 65.0

-70

CV Mean (%)

65.64 £ 0.07
Test: 54.09 | Val: 47.0
62.88£0.1
Test: 64.09 | Val: 74.0

94.56 £ 0.06
Test: 70.0 | Val: 60.0

80.57 £0.12
Test: 70.0 | Val: 57.0
73.94£0.09
Test: 73.18 | Val: 56.0
95.21£0.06
Test: 72.73 | Val: 50.0
77.52 £0.08
Test: 65.0 | Val: 68.0
92.25£0.09
Test: 65.23 | Val: 51.0
51.68 £ 0.11
Test: 65.0 | Val: 45.0

74.8510.05
Test: 68.64 | Val: 63.0

81.4£0.05
Test: 67.27 | Val: 54.0
70.33 £0.07
Test: 75.45 | Val: 69.0
7045%0.1
Test: 60.68 | Val: 42.0

53.64 04
Test: 81.36 | Val: 62.0

74.22+0.14
Test: 77.27 | Val: 58.0
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. W el dlone

(SGOT) ppas SuzuwlglliSI-Sunliolt sliual usils slmo L3yl inis

GradientBoosting
(SelectKBest_f_classif)

XGBoost
(SelectKBest_f_classif)

LightGBM
(SelectKBest_f_classif)

RandomForest
(SelectKBest_mutual_info)

GradientBoosting
(SelectKBest_mutual_info)

XGBoost
(SelectKBest_mutual_info)

DecisionTree
(SelectKBest_mutual_info)

LightGBM
(SelectKBest_mutual_info)

LogisticRegression
(SelectFromModel_RF)

74.29 £0.06
Test: 58.06 | Val: 73.33

.24 £ 0.

Test: 64.52 | Val: 86.67
76.19£0.03
Test: 64.52 | Val: 60.0
72.38 £0.06
Test: 67.74 | Val: 73.33

70.48 £0.14
Test: 67.74 | Val: 73.33

67.620.1
Test: 67.74 | Val: 73.33

75.24 £0.06
Test: 67.74 | Val: 80.0

79.05 £ 0.02
Test: 51.61 | Val: 53.33

76.92+0.11
Test: 59.4 | Val: 69.74

75.89 £ 0.07
Test: 60.77 | Val: 88.72

79.05+0.08
Test: 63.34 | Val: 65.93

68.73+0.16
Test: 63.47 | Val: 53.78

.16 £0.19
Test: 63.78 | Val: 53.78

70.81£0.13
Test: 65.67 | Val: 69.74

78.69 £0.09
Test: 69.97 | Val: 84.29

80.84 £ 0.05
Test: 53.12 | Val: 48.89

74.29 £ 0.06
Test: 58.06 | Val: 73.33

.24 £ 0.
Test: 64.52 | Val: 86.67
76.19 £ 0.03
Test: 64.52 | Val: 60.0

72.38 £ 0.06
Test: 67.74 | Val: 73.33

70.48 £ 0.14
Test: 67.74 | Val: 73.33

67.62%0.1
Test: 67.74 | Val: 73.33

75.24 £ 0.06
Test: 67.74 | Val: 80.0

79.05 0.02
Test: 51.61 | Val: 53.33

71.89£0.08
Test: 58.68 | Val: 70.0

74.25 1 0.06
Test: 62.1 | Val: 85.0
75.27 £0.05
Test: 63.87 | Val: 62.0

66.88 £ 0.1
Test: 61.61 | Val: 62.05

68.68 £0.15
Test: 64.48 | Val: 62.05
67.19£0.16
Test: 62.3 | Val: 62.05
68.28 £ 0.11
Test: 66.43 | Val: 70.0
73.46 £ 0.08
Test: 68.59 | Val: 75.2

77.69 £0.03
Test: 52.32 | Val: 51.01

70.55%0.13
Test: 51.52 | Val: 63.64

73.9210.17
Test: 51.01 | Val: 75.0
.03 0.

Test: 53.03 | Val: 79.55
79.18 £ 0.07
Test: 60.61 | Val: 56.82

6.34 £0.19
Test: 62.12 | Val: 57.95

71.05%0.14
Test: 61.11 | Val: 70.45

81.98%0.1
Test: 64.14 | Val: 40.91

75.63+0.17
Test: 51.52 | Val: 63.64

svc 77.14£0.06 81.52+0.02 77.14£0.06 76.65+0.03 7.83+0.2
(SelectFromModel_RF) Test: 51.61 | Val: 40.0 Test: 58.39 | Val: 44.0 Test: 51.61 | Val: 40.0 Test: 53.77 | Val: 41.9 Test: 52.02 | Val: 52.27
KNN 73.33+0.07 75.54 £0.09 73.3310.07 66.57 £ 0.1 61.75+0.22
(SelectFromModel_RF) Test: 70.97 | Val: 73.33 Test: 65.91 | Val: 53.78 Test: 70.97 | Val: 73.33 Test: 63.72 | Val: 62.05 Test: 56.57 | Val: 53.41 —80
2 LogisticRegression 93.33£0.04 93.84 £ 0.04 93.33£0.04 93.3%0.04 98.46 £ 0.02
3 (SelectFromModel_Lasso) Test: 77.42 | Val: 60.0 Test: 76.13 | Val: 65.93 Test: 77.42 | Val: 60.0 Test: 75.88 | Val: 62.0 Test: 63.64 | Val: 56.82
3 g
3 RandomForest 83.8140.05 83.81#0.05 §
3 (selectFromModel Lassc)  Test: 64.52 | Val: 66.67 Test: 64.52 | Val: 66.67 H
¥ >
% -700
X GradientBoosting 73.33+0.09 70.58 £ 0.07 73.3310.09 69.67 £ 0.09 81.56 £ 0.11
Vb (SelectFromModel_Lasso) Test: 70.97 | Val: 60.0 Test: 70.06 | Val: 50.77 Test: 70.97 | Val: 60.0 Test: 70.44 | Val: 55.0 Test: 66.16 | Val: 31.82

svc
(SelectFromModel_Lasso)

93.33£0.05
: 77.42 | Val: 60.0

93.71 £ 0.05
Test: 76.13 | Val: 65.93

93.33 £ 0.05
st: 77.42 | Val: 60.0

93.16 £ 0.05
t: 75.88 | Val: 62.0

98.64 £ 0.01
: 64.14 | Val: 61.36

XGBoost 80.0£0.11 80.55+0.11 80.0£0.11 78.03£0.12 80.1£0.12
(SelectFromModel_Lasso) Test: 70.97 | Val: 66.67 Test: 67.08 | Val: 63.89 Test: 70.97 | Val: 66.67 Test: 66.87 | Val: 65.01 Test: 68.18 | Val: 54.55

KNN 81.9%0.1 83.82 £ 0.06 81.9%0.1 78.41£0.12 89.46 £ 0.03
(SelectFromModel_Lasso) Test: 74.19 | Val: 53.33 72.58 | Val: 48.89 Test: 74.19 | Val: 53.33 Test: 69.29 | Val: 51.01 Test: 57.07 | Val: 31.82

DecisionTree 73.33£0.06 74.09 £ 0.05 73.33 £ 0.06 3.54 £ 0.06 6247101
(SelectFromModel_Lasso) Test: 54.84 | Val: 66.67 Test: 57.6 | Val: 63.89 Test: 54.84 | Val: 66.67 Test: 56.02 | Val: 65.01 Test: 55.05 | Val: 62.5

50
LightGBM 78.41£0.11 76.19 0.1 7437 £0.12 78.59 £ 0.18

(SelectFromModel_Lasso)

76.19 0.1
Test: 67.74 | Val: 73.33

Test: 63.47 | Val: 53.78

Test: 67.74 | Val: 73.33

Test: 64.48 | Val: 62.05

Test: 64.65 | Val: 38.64

LogisticRegression 80.95%0.1 81.35+0.11 80.95%0.1 79.7+0.11 82.21%0.08
(SelectFromModel_ExtraTrees) Test: 61.29 | Val: 66.67 Test: 61.29 | Val: 69.33 Test: 61.29 | Val: 66.67 Test: 61.29 | Val: 67.72 Test: 50.51 | Val: 52.27

RandomForest 75.24 £ 0.09 79.04 0.06 .24 1 0. 70.23£0.12 83.01£0.07
(SelectFromModel_ExtraTrees) Test: 67.74 | Val: 73.33 Test: 63.47 | Val: 69.74 Test: 67.74 | Val: 73.33 Test: 64.48 | Val: 70.0 Test: 58.33 | Val: 37.5

GradientBoosting 68.57 £0.13 63.25+0.15 741610.14

(SelectFromModel_ExtraTrees)

svc
(SelectFromModel_ExtraTrees)

DecisionTree
(SelectFromModel_ExtraTrees)

7 £ 0.
Test: 64.52 | Val: 53.33

80.95 & 0.I1

61.5%0.19
Test: 61.97 | Val: 62.62

68.57 £0.13
Test: 64.52 | Val: 53.33

80.95%0.1
51.61| Val: 53.33

Test: 62.1 | Val: 54.81

79.27£0.1
Test: 48.32 | Val: 54.81

7.46 £0.12
Test: 59.53 | Val: 56.01

Test: 63.64 | Val: 43.18

46.23£0.12
Test: 53.79 | Val: 47.73

LightGBM 7714 £0.08 77.85+0.09 77.14+0.08 7453101 71.42+0.04
(SelectFromModel_ExtraTrees) Test: 58.06 | Val: 73.33 Test: 53.1 | Val: 73.33 Test: 58.06 | Val: 73.33 Test: 55.21 | Val: 73.33 Test: 51.52 | Val: 59.09
S N N N <
& ° & s ®
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