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Scores

Scores
Method AUC CA F1 Precision Recall Method AUC CA F1 Precision Recall
Neural Network 0848 0868 0861 0868 0.868 Neural Netwark 0850 0.867 0.862 0.858 0.867
Random Forest D844 0869 0860 0856 0.869 Random Forest 0.842 0.B70 0.861 0.857 0.870
Logistic Regression 0.755 0842 0731 0739 0.842 Logistic Regression 0755 0842 0732 0790 0.842
Maive Bayes D672 0756 0.760 D.765 0.756 Naive Bayes D672 0756 0760 0765 D756
Tree D606 0833 0825 0819 0.833 Tree D606 0834 0826 0820 0.834
VM DE05 0734 0762 0745 0734 SVIM D505 0784 0762 0745 D784
ALL field,Age<=18:3488,06P+SBP ALl field,age>18:24088,DBP+5BP
Scores Scores
Method AUC CA F1 Precision Recall Method AUC CA F1 Precision Recall
Neural Network D672 0990 0936 0931 0.990 Meural Network D769 0845 0775 0792 0.645
Logistic Regression 0665 0.9%0 0936 0.981 0.990 Logistic Regression 0.767 0.841 0787 0.781 0.841
MNaive Bayes D652 0930 0936 0931 0.990 Random Forest D765 0844 0779 0778 0644
SV 0632 0930 0936 0931 0.990 Tree 0757 0844 D777 0776 0.644
Random Forest 0607 0990 0986 0981 0.990 Maive Bayes 0757 0845 0774 0714 0.845
Tree 0500 0.990 0936 0.931 0.990 SWVM 0414 059 0650 0753 0596
Age+Sex, Age<=18: 3408, DBEP+5EBP Age+5ex, Age>18: 24808, DBP+58BF
Scores
Method AUC CA F1 Precision Recall
MNeural Network 0863 0836 0880 0877 0836
Random Forest 0857 0834 0876 0873 0834
Logistic Regression 0.785 0860 0815 081 0.860
Naive Bayes 0691 0771 0.780 0.789 0.7
Tree 0.594 0.855 0.846 0.840 0.855
SYM 0512 0.761 0.764 0.765 0.761
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plink --noweb --ped genome.ped --map genome.map --make-bed --out genome
gcta6bd --bfile genome --make-grm --reml --thread-num 10 --out genome
gcta6d4d --reml --grm genome --pheno genome.phen --cvblup --out genome
plink --noweb --score genome.tr n.snp.blp --bfile genome --pheno
genome.ts n.phen --covar genome.cov —--out genome.t n
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Method AUC  CA F1 Precision Recall
Meural Network 0.714 0742 0648 0652 0.742
Random Forest 0641 0702 0692 0685 0.702
Tree 0550 0704 0693 0685 0.704
SV 0.464 0675 0647 0630 0675
Logistic Regression 0425 0747 0639 0558 0.747
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Method AUC CA F1 Precision Recall
MNeural Metwork 0.809 0939 0932 0929 0.939
Random Forest 0785 0936 0923 0925 0.935
Logistic Regression 0.72% 0932 0901 0873 0.932
Tree D661 0925 0918 093 0.925
SWVIM 0.633 0520 0909 0.900 0.920

Yo Jorold HLEd 50 Oyl b s w9y (Slamlio Jous F-11 IS

Method AUC CA F1 Precision Recall
MNeural Network 0.918 0.925 0922 0919 0.925
Random Forest 0835 0924 0918 0915 0.924
Logistic Regression 0.866 0911 0893 0.587 0.911
SWIM 0657 0914 0888 0887 0.914
Tree 06530 03515 0505 0900 0.915
Vb (g LS 53 D b b 95 STawlio Jgu F-IT S0
Method AUC CA F1 Precision Recall
MNeural Metwork 08577 05901 089 0.893 0.901
Fandom Forest 05849 0896 08839 0.835 0.596
Logistic Regression 0.811 0881 0831 0345 0.581
Tree 0621 0879 0870 O0.564 0.579
SV 0608 0857 0838 0825 0.557
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. | 2o e
600K
« 600K
GRM £P)
« GWAS
SNP
* * *
Farhood
SNP
* * * * * * * * * * HTN L)?)LMS _ ?:)_?
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0.838]0.639(0.834|0.889|0.768|0.8290.832|0.878| 0.65 | 0.896 Folaas s
0.839| 0.6 [0.841/0.887|0.76710.78110.834|0.876| 0.65 |0.893 IR
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el 03l 0-F Jgaz 50 NP (s Singe < 0 G 5] (sl 2 5 920 ,5 dslons SNP (. Silo oron
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TCGS GWAS

RS RISK | P-
AT TRAIT POS | Gene | ALLELE [VALUE
. 7-| 4.00E-

rs6506537|1(36.79| T |C Hypertension 18p11.320 NR r565(3|t_353 (())(g))
rs10021303 2(38.53 G [A|  Hypertension | 4q22.3 | NR r510°il303' 7'%%5

rs380914 (3(44.07|C | T

Cardiovascular disease
in hypertension (calcium rs3768939- | 9.00E-
channel blocker 29372 [CENTG2 A 07
interaction)
Systolic blood pressure

response to 16q24.1| TAFIC rs4150161-| 1.00E-

rs3768939(4129.6| G [A

rs4150161(5|19.71 T | C

hydrochlorothiazide in T 06
hypertension

. 3.00E-

rs31864 |6(35.05 A |G Hypertension 5033.3 | EBF1 | rs31864-A 06
rs1925458 | 7[17.34 G | 7 | AlZheimersdiseasein | o ) 2 | NRsN [rs1925458-7) 1O0F

hypertension 06
. 5.00E-

rs991316 [848.38 C [T Hypertension 4923 | ADH7 |rs991316-T 06
rs17999459[11.15 C | G Hypertension 6p22.2 | HFE r5179§945' Z'i%E'

Diastolic blood pressure
rs125098781044.69 T |G| night-to-day ratio in | 4922.3 [IncRNA
hypertension

rs12509878- 6.00E-
C 06

! Information gain
2 gain ratio
3 gini index
4,2
X
5 relief
® https://github.com/18026070/Hypertension-ML
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| RS || Status | Age
rs6506537 || ® Ref () Het () Hom| "===®

rs1021303 || O Ref ® Het () Hom >0
rs380914 | ORef ® Het () Hom/|Calculated HTN Risk
rs3768939 || O Ref ® Het () Hom
rs4150161 || O Ref O Het ® Hom 6 1 '3 ﬂ/b
rs31864 O Ref ®Het ) Hom
rs1925458 || ® Ref (' Het () Hom
rs991316 || O Ref ' Het ® Hom
rs1799945 | (O Ref ® Het () Hom
rs12509878|| ® Ref ' Het ) Hom
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Abstract

Hypertension is one of the most significant underlying ailments of cardiovascular disease;
hence, methods that can accurately reveal the risk of hypertension at an early age are essential.
Also, one of the most critical personal health objectives is to improve disease prediction
accuracy by examining genetic variants.

Therefore, various clinical and genetically based methods are used to predict the disease;
however, the critical issue with these methods is the high number of input variables as genetic
markers with small samples. One approach that can be used to solve this problem is machine
learning.

This study was conducted on the participants' genetic markers in the 20-year research of
cardiometabolic genetics in Tehran (TCGS). Various machine learning methods were used,
including linear regression, neural network, random forest, decision tree, and support vector
machine. The top ten genetic markers were identified using importance-based ranking methods,
including information gain, gain ratio, Gini index, 2, relief, and FCBF. A model based on a
neural network with AUC of 89% was presented. This model has an accuracy and an f-measure
of 0.89, which shows the quality. The final results indicate the success of the machine learning
approach.

The initial processing method and data modeling have innovation, especially in the deep
learning network. The research results in the two machine learning and deep learning models
have AUC of 0.87 and 0.89, respectively. This modeling provides the possibility of prognosis
at young ages with appropriate accuracy.

Keywords: Deep Learning, Genetic Markers, Hypertension, Disease Risk.
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