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Abstract: Hypertension is a common chronic disease. Early detection and early measures can reduce the risk
of complications. Although the occurrence and development of hypertension are related to many factors,
diet is recognized as one of the main factors affecting hypertension. Machine learning models can effectively
predict the disease and provide adjuvant therapy. Accordingly, this paper proposes a scheme based on
XGBoost to predict hypertension by analyzing nutritional ingredients. The scheme consists of five parts:
data conversion, feature selection, data cleaning and standardization, model building, classification and
evaluation. The experimental results show that XGBoost obtains an F1_score of 0.859 in the prediction of

and the accuracy rate exceeds 85% , which are higher than random forests, support vector machine and
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artificial neural network. By analyzing the influence factors of different nutritional ingredients on the
prediction of hypertension, we obtain the top 10 nutritional characteristics that affect hypertension, most of
which are the same as medical conclusions, verifying the effectiveness of the model.

Keywords: machine learning; hypertension prediction; nutritional ingredients analysis; Extreme

Gradient Boosting

o I 2 — 7 ™ B N A A R 1) 0 o, R 0 S ) v o 4 o 2 DR 2 i A v L R A Y I 4
M 14 mmHg 8iEF ik i 90 mmHg Al E b & i, 9 FE AR A & (I 7)) (The Lancet) 2017 4F
BIBFSE R, 1975 AE 4R 5 0L O A B 6 10°, B 2015 S R n &= 11 < 10°, BUw ASULFE# 1T —
i s E T FUE B N BAE A 750 X100 AFE T I H 55 B L 51 & B IF & RE o o B b 207 e i e il A 0 A 2 2R
7R L2017 AFEHEAT 2,45 X107 B AR R i R AR S o AR N LR BIRY 23.2%0 A 1.25 X107 AANHLE A C
SR A LR L I BRI R AR — 2B kA 1.5 X107 BB FH R 25 W ATIR Y HA 4 3 700 X
10" 1) e I AR A5 B T 5 o 5 1 A A R IR Y 3 2k N Bk B T 4.35 1070 H i e IR AE A EAG
RN A AIRIRYT H AR R B 3

S i PR 5 B PR B A AR 22, AR S AR W R R D RS e B R AR 1 £ I 9 AR X TR AT
HTRYLERERAARMIREEHMEE RS KENEZEZWHNE, HEEEPRES AFVIHMEX, 55
FAER B R AR 2 B o0 fit R RT3 875 95 95 o T KB T L B A IR B AR R AN (] 28 R 1 R 0 4
NSRBI 9 & A2 A B AT BRI . BF S8 RS T AR &8 37 45 10 R (A7 AE — 5 56 & L Qv I TR SR
14 I 55 T £ gl B A B IE A ST 5 v i AR I b R LR U R A A OE N L R D S AR I
FHOCH s IR 4E2E 28 ALCLUE BB A 5 il e A8 2 04 ol DG H 2 e 4 -

e LA R 3 PR B SRR R T AN B A B, AR 5 R L L B R & B n) A G A BRAK A OM R BT
Tt T A R W O R I B R IR A . AR T v IR ) A R K R v R B AR KA L BT DL S — Fh e
U =15 n S IR N =N | NASEOR i s VAT SO i o) P S e < o =10 IR SO NN oA PR B v T D W & R v
AT T W5 H 38 2o AR B8 S ok 0 s 1 e i D R 30 TR R RIE AN R . 40 Dong S5 3l 53 o 1 S 1) £
ool 2 W4 B E o0 T i R A sg ma R R AR L 2L AR TS 7 U R IR RIS #EIK & . Sinkuo chai
SRV I T B IR BOR B ST T R IR R A WA AL R AR AR T — AR CA4L5 BRSRRA L
0 e e B R 110 1 R G BB ol T ML L e 3RS T 81.58 YR MERR . Nimmala 255 58 5 3 T
AAA Y J48 432 F o AR % 1ot A R AR SR J8 Sk T /35 1M JE , AR A5 T 84.30 %6 M MERR 2R . DL I I 58 LR X i3
IR B 2 AR AL AT T IR AER T AEF 5 B0 6 A R e g AR 4 — SRR AE L LA P A 43 AT 10 A R A Ry B
— X EE AN

R, DL 3% 53 o 2 BERRAE , DUAR IS L BT IR 2 55 — MORRAE S 0l B R A L 25 G WL 2% ) (e 127 > S5 Al
AL AR T — R L T A R BE O L RS T 3 T XGBoost 1943 BT B 35 A4 B = i AR A 2
S5 T B R 0 T AR A LA B v R RGO B R FL A, AR T X o I A ] 3R
RRAE 1 52 ) R 58 RV 20 BT 5 20 BT 285 SR T DA Bl B A D) R B 3 4 R R B ) A, SR RO e Bk E AT IR T BRI
BT A I 42 B AR AR

1 BEXREFEERFTE

3 2 X (R A AT 43 B R A L 2 A L S B R e O T 0 DA AR R 1) W B N AR B B e
JIT e LI 8 35 A B L IO 2 A R AR S Y — FRERRAE 5 2) A BRAS B Y 75 R Ao R — B R A B S 1
Wi 5 G A5 () B0, T B2 R B R A7 B 5 3) 4 ZE B AL 0] 43 Sl T 4 28RN £ 00 o B AL 3l ik A M N B B KB
T34 A UL SR G AREAIE SFe TR 5 1 A 00 43 24T 55, T B AR IV R 0T A R R R S BT . 4 F
FARM T — 5 B R AR BENE 1 PR,



% 2 B2, E LT XGBoost 3R 8 & 51 R 45 & o BTN F % 121

2006—20164FCHNS IR
B s
RFBYHS, EidMySQLIF Tk
B [
L BRTRERERAAN |
e I
] AT

FEREFERIMHR R B A et AL
—RURHIE SRS SR F P A B
EBR18%8 R LUT B Sl A

| 3 015N REA
: (IF:1479 1i:1536)

SRR, WA Mo
|'__________l _________ _i
| HIETXCBoost B MUEHRR |
L ‘, ________ T B
A ETRR
I 5 A S ST R
KA

SRR, g

1 BlEhEREMESRRER

Fig. 1 Flow chart of five stage scheme for predicting hypertension
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Table 2 SelectKBest feature selection results
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Fig. 2 XGBoost modeling flow chart
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Table 3 Comparison of the results of the four classification algorithms

- S b
PE SRS
Recall Precision F1_score Accuracy
RFs 0.873 0.756 0.815 0.816
SVM 0.887 0.663 0.759 0.721
ANN 0.838 0.704 0.765 0.769
XGBoost 0.926 0.802 0.859 0.857
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Fig. 3 ROC curve of four classification algorithms
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Table 4 AUC values of four classification algorithms

G A AUC
RFs 0.864
SVM 0.859
ANN 0.817

XGBoost 0.903

M F 155 XGBoost ) AUC i e i HoB it 17 0.9, i Hifl 45 4~k 9 AUC R8T 0.9, @i MR
X4 R AP ROC 45 AUC HA Mg 5% 3 h i ismn s g e M m, SaEmET
XGBoost 1438 13 437 7 3% 543 T e iR (o A58 , B A 4 o I ME A R RGBS L A LR S FL 0 80 e RRUR
U e MRS

T XGBoost IZH# %, 1% B W 2% 48 & (GridSearchCV) 77 i R Ak XGBoost H i B T 5 I 5 1y =
B, B XGBoost 155835 B F AL ORI I S AE S BN 5 fiR .
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Table 5 Best parameters of XGBoost

B RE SRR BoAE wIESE

1 learning_rate 0.3 0.01

2 n_estimators 10 1 000

3 max_depth 6 3

4 min_child_weight 1 5

5 gamma 0 0.3

6 subsample 1 0.75

7 colsample_bytree 1 0.85

FILE/RT XGBoost B 7 Fi ] 2R 2 H0, BN S A A F A& L, H A learning_rate A H IE Y22 2]
PR UGE A A E LK BRE S 0.3, I iR A S B0 0.01;5n_estimators R & A 32 £ U & BD
BEAt o7 > A% BB 38 DA A IE AR 7R BRME S 10, i HE R I S 800 10005 max_depth FRR R Y iz K
TP BRINEN 6, BLRUE SN 3~ 10 (BB OB B i UG, S O B HE 2 80 35 min_child_weight J& /M
FALHE BN R 1, ARV Ry 2~10, (H B NZE 5 i 806 S B S A S 808 55 gamma S ZE 5100 R 8L 2
T T o3 BT I B /PR SR B BB 0, S I B S B0 0.3 5 subsample FRm ] T Y11 2R
U FREA RGN L6, BN R 1, BUEE S 0~ 1, BEFRIE S Lo ] AT B 1k ok 480G, 35 46 0 d5 £
ZHN 0.75; colsample_bytree £ T ZRA5E R A RFAE o5 42 345 AE 59 He 491 BB 1 UEVE Ry 0~1,
ARICEBE BRAESECH 0.85,

2.2 HESH

T AT 53 S A EE B FR A S T R AT SO 0 AR A B S R AR AE SO b R B AR E AR B
WA TP RE NS5 & R Z [ 85 R, DR S uE B A s SRoe v, 51 1 T RR1E 3 2% o
Br . FE T 89 S5 50 XGBoost A8 5 3iF Ay 8 37 143 7000 & 1 Hs 09 5 AR AR Y L T XGBoost 1] LUAR 45 45 44 73 %K
B4 38 25 18 A A R G 20 B R AE 9 AR 0 T DL RRAE 7E T A R e e R R BB R R R . 7
W2 EA XGBoost ™, MG FFAE 81 2 VR )7, S 3R AT 1 5 0wy I K 43 2K A HT 12 SRR, BRI SR 6
i

F6 HMSMEDFEMET 12 NS

Table 6 The top 12 features that affect the classification of hypertension

FHAE AL 2 A 4
Age 328
BMI 198

Fat 95

vC 85

Fe 72

Na 58

Mg 51

CHO 49
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s )
FRAE FROE A S
VE 42
Ca 38
VB2 32
CHOL 26

Fe rPORRAE RS 0 M BIUICHE S, BT LA D B e S L A3 2R A AT 2 A PR R AR IR I BMIAE, B AT
FRAEHZEVEAS 5343 5D 301 T 225 , AN [R) AF i RIS [] B T8 19 A A9 AR 25 A4 A [) o A 358 2 D8 4F 188 A BMIT {E 52
& A IR AT R AR o LB AR I 1 RCRT R G L o il Fe Y SO B S W T, BT LUARE I 5 BMI (B AL T
2 A ERGHN . HEATE 3~12 198 35 AT FRAE 23 0 2 BE T (Fao) (HEAE R C(VO) 8k (Fe) VB (Na) LB
(Mg) Bk KAEY (CHO) HiE K E(VE) 85 (Ca) 4E4: % B2(VB2) I E(CHOL) .,

SCHRC7-8 T rh 48 H I £ v Al i B8 A 55 08 I 1 48 A 5 N i R B T AR G, Sk (9 )b 4 il 4 2R 3 C X
Rof AV 8 1M s R85 1 i (B B — g B VE S T 0 5 4 A2 28 C A i I s 000 AR AR v ) 3 5 R 43 R AIF 2R
PEAS o A HEAE AT 5 07 . SCHR[ 24 148 H 6 400 ahl vep 0 7 A B AR 52 1 1) 85 3% W 4 7 6 L L 0 R IR £ 45 4 X4
e ML A A R e 1) 7 R A AR K AR G, R BE A N DL R ok A S X 4 B, AL T XGBoost
SR AT (0 52 W 45 10 53 24 %) %8 3% 43 ORI 10 £

3 & &

X e ML ) TN [ e O T R AT S L 7R A 9 LA LA BRI M OCHE AR 5 — A5 8 32 B AR AR Y & 1L T
TN T5 i 0 A B IR R IR S LR AR R TR A I AR L R T — e o o M s R o N o L T B B Be
Tr %5 T 3T XGBoost Yy L s T I A 1Y 5@ o 70 A > A H R A B8 97 0 £ B A RAR i 5 BMIT R
PO A A L . MSEIRAEROR R B I A D7 R RS T 85.7 o Y MER AR LI & 0.859 Y F1 20K A o H Al
R LYYy Fep ey B TR A e L T o B BT 58 A T AT M 5 8 e AR E B R 0 M AR AT TR R I
JERYHT 10 AN IR0 X 2% 28 STk AT R0, 40 8 107 L 4B 2 3R C LBk 85 LA e Bl K A6 5 1 6] e 1L s B9 5% Wiy 5 30
A BE A S AR R DT 360 T A58 280 A A P
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