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Abstract This study was conducted to detect metabolic syndrome risk factors and gender difference in
adults. 18,616 cases of adults are collected by Korea Health and Nutrition Examination Study from 2016
to 2019. Using 4 types of machine Learning(Logistic Regression, Decision Tree, Naive Bayes, Random
Forest) to predict Metabolic Syndrome. The results showed that the Random Forest was superior to
other methods in men and women. In both of participants, BMI, diet(fat, vitamin C, vitamin A, protein,
energy intake), number of underlying chronic disease and age were the upper importance. In women,
education level, menarche age, menopause was additional upper importance and age, number of
underlying chronic disease were more powerful importance than men. Future study have to verify

various strategy to prevent metabolic syndrome.
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Table 1. Input variable descriptions
Category Variables Definition Type
Age 19—29, 30—39, 40—49, 50—59, 60—69, 70— Categorical
Income level low, middle—low, middle—high, high Categorical
Education level Ung:grheiEE]:(STag\'f;];(ﬁ?\vee::i?;o}’ Categorical
Demographic Occupation Managers, Clerks, Service/sales workers , Agricultural workers, Categorical
Craft workers, elementary workers, Unemployed
Marital status Married, Not married Categorical
Insurance type National He'fllth Insurance Categorical
’ (Local—subscriber, Employee)
Smoking status No, Yes Categorical
Drinking status No, Yes Categorical
Life style Physical activity No, Yes Categorical
Weekly sleep time Continuous
Weekend sleep time Continuous
Perceived health Very good, Good, Normal, Bad, Very bad Categorical
Perceived stress No, Yes Categorical
Perceived body shape Very lean, Little lean, Normal, Little obese, Very obese Categorical
Health status Number of underlying diseases 0,1,2 3 4 =5 Categorical
Family history of chronic disease No, Yes Categorical
Body Mass Index Continuous
Relative hand grip strength Continuous
Energy intake Kcal Continuous
Carbohydrate intake g Continuous
Protein intake g Continuous
Diet
Fat intake g Continuous
Vit A intake Continuous
Vit C intake Continuous
Menopause No, Yes Categorical
Gynecology Menopause age Continuous
Menarche age Continuous
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Table 2. General characteristics by sex

Variables Male Female
(N = 8,203) (N = 10,413)

Metabolic Syndrome

No 5052 (61.59) 6964 (66.88)

Yes 3151 (38.41) 3449 (33.12)
Age

19 ~ 29 1034 (12.61) 1167 (11.21)

30 ~ 39 1302 (15.87) 1685 (16.18)

40 ~ 49 1468 (17.9) 2064 (19.82)

50 ~ 59 1507 (18.37) 2002 (19.23)

60 ~ 69 1491 (18.18) 1806 (17.34)

70 ~ 1401 (17.08) 1689 (16.22)
Income level

low 1414 (17.24) 2020 (19.40)

middle — low 1991 (24.27) 2592 (24.89)

middle — high 2285 (27.86) 2801 (26.9)

high 2513 (30.64) 3000 (28.81)
Education level

E:‘:ﬁmar" schooland | 4114 (13 53) 2442 (23.45)

Middle school 778 (9.48) 1008 (9.68)

High school 3086 (37.62) 3183 (30.57)

University 3229 (39.36) 3780 (36.3)
Occupation

Managers,

professional, and 1272 (15.51) 1346 (12.93)

related workers

Clerks 950 (11.58) 1046 (10.05)

Service/sales workers 770 (9.39) 1555 (14.93)

ingglgigiflng:;;? 456 (5.56) 283 (2.72)

Craft workers,

E?afﬁix:l]:ngp:?:tion o | 1959 (2388) 314 (3.02)

assembling workers

Elementary workers 639 (7.79) 1000 (9.60)

Unemployed 2157 (26.30) 4869 (46.76)
Marital status

Married 6490 (79.12) 8985 (86.29)

Not Married 1713 (20.88) 1428 (13.71)
Insurance type

National Health

Insurance(Local —subsc 2381 (29.03) 2858 (27.45)

riber)

e (o oyeey | 9541 (67.35) | 7192 (69.07)

Assistance 281 (3.43) 363 (3.49)




o

o] e gEFre) 998 SA2 A9 493 A7 481

Perceived health Oﬂ:lL T’HN'Z]'“] ‘:HA]'EB‘ Oql?‘oﬂ LE}—E— ETAE]’%
Very good 464 (5.66) 409 (3.93) <Table 2.>¢} 2t} & 18,6161 A5 = G4
Good 2117 (25.81) 2403 (23.08) 8,203, 01/\-1 10 413%9_; oq/\q/] |l 1:7]_ o 2k
e s w wamees e A § osodes e
Very bad 190 (2.32) 451 (4.33) r:}_ el mE dAS A AEEE %m & 38%, o3

Perceived body shape & 33% % 711 H 6304:”_ 11]‘9} T/\]-O]—ﬂ] 1/1—/\4/] H] ]
Very lean 369 (4.50) 312 (3.00) o =A YER
Little lean 1152 (14.04) 1007 (9.67) o] o] 2= o|gte] S 717l Algo] 23%E YA
Normal 3334 (40.64) 4292 (41.22) o] 14%HT} B HlES 7141 9}%3} z2e) o] Ao o
Little obese 2806 (34.21) | 3669 (35.23) A (26%)3} A4 (47%) E—r 2 (F, B9 HEo]
?er{y obese 542 (6.61) 1133 (10.88) ]'78]' fi%]\'q' _,__414 zﬂ 10 % 01*5101]/“1 O—}Z_} H]

Drinking status al :6:0 UH o H]U]—Oi O]}\] o H]-%o] 16902 Ao
No 2402 (29.28) 6000 (57.62) = Ho
Yes 5801 (70.72) 4413 (42.38) 40%1c} E=9kth 70%2] B0l 75 s, AL

Smoking status 58% = %@EE} ]7?]'7“ L]'EP}T}E]' ’_g‘odﬂ]ﬁ %Aé o] 33%,
No 5485 (66.87) 9898 (95.05) Ao 558 FARe] HEo] 2 zpol= KAL)

PYesl d 2718 (33.13) 515 (4.95) w23 7oA A9 o)A o] 66%, G0 59
erceived stress - P
No 6279 (76.55) 7473 (71.77) :qﬂ:qliq;ﬂl]qj);;lﬁ qgfjioﬁ:;;;] TE
Yes 1924 (23.45) 2940 (28.23) °© =7 = °© =T e

Physical activity o Fekstriar & 4= Atk Ao]o] g WA R} of Ao
No 4570 (55.71) 6167 (59.22) Ae] X7} AukA o & A el o E e A9
Yes 3633 (44.29) 4246 (40.78) w7 e H)&o] 49% = Jeb)

History of chronic disease

No 3384 (41.25) 3507 (33.68) _ _

Yes 4819 (58.75) 6906 (66.32) 3.2 m3ef A Bt
Number of underlying diseases E]—OO]it:ﬂ— <] T,‘i—o]:oﬂ/ﬂ _/] /\é =9 ’\‘é 7]_; = ;(]E?l

0 3527 (43) 3757 (36.08) AUC(Area Under Curve) & AHg-3te] By F5&

1 2099 (25.59) 2422 (23.26) W7etd s, B4 A9 <Table 3.>9) 2

2 1305 (15.91) 1605 (15.41)

3 709 (8.64) 1063 (10.21)

. 317 (3.86) 599 (6.70) Table 3. Confusion matrix of Models

=5 246 (3.00) 867 (8.33) Model AUC |Accuracy |Precision| Recall |Fl—score
Weekly sleep time 298.85 + 203.11 315.09 £ 196.97 LR 0.68 0.66 058 0.42 0.49
Weekend sleep time 324.01 + 221.5 | 342.27 + 214.35 1\2;1 o1 0.624 0.61 053 0.51 0.54
i?:;gt; hand grip 1.48 + 0.34 0.93 + 0.24 ! NB 0785 | 0.72 0.63 0.65 0.64
BMI 2451 + 3.34 23.48 + 3.63 RE 0-807 075 0.70 0-59 0-64
Energy intake (Kcal) 2242.24 + 836.5 | 1656.91 + 651.97 E IR 0‘5?36 0.77 0.70 0.54 0.61
Protein intake(g) 80.56 + 38.58 59.35 + 29.49 m DT 0.677 0.7 0.57 0.58 0.57
Fat intake(g) 48.84 + 34.52 37.11 + 26.81 z NB 0-804 0.74 0-59 0‘7‘4 0‘6:5
Vitamin A intake 398.85 + 420.72 | 347.45 + 371.85 RE 0-859 0.79 072 0.63 0.67
Vitamin C intake 65.28 & 79.71 | 62.64 & 81.4 I};}; ;Zi‘;g:ﬁ ?:fg::sjon' DT * Decision Tree, NB : Naive Bayes,
Menopause

No 5295 (50.85)

ou o118 (19.15) WAl 7%, Random Foresto] 2ol H3wr}
Menopause age 49.72 + 3.41 80%% 71 =& ATEE B 1 U2 F Naive
Menarche age 13.92 & 2.03 bayes, Logistic Regression, Decision Tree =¢]%)

t}. oA o] 7 9-%= Random Forest”} 86% % 7} w2
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