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Table 1. Selection of variables

Variables

Categorization

Interesting

Sleep duration

Short sleep duration(< 6 h), Long
sleep (= 9 h) duration, Normal sleep
duration (6 h < and < 9h)

Sedentary time

Normal sedentary time (<0.5), Long
sedentary time(=0.5)

bl Lifestyle Alcohol use Never-mild drinking (AUDIT-C < 8),
variable disorders Heavy drinking (AUDIT-C > 8).
Smoking status Ex- or never-smoker, Current smoker.
Normal,
Dietary intake Abnormal(Excessive fat or carbohydrate
intake)
Dependent Insulin TyG Men  Low IR<8.71440, High IR>8.71440
variable  Resistance(IR) index  yo 000 10w TR<8.33878, High TR>8.33878
Sex Men, Women
De‘?"graph“’ Age 20s, 30s, 40s, 50s, 60s, over 70s
actors
Region Urban, Rural
Living with a spouse, Living without
Marital status a spouse(single, widow, divorced,
separated)
Household income Low, Mid-low, Mid-high, High
Socioeconomic
factors . Middle school or less, High school,
Educational level
College or above
Independent
variable Occupational White collar, Pink collar, Blue collar,
categories Inoccupation
BMI Underweight or Normal, Overweight,

Health-related
factors

Obesity

Physical activity

Active, Inactive

Family history of
Diabetes

Yes, No

Chronic disease

Yes, No

Perceived stress

A lot, Not much

Other factor

Survey years

2016, 2017, 2018, 2019, 2020
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Table 2. General characteristics of study participants

High IR(TyG index)"

) Men ‘Women
Variables Total Yes No Povalue Total Yes No Povalue
N % N (%) N (%) N % N (%) N (%)
(N:li(gt?9194) 5,819 41.6 2,910 50.0 2,909 50.0 8,175 58.4 4,088 50.0 4,087 50.0
Number of Poor
lifestyle factors® <0.0001 0.0006
0 443 7.6 177 40.0 266 60.0 1,106 13.5 512 46.3 594 53.7
1 1,735 29.8 779 44.9 956 55.1 3,403 41.6 1,666 49.0 1,737 51.0
2 2,155 37.0 1,086 50.4 1,069 49.6 2,787 34.1 1,429 51.3 1,358 48.7
>3 1,486 25.5 868 584 618 41.6 879 10.8 481 54.7 398 453
Age <0.0001 <0.0001
19-29 1,019 17.5 301 29.5 718 70.5 1,167 14.3 312 26.7 855 73.3
30-39 1,111 19.1 572 51.5 539 48.5 1,502 18.4 552 36.8 950 63.2
40-49 1,153 19.8 713 61.8 440 38.2 1,839 22.5 838 45.6 1,001 54.4
50-59 1,020 17.5 592 58.0 428 42.0 1,671 20.4 988 59.1 683 40.9
60-69 876 15.1 462 52.7 414 47.3 1,266 15.5 857 67.7 409 32.3
>70 640 11.0 270 42.2 370 57.8 730 8.9 541 74.1 189 25.9
Education level <0.0001 <0.0001
Middle school
or less 863 14.8 428 49.6 435 50.4 1,750 214 1,213 69.3 537 30.7



High school

College or
above

Region
Urban area
Rural arca

Household
income(Q4)

Low

Mid-low
Mid-high
High

Marital Status
Living wtih
spouse

Living without
spouse

Occupatiocnal
categories

White

Pink

Blue
Inoccupation

2,112

2,844

3,765
2,054

665
1,285
1,730
2,139

3,968

1,851

2,080
628
1,650
1,461

36.3

48.9

64.7
353

11.4
22.1
29.7
36.8

68.2

35.7
10.8
28.4
25.1

982

1,500

1,860
1,050

314

658

854
1,084

2,161

749

1,133
319
804
654

46.5

52.7

49.4
51.1

472
512
49.4
50.7

54.5

40.5

54.5
50.8
48.7
44.8

1,130

1,344

1,905
1,004

351

627

876
1,055

1,807

1,102

947
309
846
807

53.5

47.3

50.6
48.9

52.8
48.8
50.6
493

455

59.5

45.5
49.2
51.3
55.2

0.2171

0.3235

<0.0001

<0.0001

2,796

3,629

5,351
2,824

1,009
1,916
2,411
2,839

5,662

2,513

2,291
1,231
942
3,711

342

44.4

65.5
345

12.3
23.4
29.5
34.7

69.3

30.7

28.0
15.1
11.5
45.4

1,400

1,475

2,666
1,422

654
1,031
1,161
1,242

2,959

1,129

892

626

520
2,050

50.1

40.6

49.8
50.4

64.8
53.8
48.2
43.7

52.3

44.9

38.9
50.9
55.2
55.2

1,396

2,154

2,685
1,402

355
885
1,250
1,597

2,703

1,384

1,399
605
422

1,661

49.9

594

50.2
49.6

352
46.2
51.8
56.3

47.7

55.1

61.1
49.1
44.8
44.8

0.6586

<0.0001

<0.0001

<0.0001



d

BMI
<23

23-24.9

>25

Physical Activity”
Yes

No

Family history
of Diabetes

Yes
No

Other chronic
disease

Yes

No
Perceived stress
A lot
Not much
Year
2016
2017
2018
2019
2020

1,875
1,550
2,394

2,945
2,874

1,055
4,764

1,507
4312

1,462
4,357

1,125
1,212
1,246
1,244
992

322
26.6
41.1

50.6
49.4

18.1
81.9

25.9
74.1

25.1
74.9

19.3
20.8
21.4
21.4
17.0

616
771
1,523

1,378
1,532

610
2,300

866
2,044

780
2,130

580
609
623
597
501

32.9
49.7
63.6

46.8
533

57.8
48.3

57.5
474

53.4
48.9

51.6
50.2
50.0
48.0
50.5

1,259
779
871

1,567
1,342

445
2,464

641
2,268

682
2,227

545
603
623
647
491

67.1
50.3
36.4

53.2
46.7

42.2
51.7

42.5
52.6

46.6
51.1

48.4
49.8
50.0
52.0
49.5

<0.0001

<0.0001

<0.0001

<0.0001

0.0034

0.5203

4,484
1,576
2,115

3,724
4,451

1,676
6,499

1,921
6,254

2,335
5,840

1,662
1,700
1,725
1,718
1,370

54.9
19.3
259

45.6
54.4

20.5
79.5

235
76.5

28.6
71.4

20.3
20.8
21.1
21.0
16.8

1,629
932
1,527

1,717
2,371

847
3,241

1,348
2,740

1,113
2,975

842
806
886
863
691

36.3
59.1
72.2

46.1
533

50.5
49.9

70.2
43.8

47.7
50.9

50.7
47.4
51.4
50.2
50.4

2,855
644
588

2,007
2,080

829
3,258

573
3,514

1,222
2,865

820
894
839
855
679

63.7
40.9
27.8

53.9
46.7

49.5
50.1

29.8
56.2

523
49.1

493
52.6
48.6
49.8
49.6

<0.0001

<0.0001

0.6414

<0.0001

0.0076

0.1799



Lifestyle factor
Sedentary time
Normal

Over

Alcohol use
problem(AUDIT-C)
Never or
moderate

Severe
Smoking

Nonsmoker or
Ex-smoker

Current smoker
Diet

Normal

Overly

Sleep duration
Normal

Less or over

2,834
2,985

3,936
1,883

3,916
1,903

2,819
3,000

4,683
1,136

48.7
51.3

67.6
324

67.3
32.7

48.4
51.6

80.5
19.5

1,384
1,526

1,783
1,127

1,794
1,116

1,440
1,470

2,331
579

48.8
51.1

453
59.9

45.8
58.6

51.1
49.0

49.8
51.0

1,450
1,459

2,153
756

2,122
787

1,379
1,530

2,352
557

51.2
48.9

54.7
40.1

542
414

48.9
51.0

50.2
49.0

0.0835

<0.0001

<0.0001

0.1155

0.4874

4244
3,931

7,574
601

7,763
412

3,118
5,057

6,449
1,726

51.9
48.1

92.6
7.4

95.0
5.0

38.1
61.9

78.9
21.1

2,147
1,941

3,765
323

3,866
222

1,473
2,615

3,162
926

50.6
49.4

49.7
53.7

49.8
53.9

47.2
51.7

49.0
53.7

2,097
1,990

3,809
278

3,897
190

1,645
2,442

3,287
800

49.4
50.6

50.3
46.3

50.2
46.1

52.8
48.3

51.0
46.3

0.2781

0.0622

0.1170

<0.0001

0.0007

“High IR is defined as those who exceed TyG index median(men: 8.71440; women: 8.33878); "Number of poor lifestyle factors include sedentary time, alcohol use,

smoking, diet, sleep duration; “Three groups(white,pink,blue) based on the International Standard Classification Occupations codes; ‘BML: body mass index; obesity
status defined by BMI based on the 2018 Clinical Practice Guidelines for Overweight and Obesity in Korea; ‘Caculated by the KNHANES;
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Table 3. Main results of multiple logistic regression between lifestyle factors

and TyG index

High IR(TyG index)’

Variables Men Women

OR 95% CI OR 95% CI

Number of Poobr
lifestyle factors

0 1.00 1.00

1 1.11 0.86 - 144 1.22 1.02 - 1.45
2 1.45 1.12 - 1.88 1.31 1.09 - 1.56
>3 1.94 1.48 - 252 1.57 1.23 - 1.99
Age

19-29 1.00 1.00

30-39 2.21 1.74 - 2.83 1.53 1.23 - 1.90
40-49 3.54 2.72 - 4.61 2.04 1.65 - 2.52
50-59 3.10 2.38 - 4.03 3.23 2.59 - 4.04
60-69 2.52 1.87 - 339 3.85 2.97 - 498
>70 1.64 1.15 - 233 4.06 2.96 - 5.56
Education level

Middle school or 1.03 082 - 130 1.07 088 - 131
High school 0.98 0.84 - 115 1.15 1.00 - 1.32
College or above 1.00 1.00

Region

Urban area 1.00 1.00

Rural area 1.05 0.92 - 119 1.08 0.97 - 1.21
Household

income(Q4)

Low 1.06 0.82 - 137 1.34 1.09 - 1.65
Mid-low 1.20 1.00 - 143 1.11 0.95 - 1.29
Mid-high 1.03 0.89 - 119 1.04 0.91 - 1.19
High 1.00 1.00

Marital Status

SLI:XL“S% with 1.00 1.00

Snglnsfg without 0.98 082 - 1.8 0.97 0.83 - L2
Occupational

categories

White 1.00 1.00

Pink 0.97 0.78 - 1.20 1.01 0.84 - 1.21
Blue 0.78 0.65 - 093 0.83 0.66 - 1.03
Inoccupation 1.07 0.87 - 132 1.12 0.98 - 1.29



d

BMI

<23 1.00 1.00

23-24.9 1.74 1.49 - 204 2.05 1.79 - 2.35
>25 3.42 2.94 - 398 3.93 345 - 4.48
Physical Activity

Yes 1.00 1.00

No 1.23 1.08 - 1.39 1.20 1.08 - 1.34
Family history of

Diabetes

Yes 1.23 1.05 - 144 1.17 1.03 - 1.34
No 1.00 1.00

Other chronic

disease

Yes 1.23 1.05 - 143 1.21 1.08 - 1.35
No 1.00 1.00

Perceived stress

A lot 1.04 0.90 - 1.21 1.02 091 - 1.15
Not much 1.00 1.00

Year

2016 1.00 1.00

2017 091 0.75 - 111 091 0.77 - 1.07
2018 0.90 0.73 - 111 1.03 0.88 - 1.22
2019 0.81 0.67 - 099 1.00 0.84 - 1.19
000 0.92 0.75 - 113 0.99 0.83 - 1.19

"High IR is defined as those who exceed TyG index median(men: 8.71440; women: 8.33878);
"Number of poor lifestyle factors include sedentary time, alcohol use, smoking, diet, sleep duration;
“Three groups(white,pink,blue) based on the International Standard Classification Occupations codes;
‘BMI: body mass index; obesity status defined by BMI based on the 2018 Clinical Practice
Guidelines for Overweight and Obesity in Korea; ‘Caculated by the KNHANES;
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Table 4. Results of analysis stratified by independent variables

High IR(TyG index)"
Number of Poor lifestyle factors”

Variables None \ 3 or more
Men
OR OR 95% CI OR 95% CI OR 95% CI
Age
19-29 1.00 1.17 0.59 - 2.34 1.55 0.80 - 3.00 1.95 1.00 - 3.82
30-39 1.00 0.97 0.57 - 1.65 1.33 0.80 - 2.22 1.83 1.07 - 3.11
40-49 1.00 1.17 0.70 - 1.96 1.36 0.82 - 2.25 2.23 1.31 - 3.79
50-59 1.00 1.11 0.64 - 1.90 1.65 0.97 - 2.80 2.40 1.37 - 4.21
60-69 1.00 1.58 0.94 - 2.65 2.14 1.28 - 3.58 2.19 1.25 - 3.83
>70 1.00 1.04 0.55 - 1.96 1.31 0.70 - 2.46 1.51 0.75 - 3.04
Education level
Middle school o o 126 0.70 - 226 1.51 0.84 - 2.68 2.02 111 - 3.66
High school 1.00 1.23 0.83 - 1.82 1.70 1.16 - 2.50 2.18 1.46 - 3.25
College or above 1.00 1.12 0.82 - 1.54 1.46 1.07 - 1.98 1.99 1.44 - 2.76
Region
Urban area 1.00 1.18 0.91 - 1.55 1.52 1.17 - 1.98 1.91 1.44 - 2.52
Rural area 1.00 1.20 0.79 - 1.82 1.59 1.06 - 2.39 2.45 1.61 - 3.74
Household
income(Q4)



Low

Mid-low
Mid-high
High

Marital Status
Living wtih
spouse

Living without
spouse

Occupatiocnal
categories

White

Pink

Blue
Inoccupation
BMI'

<23

23-24.9

>25

Physical Activity”
Yes

No

Family history of
Diabetes

1.00
1.00

1.00
1.00

1.00

1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00

2.61
1.20

1.20
0.97

1.21

1.07

0.99
1.14
1.39
1.16

1.17
1.22
1.17

1.36
0.99

0.75

0.80
0.66

0.93

0.68

0.66
0.58
0.95
0.71

0.76
0.82
0.82

1.01
0.70

6.13
1.90

1.79
1.42

1.57

1.68

1.48
2.24
2.04
1.91

1.83
1.82
1.67

1.84
1.38

2.17
2.08

1.45
1.31

1.48

1.65

1.40
1.71
1.81
1.30

1.87
1.59
1.36

1.78
1.28

0.94
1.32

0.98
0.90

1.07

0.95
0.88
1.24
0.80

1.22
1.07
0.96

1.32
0.91

5.02
3.28

2.14
1.91

1.92

2.56

2.07
3.32
2.65
2.13

2.86
2.37
1.94

2.39
1.78

2.11
2.23

2.03
2.07

2.11

1.92

1.87
1.98
2.37
1.75

2.36
2.19
1.79

2.03
2.02

0.89
1.38

1.34
1.39

1.61

1.23

1.24
0.99
1.58
1.05

1.51
1.43
1.24

1.48
1.43

4.98
3.61

3.07
3.07

2.78

3.00

2.81
3.95
3.55
2.93

3.70
3.34
2.58

2.79
2.86



Yes 1.00 0.99 0.56 ; 1.74 1.96 1.14 ; 3.39 257 1.46 - 452
No 1.00 1.23 0.97 ] 158 1.49 1.17 ; 1.90 2.00 1.55 - 2.58
Other chronic
disease
Yes 1.00 1.55 1.00 ) 1.92 123 ; 298 223 1.40 - 3.57
No 1.00 1.06 0.82 ; 138 1.42 1.10 ; 1.84 1.99 1.52 - 2.60
Perceived stress
A lot 1.00 130 0.78 - 216 138 0.84 ; 225 2.08 1.26 ) 3.42
Not much 1.00 115 0.89 ] 1.48 158 123 ; 2.03 2.05 157 ) 2.67
Women

OR OR 95% CI OR 95% CI OR 95% CI
Age
19-29 1.00 1.60 0.86 2.97 1.58 0.86 2.91 2.82 1.49 5.35
30-39 1.00 111 0.78 1.60 127 0.88 1.84 1.80 1.12 2.88
40-49 1.00 1.06 0.80 ; 1.40 1.19 0.88 ; 1.61 0.99 0.64 - 1.54
50-59 1.00 1.04 0.78 ; 1.40 1.03 0.75 ; 1.40 0.87 0.56 - 1.37
60-69 1.00 1.26 0.87 ; 1.84 151 1.02 ; 224 .84 1.05 - 3.23
>70 1.00 1.57 0.80 - 3.09 1.72 0.88 ; 3.35 1.90 0.89 - 4.06
Education level
Middle school o g 1.02 0.71 - 1.46 1.24 0.85 ; 1.80 1.09 0.69 - 171
High school 1.00 131 1.03 - 1.68 136 1.05 ; 1.76 1.73 125 - 239
College or above  1.00 1.08 0.86 ; 135 115 0.91 ; 1.45 1.48 1.07 - 2.04



Region
Urban area
Rural area

Household
income(Q4)

Low

Mid-low
Mid-high
High

Marital Status
Living wtih
spouse

Living without
spouse
Occupa_tiocnal
categories
White

Pink

Blue
Inoccupation

BMI’

<23
23-24.9
>25

1.00
1.00

1.00
1.00
1.00
1.00

1.00

1.00

1.00
1.00
1.00

1.00

1.00
1.00
1.00

1.14
1.12

1.18
1.13
1.11
1.15

1.09

1.38

1.10
1.06
1.35

1.14

1.14
1.26
1.05

0.95
0.87

0.70
0.84
0.85
0.90

0.93

0.97

0.82
0.74
0.90

0.91

0.93
0.93
0.77

1.37
1.43

1.99
1.54
1.46
1.47

1.29

1.97

1.49
1.50
2.04

1.42

1.39
1.71
1.44

1.25
1.19

1.29
1.32
1.20
1.20

1.17

1.55

1.24
0.85
1.97

1.26

1.25
1.30
1.18

1.03
0.92

0.77
0.96
0.91
0.93

0.98

1.09

0.91
0.58
1.28

0.99

1.01
0.94
0.86

1.51
1.54

2.16
1.81
1.59
1.55

1.39

2.21

1.69
1.25
3.04

1.59

1.55
1.80
1.64

1.53
1.34

1.23
1.46
1.68
1.41

1.32

1.90

1.37
1.61
1.69

1.46

1.42
1.86
1.33

1.19
0.96

0.69
0.97
1.16
0.98

1.03

1.28

0.93
0.95
0.90

1.08

1.08
1.18
0.88

1.97
1.86

2.21
2.19
2.45
2.02

1.70

2.81

2.02
2.71
3.15

1.97

1.88
2.92
1.99



Physical Activity”

Yes 1.00 1.13 0.92 - 1.39 1.29 1.03 - 1.61 1.35 1.00 - 1.82
No 1.00 1.14 0.93 - 1.41 1.20 0.97 - 1.49 1.58 1.20 - 2.08
Family history of

Diabetes

Yes 1.00 1.32 0.95 - 1.83 1.38 0.97 - 1.94 1.74 1.12 - 2.70
No 1.00 1.10 0.93 - 1.29 1.20 1.01 - 1.42 1.42 1.13 - 1.78
Other chronic

disease

Yes 1.00 1.01 0.73 - 1.40 1.15 0.82 - 1.60 1.08 0.70 - 1.66
No 1.00 1.17 0.99 - 1.38 1.25 1.05 - 1.49 1.60 1.28 - 2.01
Perceived stress

A lot 1.00 1.36 1.00 - 1.85 1.68 1.22 - 2.31 1.85 1.28 - 2.66
Not much 1.00 1.08 0.92 - 1.28 1.12 0.94 - 1.34 1.35 1.06 - 1.73

"High IR is defined as those who exceed TyG index median(men: 8.71440; women: 8.33878); "Number of poor lifestyle factors include sedentary time, alcohol use,
smoking, diet, sleep duration; “Three groups(white,pink,blue) based on the International Standard Classification Occupations codes; ‘BML: body mass index; obesity
status defined by BMI based on the 2018 Clinical Practice Guidelines for Overweight and Obesity in Korea; ‘Caculated by the KNHANES;
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Table 5. Lifestyle factors independently analyzed

High IR(TyG index)?

Variables’ Men ‘Women
OR 95% CI OR 95% CI
MODEL I
Sedentary time’
<Q2 1.00 1.00
>Q2 1.13 099 - 1.29 1.21 1.08 - 137
Alcohol Use"
AUDIT-C<8 1.00 1.00
AUDIT-C=8 1.54 135 - 1.77 1.61 128 - 201
Smokinge
Never or past 1.00 1.00
Current 1.69 146 - 1.95 1.37 1.05 - 177
Diet'
Normal 1.00 1.00
Excessive carbohydrate or fat 1.00 0.88 - 1.14 1.00 0.89 - 1.13
Sleep duration®
Normal 1.00 1.00
Less or over 0.95 0.80 - 1.12 1.00 0.88 - 1.14
MODEL I

Combination of variables(onl);l the ones
statistically significant above)

None of the poor lifestyle factor

among the three 1.00 1.00

Sedentary time 1.19 099 - 1.42 1.20 1.07 - 135
Sedentary time + Alcohol Use 1.54 121 - 1.95 1.98 .38 - 283
Sedentary time + Smoking 1.85 141 - 242 1.95 123 - 3.08
Alcohol Use 1.60 123 - 2.09 1.75 124 - 246
Alcohol Use + Smoking 2.83 217 - 3.69 1.55 0.86 - 281
Smoking 1.59 127 - 1.99 1.37 091 - 206
Sedentary time + Alcohol Use + Smoking 3.12 234 - 416 2.79 1.50 - 5.16

xAdjusted for other covariates.

aTyG median was men: 8.71440; women: 8.33878; *Number of poor lifestyle factors include
sedentary time, alcohol use, smoking, diet, sleep duration; CSedentary time was calculated using
sitting time during the day divided by the time awaken. Median(Q2) of the sedentary time was half
of the day(calculated ratio was 0.5).; Alcohol use problem was calculated by the Alcohol Use
Disrorders Identification Test-Consumption(AUDIT-C), choosing score 8 as the cut-off score according
to the previous studies; eSmoking behavior was divided as those who never smoked and smoked
conventional cigarette in the past as one group, and those who smoke daily or occassionally now as
the other group; Dietary intake was assessed using the 24-h dietary recall method. Carbohydrate and
fat consumption reflected current dietary cutoff which was recommended by the Korea Ministry of
Health and Welfare and the Korean Nutrition Society. High fat intake corresponded to exceeding
30% of dietary energy intake and high carbohydrate intake corresponded to exceeding 65% of



dietary energy intake. Else, the group was assigned to the normal group; ®Sleep duration was
calculated as the total five-weekday plus two-day-weekend sleep durations divided by 7 days.
Subjects were categorized into two groups: Ehort sleep(<6h) and long sleep(>=9h) duration. Else, the
group was assigned to the normal group; Sedentary time, alcohol use problem, and smoking are
bundled together by combination and analyzed.

tModel I is an analysis of the lifestyle factors(variable of interest) independently.

iModel II is an analysis of variables combined in every possible cases of sedentary time, alcohol
use, and smoking. Following varaibles are selected, for they were the statistically significant variables
when separately analyzed above.
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Table 6. Results of analysis by the severity of

diabetes divided into TyG quartiles

High IR (TyG index)

Variables* <Q1 Q1-2 Q2-3 Q34
OR OR 95% CI OR 95% CI OR 95% CI
Men
Number of
Poor lifestyle
factors
None 1.00
1 1.05 0.77 - 1.42 0.98 0.70 - 1.36 1.41 0.93 - 2.13
2 1.31 0.98 - 1.76 1.34 0.97 - 1.85 2.27 1.53 - 3.37
>3 1.24 0.89 - 1.72 1.67 1.18 - 2.37 3.01 1.97 - 4.58
‘Women
Number of
Poor lifestyle
factors
None 1.00
1 1.01 0.83 - 1.24 1.13 0.89 - 1.43 1.38 1.08 - 1.77
2 1.17 0.94 - 1.46 1.26 0.99 - 1.61 1.66 1.28 - 2.16
>3 1.36 1.02 - 1.80 1.74 1.27 - 2.37 2.02 1.46 - 2.78

[Men] QI: 830202, Q2: 8.71440, Q3: 9.13146
[Women] QI: 7.97384, Q2: 8.33878, Q3: 8.74034

*Adjusted for all other covariates
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ABSTRACT

Association between lifestyle factors and insulin resistance using

Triglyceride and Glucose Index

Min Hee Kim
Graduate School of Public Health

Yonsei University

(Directed by Professor Eun-Cheol Park, MD, PhD)

Background: Prevention and management of diabetes is essential for
achieving reduction in the risk of prevalence and premature mortality from
type 2 diabetes globally. Insulin resistance is well known as a useful marker
of future type 2 diabetes in that the emergence of insulin resistance, 1-2
decades precedes before type 2 diabetes mellitusis is diagnosed. Improving
insulin resistance could prevent the onset of type 2 diabetes. Recently,
various studies have reported that lifestyle risk factors, such as sedentary
time, smoking, alcohol consumption unhealthy eating habits, physical
inactivity increase the risk of insulin resistance. Many studies have shown
the prevalence of single or double-risk factors and their association with
insulin resistance. Therefore, this study investigated the association of overall

lifestyle factors with insulin resistance.



Methods: The data of this study was deprived from the 2016-2020 Korea
National Health and Nutrition Examination Survey (KNHANES). Individuals
who were younger than 19 years of age and who were diagnosed with
diabetes mellitus from doctors were excluded. Finally, 13,994 particitpants
(men: 5,819, women: 8,175) were selected for analysis. The interesting
variables in this study were the number of unhealthy lifestyle among five
lifestyle factors(dietary intake, smoking status, alcohol use disorders, sleep
duration and sedentary time), and the dependent variable was insulin
resistance(TyG index). there were independent variables such as demographic
factors, socioeconomic factors, and health-related factors to determine
factors related to lifestyle factors and insulin resistance. To identify the
association between lifestyle risk factors and insulin resistance, Basic
statictical analysis, Chi-squared test, Multiple logistic regression analysis and

Multinomial logistic regression analysis were performed.

Results: According to the general characteristics of the men group,
443(7.6%) did not have lifestyle risk factors, 1,735(29.8%) had one lifestyle
risk factor, 2,155(37%) had two lifetyle risk factors, and 1,486(25.5%) had
three or more lifestyle factors. In the women group, 1,106(13.5%) did not
have lifestyle risk factors, 3,403(41.6%) had one lifestyle risk factor,
2,787(34.1%) had two lifetyle risk factors, and 879(10.8%) had three or more
lifestyle factors. In the results of the multiple logistic regression analysis
stratified by sex of the association between the number of lifestyle risk
factors and insulin resistance, Men with more than two lifestyle risk factors
had a higher OR for high insulin resistance(two lifestyle factors: OR=1.45,
95% CI: 1.12-1.88: over three lifestyle factors: OR=1.94, 95% CI: 1.48-2.52).

Women with more than one lifestyle risk factor had a higher OR for high



insulin resistance(one lifestyle factor: OR=1.22, 95% CI: 1.02-1.45; two lifestyle
factors: OR=1.31, 95% CI: 1.09-1.56; over three lifestyle factors: OR=1.57, 95%
CI: 1.23-1.99). According to the findings stratified by variables of unhealthy
lifestyle, Participants who sat longer were more likelihood of high insulin
resistance among women(OR=1.21, 95% CI: 1.08-1.37). Current smokers were
associated with a high insulin resistance in both men and women(men:
OR=1.69, 95% CI. 1.46-1.95; women: OR=1.37, 95% CI: 1.05-1.77). Also,
Participants who had AUDIT-C score more than 8 for both sexes tended to
be a high insulin resistance(men: OR=1.54, 95% CI: 1.35-1.77. women:
OR=1.61, 95% CI: 1.28-2.01).

Conclusions: This study found a significant association between the number
of lifestyle risk factors and insulin resistance in Korean adults. The greater
the number of lifestyle risk factors, the higher insulin resistance in both
sexes. Further, Heavy drinking and Current smoking tended to exhibit
increased likelihood of high insulin resistance. Also, Sedentary time had
association with insulin resistance. Therefore, National Health policies
preventing diabetes should focus on specific lifestyle risk factors for
intervention. When evaluating people’s insulin resistance, the number of

unhealthy lifestyle behaviors should be considered.

Keywords: Lifestyle, Insulin resistance, TyG index, Diabetes



