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Health Behavior Factors Related Type 2 Diabetes by Obesity for Health Promotion in Adolescents

Kyung-Won Paek’, Ki-Hong Chun®

"Division of Social Welfare, Baekseok University
ZDepartment of Preventive Medicine and Public Health, Ajou University: and School of Public Health

ABSTRACT

Purpose: Several health behavior factors affect the incidence of type 2 diabetes. Especially, obesity, which causes
insulin resistance, is the most important determinant of diabetes. Therefore, we expect the risk factors associated with
insulin resistance and type 2 diabetes are affected by obesity and, additionally, the related factors with diabetes caused
by obesity can be controlled.

Methods: This study used data collected from the 2001 Korea National Health and Nutrition Examination Survey
(KNHANES). A stratified multistage probability sampling method was applied and the final sample included 5,500
subjects over 30 years old who had completed necessary health examinations and health behaviors survey.

Results: The risk factors associated with type 2 diabetes are affected by obesity. According to logistic regression
model stratified by body mass index (BMI) and sex, abdominal obesity and age were the significant risk factors of
diabetes regardless of sex and BMI. However, drinking, smoking, total energy consumption, and protein consumption
were risk factors for women with normal BMI, while carbohydrate consumption was a risk factor for man with normal
BMI. Sleeping hours affected diabetes for women with obesity and fiber consumption was a risk factor for both
women and men with obesity. In addition, statistically the family history of diabetes was a significant risk factor only
in the group with normal weight, not in the group with obesity.

Conclusion: The study results will provide information for implementing a regional initiative of type 2 diabetes
prevention by BMIL
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{Table 1). Prevalence of diabetes by general characteristics of subjects

Men (n=2,410) Women (n=3,090)
BMI(25 BMI=>25 BMI(25 BMI=25
normal diabetic normal  diabetic normal diabetic  normal diabetic
Demographic factors
Age 30-49 663(94.9) 36(51) 370(91.8)  33(82) 1.065(97.4)  29(27) 309(936)  21(64)
50-64 440(90.4)  47(9.7) 225(856) 38(145)  490(94.6)  28(54) 292(854)  50(14.6)
65+ 352(86.1) 57(139) 116(80.6) 28(194) 416(849) 74(15.1) 239(756) 77(24.4)
x*(p-value) 25.93 (£0.001) 14.33 (£0.001) 90.59 (<0.001) 41.1 (€0.001)
' no 1.343(91.7) 122(83) 623(881) 84(11.9) 1777(941) 111(59) 762(858) 126(14.2)
%E%gisf ves 117(867) 18(133) 88(85.4) 15(146) 194(907)  20(94) 78(780) 22(22.0)
X*(p-value) 3.879 (0.049) 0.60 (0.437) 3.95 (0.047) 4.306 (0.038)
Abdominal M© 1,363(92.0) 119(8.0) 271(928) 21(7.2) 1487(96.0)  62(40) 89(9%67)  3(33)
obesity g 97(82.2) 21(17.8) 440(849) 78(151)  484(87.5) 69(125) 751(838) 145(162)
X(p-value) 13.06 (£0.001) 1077 (0.001) 50.09 (<0.001) 10.94 (<0.001)
Socioeconomic factors
Education (elementary ~ 272(855) 46(14.5) 101(828) 21(17.2)  591(89.0) 73(11.0) 333(785) 91(215)
Level jumior or 747(913) 71(87) 364(87.5) 52(125)  980(95.6)  45(4.4) 447(89.6)  52(10.4)
dcollege 441(95.0)  23(50) 246(90.4)  26(96)  400(969)  13(32) 60(923)  5(7.7)
X*(p-value) 21.38 (£0.001) 4.66 (0.097) 38.44 (<0.001) 24.84 (£0.001)
Income  <=100 500(89.0) 62(11.0) 201(84.1) 38(159)  679(90.7)  70(9.4) 344(8L3) 79(18.7)
101-300 835(92.7)  66(7.3) 442(90.0) 49(10.0) 1.094(95.6)  51(45) 438(88.3) 58(1L.7)
»=301 125(91.2)  12(88) 68(85.0) 12(150) 198(952) 10(48) 58(841) 11(15.9)
x*(p-value) 5.96 (0.051) 5.89 (0.053) 19.34 (€0.001) 8.79 (0.012)
Psychosocial factors
Stress severe 451(90.7)  46(9.3) 233(87.6) 33(124)  601(93.8)  40(62) 283(855) 45(14.5)
moderate 633(934) 45(66) 301(885) 39(1L5)  902(94.6)  52(55) 347(865)  54(13.5)
never 250(88.3) 33(11.7) 122(865) 19(135)  356(925)  29(75) 152(804)  37(19.6)
X*(p-value) 7.02 (0.030) 0.39 (0.821) 210 (0.350) 388 (0.143)
severe 276(885) 36(11.5) 114(82.6) 24(174)  412(875) 59(125) 247(77.7)  71(22.3)
gf‘“g:;ﬁh moderate 743(92.6)  59(7.4) 367(889) 46(111) 1032(961) 42(39) 404(888) 51(112)
never 314(916)  29(85) 175(89.3) 21(10.7)  414(954)  20(46) 133(887) 17(11.3)
X*(p-value) 5.05 (0.080) 432 (0.116) 4454 (£0.001) 20,03 (£0.001)
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{Table 2). Prevalence of diabetes by health behavior factors and dietary factors of subjects

Men (n=2,410) Women (n=3,090)

BMI<25 BMI>=25 BMI<25 BMI>=25
normal diabetic normal diabetic normal diabetic normal diabetic
Health behavioral factors

Current smoking no 249(94.0) 16(6.0)  146(89.0)  18(11.0)  1,740(94.4) 104(5.6) 740(85.4) 127(14.7)
yes 1,087(91.0) 108(9.0) 510(87.5)  73(12.5) 120(87.6)  17(12.4) 44(78.6) 12(21.4)

X*(p-value) 2.51 (0.113) 0.286 (0.593) 10.19 (0.001) 1.89 (0.169)
Alcohol heavy 857(91.6) 79(8.4) 451(88.4)  59(11.6) 458(95.2)  23(4.8) 180(89.1) 22(10.9)
consumption moderate 197(90.8) 20(9.2) 82(91.1) 8(8.9) 632(97.1)  19(2.9) 241(89.3) 29(10.7)
none 282(91.9) 25(8.1)  123(83.7)  24(16.3) 770(90.7)  79(9.3) 363(80.5) 88(19.5)

X! (p-value) 0.20 (0.906) 3.452 (0.18) 28.15  (<0.001) 13.67 (0.001)
Exercises no 929(91.2) 90(8.8) 400(87.9)  55(12.1)  1,373(93.3)  98(6.7) 577(84.6)  105(15.4)
yes 405(92.3) 34(7.7)  256(87.7)  36(12.3) 486(95.5)  23(4.5) 206(85.8) 34(14.2)

X (p-value) 0.47 (0.495) 0.010 (0.922) 3.03 (0.082) 0.210 (0.647)
Sleeping hours <=5 273(88.6) 35(11.4)  126(82.4)  27(17.7) 368(91.3)  35(8.7) 185(81.5) 42(18.5)
6-7 760(92.8) 59(7.2)  391(89.3)  47(10.7)  1,051(95.0)  55(5.0) 418(86.0) 63(14.0)
>=8 427(90.3) 46(9.7) 194(88.6)  25(11.4) 552(93.1)  41(6.9) 237(86.2) 38(13.8)

X:(p-value) 5.650 (0.059) 5.238 (0.073) 7.622 (0.022) 2.875 (0.238)
Physical activity minor 600(91.7) 54(8.3)  292(88.0)  40(12.1) 964(92.2)  82(7.8) 391(81.8) 87(18.2)
moderate 480(92.5) 39(7.5)  256(86.8)  39(13.2) 811(95.6)  37(4.4) 336(88.2) 45(11.8)
heavy 255(89.5) 30(10.5)  107(90.7) 11(9.3) 83(97.7) 2(2.4) 56(90.3) 6(9.7)

X!(p-value) 2.21 (0.331) 1.21 (0.547) 12.05 (0.002) 8.26 (0.016)
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Men (n=2,410) Women (n=3,090)
BMI<25 BMI>=25 BMI<25 BMI>=25
normal diabetic normal diabetic normal diabetic normal diabetic
Dietary factors
) b, Q 227(90.8) 23(9.2)  94(839)  18(16.1) 361(92.6)  29(7.4) 167(82.7)  35(17.3)
Total calorie/RDA
Q 251(87.8)  35(122)  110(88.0) 15(12.0) 342(94.0) 22(6.0) 151(83.9)  29(16.1)
Q3 256(92.1) 22(7.9)  127(90.1)  14(9.9)  331(91.4)  31(8.6) 147(85.5)  25(14.5)
Q4 275(93.2) 20(6.8) 123(89.1)  15(10.9)  336(96.0) 14(4.0)  153(89.0) 19(11.1)
Q5 256(93.1) 19(6.9) 154(90.1) 17(9.9) 351(95.6) 16(4.4)  115(83.3) 23(16.7)
Xz(ﬁvalue) 7.34 (0.119) 3.13 (0.536) 9.67 (0.046) 3.42 (0.490)
Total fat/cal Q1 217(91.2) 21(8.8) 83(90.2) 9(9.8) 383(91.2) 37(8.8) 179(83.3) 36(16.7)
Q2 253(89.1) 31(10.9) 121(84.6)  22(15.4)  336(93.9) 22(6.2) 148(82.7) 31(17.3)
Q3 259(91.8) 23(8.2) 140(92.1) 12(7.9) 335(95.2) 17(4.8) 152(84.9) 27(15.1)
Q4 262(91.6) 24(8.4) 133(85.3)  23(14.7)  337(94.4) 20(5.6)  147(89.1) 18(10.9)
Q5 284(93.4) 20(6.6) 138(90.8) 14(9.2) 352(94.9) 195.1)  117(85.4) 20(14.6)
Xz(ﬁvalue) 3.64 (0.458) 6.72 (0.152) 7.03 (0.134) 3.43 (0.489)
Total Q1 333(90.5) 35(9.5) 148(88.1)  20(11.9)  297(94.9) 16(5.1) 96(82.8) 20(17.2)
carbohydrate/cal () 303941)  195.9)  1420905)  1509.6) 319933) 23(6.7) 1310L6)  12(9.4)
Q3 243(91.0)  24(9.0)  13288.6) 17(114) 362(95.8) 16(4.2) 141(82.5)  30(17.5)
ol 208(89.8)  26(102)  115(85.8) 19(142) 345094.3) 21(5.7) 183(87.1)  27(12.9)
Q5 168(91.8)  15(80.2)  78(89.7)  9(10.3)  420(91.5)  39(8.5) 192(81.7)  43(18.3)
Protein X (p-value) 435 (0.361) 1.67 (0.796) 7.62 (0.106) 8.94 (0.063)
Q1 157(89.7)  18(10.3)  62(87.3)  9(12.7)  427(92.2)  36(7.8) 207(80.9)  49(19.1)
Q2 194(89.4) 23(10.6) 78(83.9) 15(16.1)  418(93.9) 27(6.1)  182(87.1) 27(12.9)
Q3 25091.2)  24(8.8)  12001.6)  11(84)  35993.5) 25(6.5) 153(86.4)  24(13.6)
ol 29591.3)  28(8.7)  152(84.0) 29(16.0) 29496.4) 11(3.6) 134(86.5)  21(13.6)
Q5 379(93.6) 2664)  203(92.7)  16(7.3)  245(93.9)  16(6.1)  67(85.9)  11(14.1)
Fiber X (p-value) 422 (0377) 10.71 (0.030) 559 (0.231) 4.72 (0.317)
Q1 214(90.7) 22(9.3)  65(823)  14(17.7)  441(93.2)  32(6.8) 160(812)  37(18.8)
Q2 232(88.6) 30(11.5) 91(82.7) 19(17.3)  365(93.6) 25(6.4)  158(84.5) 29(15.5)
Q3 256(92.8)  20(73)  1S3BLI)  15(89)  32093.3)  23(6.7) 168(85.7)  28(14.3)
ol 268(91.8)  24(82)  152091.6)  14(34)  316(93.8) 21(62) 130(89.0)  16(11.0)
Q5 305(93.0) 23(7.0)  156(90.7)  16(9.3)  301(95.6)  14(44) 127(852)  22(14.8)
X (p-value) 464 (0327) 9.41 (0.047) 2.11 (0.715) 4.18 (0.383)
Y RDA: Recommended Daily Allowance
B A4F tin] quyx] JAREe] 2555 9 6. M H[TF o{F0f| m}E SHizH R WS
=W FHES Hhste 4TS B0 g e 2ol
NATE AxF HIRE e A Aol ald T HF 4, HIRE o e wet G HEdo] )
o BEAol EANHOR folg AL YT B QASL slota] s 2A4Y HARALS o] 4s
oA IR ARl T AT Aoldfel tal 3 Aok
i fRoe] BN FANH O s, Jue] PRAZIET vnE BE Ay
W Aol fel HAde] B el §  Fulvre] sbg AEE @aglelgon] Aol
MES EASHOR folahl gasnt (E 2 S5 T fuEe] AL, AL 4
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A vk e 2F 30-444 Aol ek 654 Atk
olFel Bty 1 WA (odds ratio) 7} &Al 84 Ao 2lollM e Al WA A the &=
oz fFoaA w=dth @A AATHEANME she AFH e BlEo] @7k AdATHTNA A
30-44A410 W] 45-59A1¢] P FH W7} Hoz folsidletl, grsEe] 43 el =<
1.83 (95% CI: 1.01-3.29), 6541 °]’d2 4.00 (95% T I FHES Sokxlth
CI: 2.00-8.01)°lolA Aol F7iedel weh T AA AFA AF el e a3 vls
FHEC] FeA EokAW, @A vt el A= < AR AEAFHGAAT FAFH LR {25k
30-44A1°ll ThEk 45-5941 9] BIxHH = FASH LR =, 9d Aol geTs TRl FHE0l
ofshA] e49kal, 66A1 ool BW #1 wAH|= A2 otk AT BlE 1/62 91 thadtel vl
2.74 (9% CI: 117-642)E FAHCE fFolstad 3 2/5%915 (OR: 2.86, 95% CI 1.14-7.23), 4/5%5]
O} AAAFH vl gk 4 (OR: 7.24, 95% CI 1.82-28.81) Ao d=®
SRuRke] A GAAIFolet strgke ERu WEol mokde & o AT
of Jlow IA k2 Aol s T FH vl o] Afa A dalMe B BEF v
2] 7E 28 o] =R FASHH2E frolsiith AN Frolsted HAF vl ol M= Aol A
WU B ovinbggtell A BRunke gy fyol 25 1/6%9s AFske fael vsl 26291
A FFE vIHoH, BAHIE E8tT 53] ofAb= (OR: 0.35, 95% CI 0.13-0.94), 3/5&=915 (OR: 0.38,
GG BERA|Te] R I aA #A#He] s A 9% CI 0.13-1.71), 4/5%915 (OR: 045, 95% CI
oz usith 0.16-1.28) AHst= Aete] T FHEC] A
T 7EEE 9d BT ARSI Ho® frofaiA vkt AR v Eol M= 1/6%
T FHE FASHR Fo7 ddAdol AU A AFske oAkl vlsl 3/58 914 (OR: 0.52,
of v SASH R folgk AFHE HolA 95% CI 0.24-113), 4/5&915 (OR: 0.63, 95% CI
ol vt Afols 3l 7HEEs 3ol & 0.29-1.38) & A st= thd#te] d=d fFHEC] 5
ol SATHLR fosiA ¥e AoE ysith At oz fFolsiA Soktt (F 3).
ARl e A 2Rle] A7 HE A o2k B[Rk
ok FARe] Aol i AHA=TE 2 A N3 &
HHAAETE AL gl vs) daw fFHEC] F
Ao R frolatAl Eokom, Wale vluhygthel A AR AgFHe A2Y TN HAdAde =
SF 27l Wi A= FeR F1E FAH olH, A &F H= (physical inactivity) &= 1%
o7 fod ddde Eloh vk AF e old e S wE5EE SV
A7 79 FAo] oA AT A ool thEEe] ATl e AAsEd Holsd
T gey FHES FASHCR fFolsAl ol Ztzke] 2913 ey A Ae] AE e weteidle
AT FFE A9 vHive Jde] gy 14 dl, AAlH ez 7jele] 7B e 7ol ek o4
go] A8 wAlA] g ekl vls) W%y, FA ol met Ao] 2 AMEEE A2 2R HdA
A F9E st WA 98 A G oA o] itk ol & Fol Al et #Aalo] =oF 54 st
of vlsl Tw FHEC] ®ohh A e WA ARGl E A5 o glem, =
TR G2 v oM SAH o f g ol2A FAF B ks dd e Aotk
oAl FHAzko] 5A1ZE ofshel T Atel] Hlal 2ol B ARFAL oty HLW|RH FAHE
6-7TAZ) oAkl B /Y WIAZE 034 Ao, ool thit /Hde Fal vitE AWE 5 Q)
(95% CI: 0.16-0.73) ©] 3L, 8A1ZF o] 0.36 (95% oh Bk A2d Frel A Adacion, &
CI: 015-0.82) 1At =, Azl AW Pty of B i mivk2 Aol Hwke g olojd g0
HEol FAIHOE fos Hre A & 3 E7] wjzoll ol that g2 - F2skrh ol
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{Table 3). Factors affecting on diabetes by obesity

Variables

Men (n=2410)

Women (n=3,090)

normal (BMI{25)

abnormal (BMI>25)

normal (BMI{25)

abnormal (BMI>25)

OR" (95% CI?)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Demographic factors
Age 1
Age 2
Family history of DM
Abdominal Obesity

Socioeconomic factors

Education Level 1

Education Level 2

Income 1

Income 2
Psychosocial factors

Stress 1

Stress 2

Concern of health 1

Concern of health 2

Health behavioral factors
Alcohol consumption 1
Alcohol consumption 2

Current smoking

Exercises

Physical activity 1

Physical activity 2

Sleeping hours 1

Sleeping hours 2
Dietary factors

Total calorie 1

Total calorie 2

Total calorie 3

Total calorie 4

Total fat 1

Total fat 2

Total fat 3

Total fat 4

Total carbohydrate 1

Total carbohydrate 2

Total carbohydrate 3

Total carbohydrate 4

Protein 1

1.83°(1.01-3.29)
4,007 (2.00-8.01)
2477 (1.29-4.71)
2.01(1.08-3.75)

0.83 (0.48-1.45)
0.64 (0.30-1.35)
1.05 (0.65-1.72)
223" (0.99-4.98)

0.98 (0.55-1.73)
1.31 (0.73-2.36)
1.05 (0.61-1.82)
1.19 (0.64-2.19)

1.07 (0.87-1.31)
1.20 (0.67-2.12)
1.41 (0.76-2.59)
0.96 (0.83-1.12)
1.13 (0.68-1.87)
1.56 (0.88-2.75)
0.97 (0.51-1.86)
1.26 (0.65-2.45)

1.35 (0.67-2.72)
0.79 (0.35-1.79)
0.68 (0.28-1.68)
058 (0.20-1.65)
1.27 (0.63-2.56)
0.92 (0.41-2.04)
0.95 (0.42-2.18)
0.66 (0.27-1.60)
049 (0.25-0.99)
0.69 (0.34-1.41)
054 (0.25-1.17)
038" (0.14-1.00)
1.28 (0.57-2.86)

1.92 (0.95-3.90)
2.74°(1.17-6.42)
2.12 (0.99-4.56)
285 (1.43-5.67)

0.76
0.62
0.77
1.03

0.36-1.62)
0.24-1.58)
0.40-1.51)
0.35-3.01)

—~ o~~~

1.00
0.83
147
273

—~

0.48-2.10)
0.37-1.85)
0.71-3.05)
1.21-6.16)

—_~

097 (0.35-2.72)
098 (0.48-2.00)
1.05 (0.53-2.09)
1.01 (057-1.81)
1.19 (0.64-2.21)
0.67 (0.28-1.64)
034" (0.16-0.73)
036" (0.15-0.82)

0.86 (0.33-2.24)
045 (0.4-1.41)
0.76 (0.23-2.47)
0.80 (0.23-2.79)
2.01 (0.70-5.74)
0.97 (0.28-3.40)
2.83 (0.79-10.17)
0.96 (0.24-3.80)
031" (0.12-0.81)
049 (0.18-1.34)
059 (0.17-2.05)
0.46 (0.10-2.05)
1.53 (0.49-4.79)

1.76 (0.90-3.42)
3.63 (1.67-7.90)

296" (1.61-5.43)
256 1(1.63-4.02)

1.38 (0.73-2.59)
1.29 (0.51-3.24)
0.85 (0.52-1.39)
1.30 (0.56-3.03)

1.19 (0.68-2.09)
099 (0.54-1.82)
1.06(0.56-2.03)
272" (141-5.25)

041" (0.23-0.74)
0.79 (0.44-1.40)
212" (1.10-4.09)
0.71 (0.41-1.24)
0.83 (0.52-1.34)
0.42 (0.09-1.88)
0.77 (0.42-1.38)
1.15 (0.61-2.15)

080 (0.40-1.61)
118" (0.54-2.56)
0.39 (0.15-1.00)
0.27 (0.09-0.82)
110 (053-2.27)
117 (0.47-2.94)
1.43 (0.51-3.97)
1.71 (053-5.59)
145 (0.65-3.28)
0.72 (0.25-2.08)
1.70 (0.52-5.59)
219 (056-8.65)
1.37 (0.64-2.93)

1.92 (0.96-3.84)
3.17 (1.46-6.91)
1.43 (0.74-2.76)
6.03°(1.39-26.24)

0.75 (0.44-1.28)
0.64 (0.20-2.06)
0.91 (0.56-1.45)
1.59 (0.68-3.72)

0.88 (0.51-1.51)
0.75 (0.42-1.35)
113 (057-2.24)
2.01" (1.01-4.00)

0.72 (0.43-1.22)
0.73 (0.39-1.37)
1.01 (0.46-2.25)
1.23 (0.74-2.04)
1.02 (0.64-1.63)
0.62 (0.22-1.72)
0.81 (0.47-1.39)
0.78 (0.43-1.41)

1.23°(0.64-2.34)
1.03 (0.46-2.29)
0.88 (0.35-2.22)
1.09 (0.37-3.23)
1.62 (0.81-3.22)
1.33 (0.57-3.08)
1.29 (0.46-3.63)
1.92 (0.58-6.35)
057 (0.23-1.43)
1.32 (0.49-3.60)
0.77 (0.24-2.42)
1.18 (0.31-4.50)
0.84 (0.42-1.67)

Protein 2 1.14 (0.46-2.79) 150 (0.41-5.45) 286 (1.14-7.23) 0.97 (0.41-2.31)
Protein 3 1.41 (0.52-3.88) 3.01 (0.74-12.21) 1.87 (0.56-6.20) 1.50 (0.51-4.39)
Protein 4 1.26 (0.40-4.00) 0.85 (0.17-4.33) 724" (1.82-2881) 1.10 (0.26-4.53)
Fiber 1 1.15 (0.59-2.25) 0.88 (0.35-2.25) 1.27 (0.69-2.35) 0.72 (0.38-1.36)
Fiber 2 0.89 (0.42-1.88) 035 (0.13-0.94) 1.20 (0.61-2.35) 0.63 (0.33-1.20)
Fiber 3 0.87 (0.40-1.87) 038" (0.13-1.71) 0.95 (0.47-1.93) 052" (0.24-1.13)
Fiber 4 097 (0.45-2.11) 0.45 (0.16-1.28) 0.70 (0.30-1.61) 0.63 (0.29-1.38)

10,05, " p<0.01, " p<0.001” Odds Ratio.” Confidence Interval

Agel, 45<age<59: Age?2, 60<age(reference, 30<age<44): Education levell, junior or high school: Education level 2,
> =college(reference, Yelementary) Incomel, 101-300: Income?2, » =300(reference, »100) : Stressl, moderate: Stress2, severe
(reference, never): Concern of healthl,moderate: Concern of health?, severe: Alcohol consumptionl, moderate: Alcohol
consumption?, heavy (reference, none) physical activityl, moderate: physical activity?2, heavy(reference, minor): sleeping
hoursl, 6-7hr: sleeping hours2, »=8hr(reference, {=>5hr). dietary factors are divided with quintiles(reference, 1 quintile)
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