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Objectives : It is known that the prevalence of diabetes
mellitus(DM) appears to be rapidly increasing in recent times in
Korea, presumably due to a westernized diet and change of life
style followed by rapid economic growth. Based on the Seoul male
cohort which was constructed in 1993, this study was conducted to
estimate the annual incidence rates of DM through 4 years’ follow
up and to determine which factors are associated with DM risk in
Korean middle-aged men.

Methods : Among 14,533 men recruited at baseline, 559 were
excluded because they reported a history of diabetes or were
found to be diabetes at 1992 routine health examination. During 4
years follow-up, 237 incident DM cases were ascertained through
chart reviews and telephone contacts for those who have ever
visited hospitals or clinics under suspicion of DM during 1993-1996
and the biennial routine health examinations in 1994 and 1996.

Results : In this study the annual incidence of DM among the
study population was estimated to be 0.5 per 100. This study
showed that fasting glucose level at initiai baseline examination
was a powerful predictor of risk for diabetes several years
later(fasting blood glucose of > 110 mg/di compared with < 80

mg/dl, Hazard Ratio[HR]=15.6, 95% Confidence interval[Cl}=9.1-
26.6) after considering potential covariates such as age, family
history, smoking and alcohol history, body mass index, physical
activity, total energy intake, and total fiber intake. Adjusted hazard
ratios of family history of diabetes was 1.95(95% C1=1.38-2.75); of
obesity as measured by BMI(BMI > 25.3 compared with < 21.3)
was 7.19(95% Cl=3.75-13.8); of weight change during middle
life(>10kg compared with < 5) was 1.77(95% Cl=1.16-2.69); of
smoking(current vs none) was 1.93(95% CI=1.06-3.51); and fat
intake(upper tertile compared with lower tertile) was 1.88(95%
CI=1.01-3.49), while fiber intake was associated with the reduced
risk(HR=0.36, 95% CI=0.19-0.67).

Conclusion : The factors identified in this study indicate that the
greatest reduction in risk of diabetes might be achieved through
population-based efforts that promote fiber intake and reduce
obesity, smoking, and fat intake.
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‘ DM ascertained (n=273)

Figure 1. Ascertainment of DM cases during follow-up periods, 1993-1996.
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Table 1. Baseline characteristics for the study population (n=13,983), Seoul Male
DM Follow-up Study, 1993-1996

Selected variables Mean SD
Age 47.6 5.1
Weight(kg) 66.3 8.1
Height(cm) 168.3 5.1
BMI(kg/m?) 234 24
Total cigarette index* 3320 302.8
Weekly ethanol intake(gm/wk) 160.8 240.8
Total energy expenditure(kcal/day) 2,219 375.1
Fasting glucose level(mg/dL) 89.5 133
Serum cholesterol(mg/dL) 199.1 35.8
Total energy intake(kcal/day) 1,609 807.3
Total fat intake(gm) 375 28.6
Total fiber intake(gm) 64 47

* tci = daily cigarettes X total duration({year)

Table 2. 4-year Cummulative incidence and incidence rate of diabetes mellitus
according to age, Seoul Male DM Follow-up Study, 1993-1996

Cumulative Incidence

Age group person person-years No. of cases incidence* density™*
4044 4,853 19,136 81 1.67% 4233
45-49 4,078 16,041 74 1.81% 461.3
50-54 3426 13,307 77 2.25% 578.6
55-59 1,626 5,967 41 2.52% 687.1
All 13,983 54,451 273 1.95% 501.3

* annual cumulative incidence is 0.5 per 100.

** rate per 100,000

Table 3. Hazard ratios* and their 95% confidence intervals(Cls) from Cox propor-
tional hazard models for the association between demographic variables
and DM. Seoul Cohort DM Follow-up Study, Korea, 1993-1996

. Person- No. of Hazard ratio*™*  Hazard ratio*™*
Variables years  Cases (95% Cl) (95% Cl)
Socioeconomic status
upper 14,108 77 1.0 1.0
middle 12,511 65 1.03(0.73-1.48)  1.10(0.65-1.85) .
lower 9,716 60 1.06(0.73-1.54)  1.15(0.66-2.02)
p for trend 0.81 0.65
Education level
0-8 years 9,215 44 1.0 1.0
9-15 years 20,902 114 1.11(0.73-1.70)  1.49(0.79-2.83)
>16 years 22,257 109 0.93(0.54-1.61)  1.32(0.57-3.03)
p for trend 0.65 0.52
Job category
professional, clerk 34,449 177 1.0 1.0
skilled, manual work 18,137 88 0.92(0.63-1.36)  0.96(0.53~1.71)
Marital status
married 52,842 269 1.0 1.0
other 680 3 1.09(0.35-3.46)  1.52(0.37~6.31)

* Adjusted for age, socio-economic status, education, family history of DM, smoking and alcohol drinking
history, body mass index, physical activity, total fat intake, total fiber intake, and baseline blood glucose level.
** Relative risk for the whole follow-up period.
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Table 4. Hazard ratios* and their 95% confidence intervals(Cls) from Cox
proportional hazard models for the association between past medical
history and DM. Seoul Cohort DM Follow-up Study, Korea, 1993-1996

. Person- No. of Hazard ratio**  Hazard ratio***
Variables years  Cases  (95%Cl) (95% Cl)
History of
cardiovascular disease
no 47392 218 1.0 1.0
yes 5,195 45 1.12(0.29-4.36)  0.87(0.12-6.12)
History of hypertension
no 43,561 228 1.0 10
yes 4,305 37 1.12(0.30-4.20)  1.98(0.30-13.2)
History of MI
. 1o 51,760 257 1.0 1.0
yes 903 7 0.98(0.28-3.39)  1.46(0.32-6.68)
History of CVA -
no 52,656 261 1.0 1.0
yes 295 7 2.17(0.57-821)  1.34(0.16~11.6)
DM history among
first degree relatives
no 47,587 217 1.0 1.0
yes 3,949 46 1.95(1.38-275)  2.01(1.20~3.36)

* Adjusted for age, socio-economic status, education, family history of DM, smoking and alcohol drinking
history, body mass index, physical activity, total fat intake, total fiber intake, and baseline blood glucose level.

*#* Relative risk for the whole follow-up period.

##% Relative risk for the follow-up period of * 95" 96 only.
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Table 5. Hazard ratios* and their 95% confidence intervals(Cls) from Cox  oj7to] gato o) o] A3} B3t
proportional hazard models for the association between smoking history 53 1 = e o1giote diato = 3t A

and DM. Seoul Cohort DM Follow-up Study, Korea, 1993-1996 dt = Pima QlHehs do e A

kA ¢ (Knowler et al., 198194 %,

. Person- No. of Hazard ratio*™*  Hazard ratio™** . B, .
Al ol3) S WAL B
Variables years Cases (95% Cl) (95% Cl) o H]Z‘-Loﬂ qg 033 = i Of}‘ﬂ: T
Smoking history , 7h B A Aol va) g BRI}
none 11,926 56 1.0 10 oy 2.3, ¢ FE EF g
ex 14,249 69 LO7(0.72-157)  184(0.97347)  AQo= 39u) Zi¥ BAT0| Z7}ah
current 26,492 141 1.21(0.85-1.72)  1.93(1.06-3.51 . .
T ehe] B g dxgE RS AN
p for trend 0.27 0.05 tha - v =7l o=
3 ] =0 =
Starting age at smoking 3k itk 0]1_ SAA Aolo|u} 7pE7E
none 11,958 56 10 10 of THHE EA Q9] By A
< 19y-0 8,518 40 0.84(0.45-157)  1.45(0.56-3.77) Q1ZI3) OIEL mlx] T ©)o.O TlE
20-24 y-o 23,228 124 0.90(0.52-1.54)  1.68(0.73-3.82) o @ ‘; = e °; i ]; ;‘*L“ = wlE
=) L Z| =
> 25y-0 8,866 49 0.63(035-1.13)  0.750290-197) Ut Stttk Al 28 ®x Aol vlA=
p for trend 0.17 0.62 oA Qol9] ke WEo]el T A
Total no. of cigarettes per day(ea)11 oss “ " " B} 2AA 07 378 9t}). Newmann
none A . i = . cole s
1-10 11454 53 L12074169) 186095364y  o(1987)0] @At A5olE lgee v
11-20 22,786 123 L16(0.81-1.65)  1.88(1.03-344) 3l Lo wEH, 0|5 HSo|E9 HA
21-30 4,062 21 L160.67202) 22401015000 oaio] 474 g AR Solsh o
> 31 1,743 11 1.340.65-277)  143(0.41-5.04) ;;ML 2 EH;LEH;(; ffo]i!
p for trend 0.36 0.08 F3Fo] Tl Fud dx&o] BF
Total duration of smoking(years) 57%% ApolE HolA| ggtot, o 10
none 11,958 56 0o Ol.g ’ " Olé(g); - o] Axgl To= oA el 17.4% 9
1-10 443 17 97(0.54-1.74)  1.07(0.38-2.97 1 olalal o 15166
1120 9,155 38 097061-153) 161079330 13 SEE 8.3%9] dX&s Bof
21-30 19,352 113 1.340093-192)  224(1.224.100 A} 28 Gy Ao FAHF 490]
> 31 A 6,586 35 1.02(%6225-1.69) 1.62(%7012—3.70) AEA ALEm Qe AAET Qrh
pfor tren ) = 83 Bt APA 02 o 7R Eo
Pack-years i - o R -
none 11,958 56 10 1.0 g 743 2| 2Hgenetic markers)7} A 2
1-10 7,386 28 10000.62-162) 138062305 3 wypw wale] olaitin FRE
11-15 6,505 23 0.89(0.53-149)  1.65(0.76-3.59) .
THLHlO
16-20 5,753 28 0.99(0.58-1.68)  2.23(1.06-4.72) ThBell, 1991). 12U} A} 28 Frde]
20-34 13,886 88 1.37(094-2.00) 2140114404  2A AEd FAA 4299 A7V 1
> 35 5,359 32 1.47(0.91-2.38)  2.24(1.02-4.90) 7]@% 01_1_1 -E—”é g] g}aﬁ] 9\}1;}_,—,_ g zl:
p for trend 0.03 0.01 ‘_ ‘_ ] R
* Adjusted f it i ducation, family hi f DM, alcohol drinking hi; bod %’ittﬂ,WeSt-,: OEUB'O] 0]0]] EHSH Xﬂ 263
* Adjusted for age, socio-economic status, education, family history o , alcohol ng history, body mass N . R
index, physical activity, total fat intake, total fiber intake, and baseline blood glucose level. e HAUAY o] 3 A (etiologic
** Relative risk for the whole follow-up period. heterogeneity)I’Jr ﬁ%o} _ﬁ_;ﬂ I Z] X]», e

** Relative risk for the follow-up period of  95- 96 only. ?_‘s}: 01%1%_‘ Z': = 317101] %—L,_’—E]-;?_— OE]O] o}—

717F B E ASE YTk aeu o] B oA QUi Yzt 22 gk b 9tk (West, 1978). 3+
& A7 A BYY] gy A 7HEE TREE 8733 299 F9lo
oo H=& B /b5 3 o] FEE B Ao A A7 P 2 G B ES sole £oF 2
23 37] 93 =3G9tk ARZ A F 05%= 1979-81A 59 45-544] n]Z 3= A& Hr} BAIAG QTE UgS
g FTEATANN &4 TAANHE R Gy THE 0.62%Drury g,

FANAAR Qg vEHoeltt. 1 etal, 1984), S1AAA 604 2 HIQ1e]

B AFdM e FAUEAY & 11% 4 1963-1980 5 HAE 0.49%(Ohlson, 2 ATl A A day W
Tt 3G O FEIF AX ¢x,  1987) 9 Bla Jbsd pEole T 9l AT 4o #EAe] 33 3dAEE B
FAZE FA7|HE WA AEEAS ohomebd fEURtE ofn] AT wTk o] AR A FauY xU|FAL
A7lel FR4AAEE RE A7 HZAE ARE Gxd B FFo] Brp 2 Q) Huld ¢& 22 dHY Wt
AT Zo] ofuet i o3y & RS & T Ut 712 AR WHgEA Bkt FE
A i FAYLAR ol JNd 7)1 AANEF Tl o|3d Ago] & 4 Atk U A-F(Feskens et al,
Fohe ANE 9 AUE AF FA 7] UL AS T B 9ol rl= £ 1990; Rimm et al, 1993) A= £ AT
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Table 6. Hazard ratios* and their 95% confidence intervals(Cls) from Cox pro-
portional hazard models for the association between alcohol drinking
history and DM. Seoul Cohort DM Follow-up Study, Korea, 1993-1996

. Person- No. of Hazard ratio**  Hazard ratio***
Variables years Cases (95% Cl) (95% ClI)
Alcohol drinking history
none 12,740 56 1.0 1.0
ex-drinker 4,493 28 1.21(0.74-1.98)  1.30(0.65-2.63)
current drinker 34,386 182 0.92(0.66-1.27)  0.81(0.50-1.31)
p for trend 0.46 0.28
Total duration of alcohol intake(years)
none 12,740 56 1.0 1.0
<20 10,215 42 0.86(0.56-1.33)  0.83(0.44~1.56)
21-30 18,377 104 1.03(0.72-1.48)  1.04(0.62-1.74)
> 31 8,032 54 0.92(0.60-1.40)  0.58(0.29-1.17)
p for trend 0.95 0.36
Weekly ethanol intake(gm/week)
None 14,793 67 1.0 1.0
<135 16,640 79 0.90(0.63-1.28)  0.66(0.38-1.12)
135- 400 11,252 57 0.86(0.59-1.26)  0.82(0.48-1.41)
> 400 6,118 40 0.93(0.60-1.43)  0.88(0.47-1.62)
p for trend 0.61 0.76

* Adjusted for age, socio-economic status, education, family history of DM, smoking history, body mass index,
physical activity, total fat intake, total fiber intake, and baseline blood glucose level.

** Relative risk for the whole follow-up period.

4+ Relative risk for the follow-up period of " 95- 96 only.

Table 7. Hazard ratios* and their 95% confidence intervals(Cls) from Cox pro-
portional hazard models for the association between physical activity
and DM. Seou! Cohort DM Follow-up Study, Korea, 1993-1996

. Person- No. of Hazard ratio™* Hazard ratio™*
Variables years Cases (95% Cl) (95% Cl)
Total energy expenditure
sedentary 19,163 107 1.0 1.0
moderate 16,600 80 0.99(0.73-1.36)  0.96(0.60-1.54)
active 16,215 77 0.86(0.63-1.18)  1.04(0.66-1.65)
p for trend 0.37 0.87
Weekly frequency of vigorous activity
none 18,923 106 1.0 1.0
1-2 22,142 101 0.90(0.67-1.21)  0.65(0.41-1.03)
>3 11472 59 0.93(0.65-1.32)  1.20(0.74-1.93)
p for trend 0.61 0.69
Sit time index at work
sedentary 26,217 127 1.0 1.0
moderate 13,646 74 1.24(0.91-1.69)  1.43(0.91-2.24)
active 7457 21 0.56(0.33-0.96)  0.78(0.37-1.61)
p for trend 0.26 093

* Adjusted for age, socio-economic status, education, family history of DM, smoking and alcohol drinking
history, body mass index, total fat intake, total fiber intake, and baseline blood glucose level.

#* Relative risk for the whole follow-up period.

##% Relative risk for the follow-up period of " 95- 96 only.
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Table 8. Hazard ratios* and their 95% confidence intervals(Cls) from Cox pro-
portional hazard models for the association between anthropometric
indices and DM. Seoul Cohort DM Follow-up Study, Korea, 1993-1996

. Person- No. of Hazard ratio™*  Hazard ratio***
Variables years Cases (95% Cl) (95% ClI)
Body mass index(kg/m?)
<213 10,537 11 1.0 1.0
21.3-22.7 10,356 24 2.05(097-4.33)  (.83(0.28-2.46)
227239 10,400 50 4.052.04-8.03)  2.59(1.09-6.13)
239253 10,619 64 4.71(2409.25)  2.96(1.27-6.91)
> 253 10,723 116 7.19(3.75-13.8)  5.72(2.59-12.7)
p for trend 0.0001 0.0001
- family history of DM(+)
<224 1,067 5 1.0
224-244 1,251 13 1.46(0.514.24)
> 244 1,521 24 2.53(0.93-6.85)
p for trend 0.03
- family history of DM(-)
<224 15,888 20 1.0
224-24.4 15,933 65 3.16(1.89-5.29)
> 244 14,797 129 5.39(3.31-8.78)
p for trend 0.0001
Weight (kg)
<62 17,597 42 1.0 1.0
62-69 17,162 73 1.57(0.98-2.51)  1.48(0.80-2.74)
=170 17,908 150 247(1.504.07)  3.91(2.22-6.90)
p for rend 0.0003 0.0001
Height (cm)
< 165 16,140 93 1.0 1.0
165-170 20,442 92 0.64(045-091)  0.84(0.52-1.35)
>170 16,057 80 0.52(0.35-0.78)  0.49(0.28-0.85)
p for trend 0.002 0.009
Weight change**** (kg)
<3 22772 58 1.0 1.0
5-10 11,226 70 1.70(1.14-2.55  2.01(1.06-3.79)
>10 10,030 88 1.77(1.16-2.69)  2.62(1.36-5.02)
p for trend 0.01 0.004

* Adjusted for age, socio-economic status, education, family history of DM, smoking and alcohol drmkmo
history, physical activity, total fat intake, total fiber intake, and baseline blood glucose level.

*#¥ Relative risk for the whole follow-up period.

## Relative risk for the follow-up period of " 95- 96 only.
*Exk Weight change since his early 20s, adjusted for body mass index at baseline examination
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Z]7(body mass index, bmi, kg/m*)Z 7|
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Table 9. Hazard ratios* and their 95% confidence intervals(Cls) from Cox pro-
portional hazard models for the association between blood pressure,
cholesterol, and fasting glucose level at 1992 health check-up and DM.
Seoul Cohort DM Follow-up Study, Korea, 1993-1996

Hazard ratio***

. Person- No. of Hazard ratio™
Variables years  Cases  (95%Cl) (95% Cl)
Systolic blood pressure(mmHg)
< 110 14,361 42 1.0 1.0
110-120 17,247 75 1.36(0.86-2.14)  1.30(0.66-2.56)
120-130 12,110 72 1.53(0.96-242)  1.69(0.86-3.31)
130-140 5,929 37 1.29(0.75-221)  1.54(0.70-3.36)
> 140 3.071 36 2.28(1.31-3.99)  2.12(0.89-5.06)
p for trend 0.02 0.07
Diastolic blood pressure(mmHg)
<170 13,708 50 1.0 1.0
71-89 21,638 95 1.22(0.79-1.87)  1.01(0.55-1.85)
> 90 17,372 119 1.36(0.89-2.01)  1.27(0.70-2.31)
p for trend 0.16 0.35
Serum cholesterol(mg/dL)
<170 10,741 38 1.0 1.0
170-190 10,950 44 1.00(0.60-1.68)  0.53(0.23-1.23)
190-210 11,762 61 1.20(0.74-1.94)  0.93(0.47-1.86)
210-230 9,289 47 0.89(0.53-1.50y  0.98(0.48-1.98)
> 230 9,991 75 1.15(0.71-1.86)  1.13(0.58-2.19)
p for trend 0.71 0.26
Fasting blood glucose(mg/dL)
<80 11,128 17 1.0 1.0
80-90 17,451 23 0.88(0.47-1.67)  0.75(0.29-1.89)
90-100 14,301 54 2.11(1.20-3.72)  1.68(0.74-3.81)
100-110 6,590 67 54003.10-9.39)  4.20(1.87-9.43)
> 110 3,259 104 15.58(9.13-26.6)  8.66(3.86-19.5)
p for trend 0.0001 1.0

* Adjusted for age, socio-economic status, education, family history of DM, smoking and alcohol drinking
history, body mass index, physical activity, total fat intake, total fiber intake, and baseline blood glucose level.

** Relative risk for the whole follow-up period.

##* Relative risk for the follow-up period of " 95-" 96 only.
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Table 10. Hazard ratios* and their 95% confidence intervals(Cls) from Cox pro-
portional hazard models for the association between nutrient intake

L= R 3

P - A - T

and DM. Seoul Cohort DM Follow-up Study, Korea, 1993-1996

Variables Person- No. of Hazard ratio*™*  Hazard ratio™*
years Cases (95% Cl) (95% ClI)
Total energy intake (kcal)
T1 17,834 104 1.0 1.0
T2 17,908 80 0.61(0.32-1.14)  0.50(0.20-1.29)
T3 17,964 88 0.94(0.37-2.38)  1.72(0.18-2.96)
p for trend 0.78 0.58
Protein (gm)
Tl 17,892 93 1.0 1.0
T2 17,995 99 1.04(0.62-1.74)  0.89(0.41-1.92)
T3 17,814 81 0.49(0.22-1.09)  0.54(0.17-1.76)
p for trend 0.10 0.31
Fat (gm)
T1 17,988 87 1.0 1.0
T2 17,789 93 1.23(0.84-1.79)  1.20(0.68-2.14)
T3 17,937 93 1.49(0.97-2.28)  1.88(1.01-3.49)
p for trend 0.002 0.005
Fiber (gm)
Tl 18,117 107 1.0 1.0
T2 17,823 81 0.55(0.38-0.80)  0.48(0.28-0.84)
T3 17,719 84 0.52(0.34-0.79)  0.36(0.19-0.67)
p for trend 0.17 0.06
Carbohydrate (gm)
T1 17,819 108 1.0 1.0
T2 17,946 77 0.81(0.47-1.38)  1.01(0.47-2.15)
T3 17912 86 0.77(0.36-1.63)  0.83(0.27-2.55)
p for trend 0.49 0.82

* Adjusted for age, socio-economic status, education, family history of DM, smoking and alcohol drinking
history, body mass index, physical activity, total fat intake, total fiber intake, and baseline blood glucose level.

** Relative risk for the whole follow-up period.

#+* Relative risk for the follow-up period of~ 95- 96 only.
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