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Association between BMI and Mortality
- Kangwha cohort study -
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Objectives : To investigate the association between BMI and  ratios for men were 1.81(1.50-2.19, 95%Cl), 1.31(1.14-1.51, 95%Cl),
Mortality. 1.0(referent), 1.05(0.87-1.26, 95%Cl) and 1.39(1.09-1.76, 95%C}),
Methods : This study was based on the analysis and assembly of  respectively. And for women, 1.46(1.19-1.78), 1.12(0.95-1.31, 95%Cl),
the ‘Kangwha Cohort Study’ , previously conducted by the Department  1.0(referent), 1.00(0.84-1.20, 95%Cl) and 1.09(0.89-1.34, 95%CI),
of Preventive Medicine, Yonsei University. A total of 2,696 males and  respectively.
3,595 fematles were followed for almost ten years and ten months from Conclusions : The risk of death among aged men in Kangwha
March 1985 to January 1996, a total of whom 2,420 died during this  increased in the under and overweight groups. The relationship
period. The Cox s proportional hazards regression modei was used to  between BMI and mortality has been well studied in Western
analyze this data. populations, but little is known about the association between BMI and
Results : We found a U-shaped relationship between BMI and  mortality in our couniry. So, on the basis of this study, it is apparent that
mortality among the aged men in the Kangwha cohort. The hazard ~ more studies of the relationship between BMI and mortality will be
ratio of dying was adjusted for age, marital status, occupation, self  needed for future work.
cognitive health tevel, chronic disease, smoking, and alcohol
frequency, then sorted by body mass index into the following groups; Korean J Prev Med 2000;33(4):459-468
less than 18.5, 18.5 to less than 21.0, 21.0 to less than 23.5, 23.5 to
less than 26.0 and greater than or equal to 26. The corresponding  Key Words: BMI, Mortality
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Table 1. Number of death and person-year in Kangwha cohort

male female
death No person/year age death No personfyear
31 1427 55-59 7 2273
109 4184 60-64 57 6276
234 6032 65-69 127 3254
299 5156 70-74 171 6721
276 3106 75-79 231 4614
326 1983 over 80 552 4644
1275 21888 total 1145 32782
Al A o HHE BEE FHct 159 VFoR 49sE AMsgth
Gom, FHE d7de] Febdt 71, Y ASIIE gAY AsFHL 19854
A 5& S350 BMIE 19859 T4 349 o]FofFion A8 ¢34 ¥t &
AR FRAS AFE o]8ste] Fak ©9lE dfoEo] QA gonE HEA
Ak ol | 23 S EATAY 2 02 39 1598 7|FUR gk o] o
NEEARE o] 4] IIE A TN HE FHTRYS 1996@ 19
AE, AE, AHE Foll disl Fetstsl A 0A 2 AsElTt. wheba 1985 3%
ore] Aol tiME HexGAtEY e 19964 19 197 4ES AF)
S AZE ATAA. 19960 | 4] 2AULL 1295990) 9.
9 19 A Alukr) 24209, A2l W 2HTE AbEE Alg 2= Abgely)

=2
38339, A AT 38u 0 F 994%9) F
3 9tk 96y 19 147449
ZAZAIZ Fobe) dd Al ¢
= Table 13} 232 Abga} 24201 &
2+ 1,275, o424} 1,145 0 8 JdAb7t o
gttt & 4 ode vl 21888 om
o} 4} 32782 ¢ LﬂolD# é%‘ EFAIEES
ks 10002199 58.37, o= 1000
olvity 34.9710]9th

BMIE 19851 dpzle) 338 B
AKg)e 715 ol &g, 7 % cmZ
27 5to] Meter2 4Fa1gIt) & 749
AE ZSE tdAE BMI| we} ok
3} 7+o] 18.51 9k, 18.50]4F 2115k, 219
¥ 23519k, 23.50)4F 26w] 3 260] 4+
5702 BE&sigrk. BMI 1855 9]
WHOQ Ttel=gilel] met AAHFoR

F4E 715E o] &8 tHWHO, 1995).
BMI 21.00]%¢ 23.57|¢k 19839 W)=
oA AHEHEY 2ARAAM A
25-20A4) w2 dake] AR ARE ol &
3 tHMLIC, 1983).

2, FEIRIO 7|

L.

(=

[a =1
Q2 Bl SR & g 47
2alel 79l 79 19 049 AR

0% MUY ANFY O, F3
0)
=

Lo

BMIZ}F AbgES] 7 342
27} J3) Coxe] H]&) 1 32
4] O}O:} '5’_‘@‘ Ol'xv\ . ?133(1985‘;_ }—/\]’%
Al A9, WA 5, Z‘?ﬂ(%"é, 9
o)), WA g ol 7, 27| AT

T Ay, 2-33)/F, 1-43)/4, 4-123)/
W) Exstel BMIGH Abgate] BAE
A R ottt Coxd) HlAYAIHAEA 4
el 9jdule}l $)& Hj(Hazard ratio)]
95% 412 7ZHCI : Confidence Interval)
S HABIYI BE p-value: 4&AA
o2 Attt 5A AXE o]+ SAS
¢} Windows ¥ 6.12% o]-&3}51



BMIs} Adwte] el 461

A1 A} Table 2. Baseline characteristics at recruitment unit : person (%)

male(N=2696) female(N=3595) p-value

mean age 663+73 67.118.6 0.000
dUE ATt BAel Beh & marital parner (%) 0.001
4 75K(Table 2), 2 B4 p value " Sos e
7 } T‘_'% & X}o] 7}_ 0101 ‘E']'L% B Zﬂo}o% occupation (%) 0.001
B34 u} Oiﬁlqwx} Z s 2696 agriculture 2,307(85.6) 2,897(80.6)
\:]; Oj_-[,_EH/\.}Z]_/l Jg ;ﬂ_odag \c_)_ 1/]_]]_7]_ 66 self Cogniﬁ;{e health level (%) 1368508) L915(533) 0.001
€ » . 3. .
A, ARp7E 6740l 21, Rt A w27} more good 707(26.3) 764(21.3)
ol 73.?_7]- 2,387 (88.7%), o A}of A = more bad 617(22.9) 913(25.4)
1,72198(47.9%)0] 3 o1, dajo A 2 chronic disease (%) 0.001
@79%)013t 23, BAtelAf 2 yes 1,228(45.6) 1,808(50.3)
o] &80 A7} 2,3074(85.6%), A} 10 1,468(54.5) 1,787(49.7)
o A 2,897 (80.6%) 0] 3tk Aol smoking (%) 0.001
A7FeIN T 2+ ez v|aste v non-smoking 496(18.4) 2,7110(75.4)
ST $HU B47H13688(508%) o smking Mosry s
olfii Y Fria EH‘_E’L‘} ek alcohol frequency (%) 0.001
g tgst 397z 707%(26.3%) none 941(35.0) 3,233(89.9)
617922, Hl&slal Axe daily (nearly) 881(32.7) 37( 1.3)
u ~ 9(229 71 05 I3 E? 17 2-3 times/week 531(19.7) 58( 1.6)
Hlszsioha 8k 7497 1,915%(53.3%), 1-4 times/month 305(11.3) 130( 3.6)
f 203 oeret 299 o Umcka o) 4-12 times/year 36( 1.3) 137( 3.8)
el 297} 72k 764%(21.3%), 9131 BMI level (kg/m) 0.001
@S4mpOIgitE AN B ol Wooto s o)
g Ao] A= 37} 1,228%(45.6%), 21.0-<23.5 942(35.7) 1085(30.9)
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Table 3. Distribution of baseline characteristics by BMI (male)

Body mass index

p-value
<185 18.5-<21 21-<23.5 23.5-<26 =>26
mean age 68.91+8.0 669175 65.7+7.1 65.0+6.1 65.0+6.1 0.0001
marital partner (%)
yes 86.3 88.5 88.5 90.6 92.3 0.271
no 137 115 115 9.4 7.7
occupation(%)
agriculture 85.5 86.1 85.2 88.0 78.7 0.066
non-agriculture 14.5 13.9 14.8 120 213
chronic disease(%)
yes 49.6 464 430 444 4.4 0.361
no 50.4 536 57.0 55.6 55.6
self cognitive health level (%)
alike 419 49.6 539 535 52.1 0.001
more good 19.1 26.0 26.5 30.8 30.2
more bad 390 244 197 157 17.8
smoking(%)
non-smoking 11.6 14.2 19.8 20.9 38.5 0.001
smoking 82.2 789 73.5 709 527
past smoking 6.2 6.9 6.8 82 89
alcohol frequency(%)
none 40.5 37.0 31.7 32.5 39.1 0.114
daily(nearly) 26.5 31.6 359 311 30.8
2-3 times/week 174 203 199 212 189
1-4 times/month 13.6 99 11.3 14.1 9.5
4-12 times/year 2.1 13 13 12 1.8
Table 4. Distribution of baseline characteristics by BMI (female)
Body mass index
p-value
<18.5 18.5-<21 21-<23.5 23.5-<26 =>26
mean age 70.7+9.0 68.6+9.0 66.31+8.3 66.0+7.6 64.9+7.5 0.0001
marital partner (%)
yes 36.3 443 50.6 50.7 52.8 0.001
no 63.7 557 494 493 4712
occupation(%)
agriculture 719 82.5 83.1 80.9 73.6 0.001
non-agriculture 221 176 16.9 19.2 264
chronic disease(%)
yes 46.5 484 50.8 487 54.6 0.108
no 535 51.7 492 513 454
self cognitive health level (%)
alike 522 49.9 54.0 55.1 56.2 0.001
more good 138 21.6 235 23.0 20.0
more bad 34.0 28.5 225 220 239
smoking(%)
non-smoking 54.8 69.1 719 825 82.6 0.001
smoking 433 284 20.0 152 15.7
past smoking 19 2.6 21 24 1.8
alcohol frequency(%)
none 89.1 90.0 89.1 90.0 912 0.902
daily(nearly) 1.0 12 1.1 0.8 1.2
2-3 times/week 0.6 14 22 1.5 12
1-4 times/month 42 38 39 35 33
4-12 times/year 5.1 37 37 43 31
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Table 5. Hazard ratio of all-cause mortaiity of risk factors by gender
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male female
variable 95% Cl 95% Cl
Exp(B) lower upper Exp(B) lower upper

age 1.08 1.08 1.09 1.12 1.1 112
marital partner (yes)

no 121 1.03 142 1.01 0.88 1.17
occupation (non-agriculture)

agriculture 1.00 085 1.18 1.05 0.90 1.21
chronic disease (no)

yes 1.09 097 1.23 1.21 1.07 1.37
self cognitive health level (alike)

more good 0.87 0.76 1.00 1.00 0.86 .17

more bad 1.50 1.30 1.73 1.60 1.39 1.85
smoking (none)

smoking 1.19 1.02 1.39 1.14 0.99 1.31

past smoking 1.03 0.79 1.35 1.14 0.83 1.57
alcohol frequency (none)

daily(nearly) 1.25 1.09 1.44 1.60 0.99 2.59

2-3 times/week 0.99 0.84 1.17 142 0.90 222

1-4 times/month 1.08 0.89 1.31 1.02 0.73 143

4-12 times/year 1.31 0.83 2.08 0.75 0.52 1.07
BMI level (BMI 21-<23.5)

BMI<18.5 1.81 1.50 2.19 1.46 1.19 1.78

BMI 18.5-<21 1.31 1.14 1.51 1.12 0.95 131

BMI 23.5-<26 1.05 0.87 1.26 1.00 0.84 1.20

BMI >=26 1.39 1.09 1.76 1.09 0.89 1.34
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Figure 1. Hazard ratio* of all-Cause mortality of BMI.(male)
* Adjusted for age(recruit year), marital status, occupation, chronic disease, self cognitive health

status, smoking, drinking.
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Figure 2. Hazard ratio” of all-cause mortality of BMI.(female)
* Adjusted for age(recruit year), marital status, occupation, chronic disease, self cognitive health

status, smoking, drinking.
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Figure 3. Hazard ratio* of all-cause mortality of BMI.(male)
Based on the survivors on March, 1990 in Kangwha cohort.
* Adjusted for age(recruit year), marital status, occupation, chronic disease, self cognitive health

status, smoking, drinking.
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Figure 4. Hazard ratio” of all-cause mortality of BMI.(Female)
Based on the survivors on March, 1990 in Kangwha cohort.
* Adjusted for age(recruit year), marital status, occupation, chronic disease, self cognitive health

status, smoking, drinking.
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Table 6. Hazard ratio of all-cause montality of risk factors by gender*

male female
variable 95% ClI 95% ClI
Exp(B) lower upper Exp(B) lower upper
age 1.09 1.07 1.10 112 1.1 1.13
marital pariner (yes)
no 128 1.02 1.60 0.99 0.83 1.19
occupation (non-agriculture) _
agriculture 1.00 0.81 1.25 1.10 0.90 1.34
chronic disease (no)
yes 0.99 0.84 1.17 1.26 1.07 148
self cognitive health level (alike) -
more good 0.90 0.75 1.09 1.05 0.86 1.28
more bad 1.20 0.97 1.49 143 1.18 1.73
alcohol frequency (none)
daily(nearly) 1.28 1.05 1.55 1.58 0.78 320
2-3 times/week 097 0.77 122 0.04 0.51 2.10
14 tirnes/moxjth 1.11 0.85 1.45 0.81 0.50 1.32
4-12 times/year 2.39 1.35 421 0.70 0.44 1.11
smoking (none)
smoking 1.08 0.88 1.33 1.51 1.25 1.81
past smoking 0.83 0.57 1.21 227 1.48 3.49
BMI level (BMI 21-<23.5)
BMI<18.5 2.18 1.67 2.84 1.49 1.14 1.96
BMI 18.5-<21 1.32 1.08 1.61 1.05 0.85 1.30
BMI 23.5-<26 1.12 0.87 1.43 1.02 0.81 1.29
BMI >=26 1.73 1.27 234 1.08 083 141
* Based on the survivors on March, 1990 in Kangwha cohort
Table 7. Gender-age-specific death rate in Kangwha vs in Korea
(person year/100,000)
2o ¥y Zelyasrt
Kangwha death rate Korea* death rate Lﬂ “% ‘;Zoﬂ ”U“ EVT EoLLOﬂ
IO ] ok
male female age male female s A TA A7) ded
W7,
21724 308.0 55-59 1490.6 544.3
2605.2 908.2 60-64 22370 879.7
x
3879.3 1538.6 65-69 3515.0 1547.9 2. A7) tivt 1
5799.1 25443 70-74 5554.8 2888.9 5010 AZ WMol 88 a0
8886.0 5006.5 7579 8622.6 5171.7 S 4% 2R Ayadeld H
16439.7 118863 over 80 15374.9 11887.9 AR vl AfgEe] =2 oz
* National statistical office. 1995 Annual report on the cause of death statistics. 1997. A 9tk B Ao E A5 AF
T #AZE B ZFAA QoM 7
Jelom, Fdd 98 e
7Veted] EAEQIAHVIF), AeiA4  Al4(contingency coefficient), cramer s A|5}7] Y8 TAHEL EXgte &
FTEAHE &k a2y o] AolM Vo W AdAds ANEgT. i 3y F3E AS AR
= gyRe BAWSTL WFY A0l 93} BMIY 4RASE 0163780180 ED/ BT 52 F A 1
B2 BAGUOARE AAS 52 4 1(p=00001), ¥FFAFIAE TS HA Raho] o] E Bresidual con-
Aot Aol 2 oJulzh girkn BUEe]  FolA phi A4 0483 o] THE W founding) BHE U5 EAEAE
GEEH4S B4 A% PHoE  FES BF 0deldolotk g% 2% a9
AL =P d5 3 = T AHERY BN Fad AEL 27 A4HY #uYS By,
pearson FHLA 02, BMIE 5¢eg  Aojng HARFe] TTAAL 4TE o $FE didow Ad 43,
e MrE IS T WFELS 7 Aol 29E ABAFS lolAlE 4 8 AR AL FARY T HAe
oJAlFAAAN AAIEE phi A, 8 AelM AHE phi AT T @oE & FTHFOERA AMLY S =9
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3 T T ZH Aol of
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3L ., 1988)7} 9+
}3‘01 238

v A

= do
o
{

A ﬁ,

=

g 2idg+= '3}*" Oﬂ‘—rLEJ_ E}
(Blackwelder et al., 1980). ¥ o)A
T a7 ddd WeEA FTFHIRE
ZARISTE 1 AFR o2 ujg A
Hog gFako] W datdlA &7l
S9} AgEe] BATE FARLE fre
3H3aL (P=0.048), &5o| A& ojatg
A% BAMCE §o9a 2 23
(P=0.065)5 &3 + 2}211’/}(Table 5).
A AT AlgEd B3 Be dF
Eo| BMIZ} AdjHoR & qd y
ghEoA Al AFEES YR 43
5oy, W& BMIS} AFEE 9] @A ol of
st 01?7349} v ask7)o) & ‘4 gHA

5§ o}aiftﬂ(ue et
al, 1993; Cornom—Huntley et al., 1991;
Lindsted et al., 1991), ¥ A9] A=}
o) BMI¢] Hto] @A} 21.7, 477}
22,607 eyt 2 Seidell =
(1996)2] Aol A BMI 18.5-25¢]1 74
o wjal 18.5W] kel ArEHRE} 26
o= et e Ur BMI 18.579kQ] 73
7} 32 SR 42 g 59 ol
o 3}, lx]-ﬁoi zoy gad
7) 43 AFAH ANAF Az v}
Btk 2 ATelNE Ags A
g3he) o) B 59 A7 A
2] o} 1 ANE I ¢
7

oA Fo3t Aolg Holv A
8018k 4= 919 tH(Table 3, Table 4).

of AFME FIZE 75 Y F
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st A+E nEste, FHA ol F 5
7S s FH AT A

A9k 90d 39 dAl A& e A
HFES WL A BMISH] ##
xBEHog ENG A3 IS E
|2l e] A Ae 2 Aloj7t ¢l
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Table 59} Table 6& H| W3l & uH =%
1 903 397kA] AEE AlEe o

2 A% Asod BMIF L°ﬂ ut
AGut | woldl AL BAY &
. o] Aol e AA, A5 5d
AYs AZTEE 90 39 AZAE
0F o ng B ¥3d 3
# o] 6042 baseline cohort®] 554

Htp £00g o] & T4 BMI
o Aste] edel o wrin A2
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