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&2 WRELUBROGRELLELBRBEBETYRY

GEHEY kil EHEM
HEE 210.0 kg 5.0-9.9 kg +49 kg 5.0-9.9 kg 210.0 kg
B (B8AZ20112) ANEE 14,652 31,798 83,070 43485 44,506
BEBES AR 189 211 345 139 133
HR(95% C) 152 (1.24-1.85) 1.04(0.87-1.24)  1.00 (reference) 0.95 (0.78-1.16) 0.99 (0.80-1.21)
gEmiiRS AR 45 49 97 39 23
HR(95% C)  1.42 (0.95-2.11) 0.92(0.64-1.31)  1.00 (reference) 0.92 (0.63-1.34) 0.59 (0.37-0.94)
£hpigEh AR 74 83 148 68 63
HR(95% CI)  1.37 (1.01-1.88) 0.95(0.72-1.26)  1.00 (reference) 1.09 (0.81-1.45) 1.08 (0.80-1.47)
IRz AR 43 38 65 35 30
HR(95% CI)  1.53 (1.00-2.35) 0.90 (0.60-1.36)  1.00 (reference) 1.35 (0.89-2.05) 1.25 (0.80-1.96)
R o AR 15 20 49 15 17
HR(95% CI)  1.15 (0.60-2.20) 0.84 (0.49-1.44) 100 (reference) 0.66 (0.37-1.18) 0.78 (0.44-1.39)
ik (@BA% 21,252) P 12,266 30,175 82,206 53,797 65,126
RRBEE AR 104 173 195 110 157
HR(95% C)  1.64 (1.26-2.13) 1.53(1.23-1.89)  1.00 (reference) 0.98 (0.77-1.24) 1.36 (1.09-1.69)
EmfEEE AR 24 42 35 25 29
HR(95% C)  2.00 (1.12-3.56) 2.03 (1.27-3.22)  1.00 (reference) 1.24 (0.74-2.08) 1.39 (0.84-2.31)
£zt AR 42 83 98 57 74
HR(95% CI)  1.40 (0.94-2.08) 1.49 (1.10-2.02)  1.00 (reference) 0.99 (0.71-1.38) 1.24 (0.91-1.70)
fpEE ARV 21 35 39 25 26
HR(95% C)  1.24 (0.69-2.24) 1.30(0.82-2.09) 1.00 (reference) 1.19(0.72-1.98) 1.21 (0.72-2.03)
it AR 7 29 15 1 20
HR(95% CI)  1.02 (0.41-2.55) 1.44 (0.77-2.68) 1.00 (reference) 0.71 (0.35-1.46) 1.26 (0.68-2.33)

EEEABNYT—FI R, RA—R53/VDOB K. 200K E, HFE. siZRH. 2ERE. GERE. —B0STHEETRE. &
{EICERER &IV EVBIERERENE CHE

T3 FTATREBANRATDORAHBEFEERERETYRY

X3 i *it 40-59:8 80-798%
SATRBAN
A37 ARV ARV AR ARV ARV
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
SEBRBESET
0 86 83 3 16 70
1.00 1.00 1.00 1.00 1.00
1 217 192 25 40 177
0.71(0.55-081) 0.69(0.53-089) 0.65(0.19-2.17) 0.74(0.41-1.32) 0.70(0.53-0.92)
2 431 269 162 VAl 360
0.64(0.51-0.81)  0.62(0.48-0.79) 0.56 (0.18-1.76) 0.77(0.44-1.32) 0.61(0.47-0.80)
3 406 201 205 46 360
049(0.39-0.63) 0.50(0.3%-065) 0.40(0.13-1.25) 0.48(0.27-0.86)  0.49(0.38-0.64)
2 208 101 107 i6 192
0.40(0.31-052)  0.50(0.37-0.67) 0.28(0.09-0.89) 0.26(0.13-054)  0.42(0.32-0.56)
5-6 64 24 40 10 54
0.36(0.26-0.51)  0.41(0.26-0.65) 0.29(0.09-094) 0.40(0.18-0.92) 0.36 (0.25-0.52)
Bl EDEEEE
0 24 23 1 6 18
1.00 1.00 1.00 1.00 1.00
1 55 51 4 12 43
0.64(0.40-1.04) 0.67(0.41-1.10) 0.31(0.03-2.78) 0.60(0.23-1.61) 0.66 (0.38-1.14)
2 85 51 34 14 bal
0.47(0.30-0.75) 0.44(0.27-0.72) 0.35 (0.05-2.62) 0.41(0.16-1.08) 0.50(0.29-0.84)
3 89 45 44 6 83
0.41(0.26-0.66) 0.43(0.26-0.71) 0.26 (0.04-1.91)  0.17(0.05-0.55) 0.47 (0.28-0.80)
4 45 23 22 4 41
0.33(0.20-0.56)  0.44(0.24-0.79) 0.18(0.02-1.35)  0.18(0.05-0.70) 0.38(0.21-0.67)
56 12 4 8 4 8
0.26(0.13-053)  0.27(0.08-0.80) 0.18(0.02-1.46) 0.46 (0.12-1.80) 0.22(0.08-0.52)
BigE R
0 42 41 1 7 35
1.00 1.00 1.00 1.00 1.00
1 98 84 14 . 23 75
0.65(0.45-094)  0.61(0.42-0.88) 1.17(0.15-9.01) 0.96 (0.41-2.23) 0.52 (0.40-0.88)
2 203 124 79 37 166
0.61(0.44-0.85)  0.57(0.40-0381) 0.88(0.12-6.41)  0.88(0.39-1.98) 0.55 (0.38-0.80)
3 185 86 99 25 160
0.45(0.32-064) 0.43(0.30-0.63) 0.62(0.09-4.47) 0.55 (0.23-1.32) 0.42(0.29-0.62)
4 a3 46 47 9 84
0.36(0.24-0.52) 0.46 (0.30-0.70) 0.39(0.05-2.88) 0.30(0.11-0.85) 0.35(0.23-0.53)
56 29 12 17 4 25
0.32(0.20-0.53) 0.41(0.22-0.79) 0.38 (0.05-2.91) 0.33(0.09-1.17) 0.32(0.15-0.54)

BSERBFE/ NP8, 5], FFE. KR, 1 BOLERHOY—, Body Mmass lindex CEHEE
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®4 PHEHOLEFBEEE 0FRORT, SEEREREVRY

LT (N=740) EERERE R E (N=1,206)
FYXik 95% S X A F A 95%{ERE Xl
BEEE
L EJEELE 1.00 Reference 1.00 Reference
B EE 1.39 (1.04 - 1.83) 1.05 (0.83 - 1.34)
HBLE 1.98 (159 - 247) 1.18 (0.99 - 1.41)
BMI
18.55RH 1.37 (0.88 - 2.11) 0.88 (0.58 - 1.35)
18.5 - 25 1.00 Reference 1.00 Reference
25 - 30 1.06 (0.89 - 1.27) 1.22 (1.06 - 1.40)
3oLl 1.55 (1.05 ~ 2.29) 2.32 (1.74 - 3.10)
HATHSE
1EBRE/BLE 1.00 Reference 1.00 Reference
1R/ BRE 1.25 (1.06 - 1.47) 1.16 (1.02 - 1.32)
BHEOIEFICME. &, &R, BIEKE. AL X, FE. BB 0OERE CHIE
%5 Propensity score matched cohort BT A B2SEH LESUBEOERSENHOLE
BYZDH BYEZPE
(N=10, 170) (N=10, 170)
HREHL-YERE (B/4) 316, 160 345, 764

(95% R

BREbYERED
matched pairf§i&=48
(95%{EHERE )

EZMOEMI0%EREL L
high-cost risk (7w Xtb)
(959% {2 EEE )

ERO L% ERESE L
high-cost risk (7w Xkb)
(95%EERE )

ERMOERI1%FEREL L
high-cost risk (7w XH)
(95% S HE X )

(305, 627 ~ 328, 163)

-29, 604

(-46,524 ~ -11,590)

(332,487 ~ 359, 296)

0.89 1
(0.82 ~ 0.98) (Reference)
0.82 i
(0.72 ~ 0.93) (Reference)
0.49 1
(0.37 ~ 0.66) (Reference)

HLTWk, —F5T, FEEEOERENR
AT 5 YR 7 ISHEREYES T LAEmA R
NIEBEETII o7,

A& IZ DOV T I BMI30. 0 PA_E D IERE & 1358
. BEERRERLEVRZLLARICEAL
TEY ., BMI 2% 25.0 25 30. 0 SR OBAEES
TIEREERBEREDY A7 ODHREFEICES
L TCTWW,

1 HOBTFRICOWTIZ 1 B 1 BRIk
DOHBATHB OB CRTB L UEHEERE R L
YR BEBEICERE LTV,

@ FEHORZZZLEEHEEREI R &
DOFEE (&5)

Matched cohort (23175 — AN&H7= D D 1996
FED 2007 FEFETO 12 EFOBREDH Y
ERE % bootstrap BIZ K VHEET D &
matched pair BIOZEFIIEEICBL 2T
BHETHLZEPMEINT, EEEIENME
AL 10% % mFEEREEE OEEL LI2GE,
BEFEDHT- Y OEREPERENEMN EAL 10%
D% LEAME%A v XX, BE2SRET

BlIES 2o,



%6 HABBOLELEMNRE-ENEREYRIDNF—FHE HR) & 95%EHEXR[E (95% CI)

ETIA EFIL 2 EFNL3
BITEOZEE SEEH ANEE
HR (95% CI)® HR (95% CI)° HR (95% CI)°
TiEBEHER 134 3,924 1.00 1.00 1.00
REBNCZEL 252 6,679 1.14 (0.96-1.36) 098 (0.78-1.25)  0.89 (0.66-1.19)
EFICEL 62 3,779 0.62 (0.46-0.84) 0.69 (0.49-0.98)  0.75 (0.50-1.12)
EEIEMR 264 17,266 0.56 (0.45-0.68) 0.64 (0.50-0.82)  0.64 (0.48-0.85)

a EFNIE, HEERTHE
b EFN2IE, &, £, R2ATRLE-EEEELSTTHE

¢ BTN, BHEHRO TIEURNICENBRREZHEEET IL2LURSN

(3) HEH»LEEBHICO 2AETEEIED
LN BB ONERRIBEY X7 ICRIET
HEIZET D05

O HBITHEMOEEENEREI AT LD
RE B B RTE & ak— MFFE (% 6)

BATRE ORI O ENEY X 7 ZEER
Y — Rk (HR) 26177, REE%
HMERF LB, EENCE(L LB TR E
NH#EREY 27D 31%IEL (HR=0.69, 95%
CI :0.49-0.98) . {HEVEHMERF L2 BECIXES
ERAEY X W 36% KD 72 (HR=0. 64, 95%
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ABSTRACT

Background: To clarify the effect of age on the association between body mass index (BMI) and all-cause
mortality.

Methods: We followed 43 972 Japanese participants aged 40 to 79 years for 12 years. Cox proportional hazards
regression analysis was used to estimate hazard ratios (HRs), using the following BMI categories: <18.5
(underweight), 18.5-20.9, 21.0-22.9, 23.0-24.9 (reference), 25.0-27.4, 27.5-29.9, and >30.0kg/m? (obese).
Analyses were stratified by age group: middle-aged (40-64 years) vs elderly (6579 years).

Results: We observed a significantly increased risk of mortality in underweight elderly men: the multivariate HR
was 1.26 (0.92-1.73) in middle-aged men and 1.49 (1.26-1.76) in elderly men. In addition, we observed a
significantly increased risk of mortality in obese middle-aged men: the multivariate HR was 1.71 (1.17-2.50) in
middle-aged men and 1.25 (0.87-1.80) in elderly men. In women, there was an increased risk of mortality
irrespective of age group in the underweight: the multivariate HR was 1.46 (0.96-2.22) in middle-aged women and
1.47 (1.19-1.82) in elderly women. There was no excess risk of mortality with age in obese women: the multlvanate
HR was 1.47 (0.94-2.27) in middle-aged women and 1.26 (0.95-1.68) in elderly women.

Conclusions: As compared with the reference category, obesity was associated with a high mortality risk in
middle-aged men, whereas underweight, rather than obesity, was associated with a high mortality risk in elderly men.
In women, obesity was associated with a high mortality risk during middle age; underweight was associated with a
high mortality risk irrespective of age. The mortality risk due to underweight and obesity may be related to sex and

age.

Key words: body mass index; mortality; age effect; underweight; obesity

INTRODUCTION

Epidemiological studies have indicated that the association
between body mass index (BMI) and all-cause mortality is
dependent upon age.!"'® While almost all studies have agreed
that the excess risk of mortality due to obesity attenuates with
age,! 141718 there is long-standing disagreement regarding the
effect of age on the association between underweight and
all-cause mortality.'> Some studies have shown that the
excess risk of mortality due to underweight attenuates with
age. 23671215 Other studies have indicated that the excess risk
of mortality due to underweight increases with age>> or
remains high irrespective of age.>*'%!4 This inconsistency
may be partly due to the inability to control for history of
cancer and cardiovascular disease,*®”'%12 and to inadequate

adjustment for several other confounders such as cigarette
smoking,'*  alcohol  consumption,” %1% physical
activity,”'%1%!*  and  socioeconomic  status 2810121415
Additionally, several studies failed to include a category
for the lowest BMI (<18.5) because of the small proportion
of such underweight participants,>®%13-15 or neglected
to recruit a study population from the general
population.>10:12:15

Serena et al concluded that it is necessary to develop
appropriate BMI cut-off points that are country- and ethnic-
specific for Asians.’” Among 4 Asian studies of the effect of
age on the association between BMI and all-cause
mortality,>%71° one was conducted in Japan.!® In that study,
however, multivariate analysis failed to adjust adequately for
several confounders. Therefore, the effect of age on the
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association between underweight and all-cause mortality
remains to be clarified.

To further examine the effect of age on the association
between BMI and all-cause mortality, we conducted a cohort
study among middle-aged and elderly Japanese who were
recruited from the general population. We obtained
information about their medical history, smoking status, and
other possible confounders. In addition, our study overcomes
problems in previous studies because we adjusted for several
confounders after excluding participants with subclinical
disecase. We believe that by clarifying the effect of age on
the association between BMI and all-cause mortality, it might
be possible to improve public health measures by targeting
body weight control according to life stage.

METHODS

Study cohort

The details of the Ohsaki National Health Insurance (NHI)
Cohort Study have been described previously.?>?? Briefly,
we delivered a self-administered questionnaire requesting
information on various lifestyle habits during the period from
October through December 1994 to all NHI beneficiaries aged
40 to 79 years living in the catchment area of the Ohsaki
Public Health Center, Miyagi Prefecture, in northeastern
Japan. The Ohsaki Public Health Center is a local government
agency that provides preventive health services to the
residents of 14 municipalities in Miyagi Prefecture. Of
54996 eligible individuals, 52 029 (95%) responded.

We excluded 776 participants who withdrew from the NHI
before 1 January 1995, when we started prospective collection
of data on NHI withdrawals. Thus, the study cohort comprised
the remaining 51253 participants. The study protocol was
approved by the Ethics Committee of Tohoku University
School of Medicine. We considered the return of the self-
administered questionnaires signed by the participants to
imply their consent to participate in the study.

For the current analysis, we also excluded 1767 participants
with a history of cancer, 1384 participants with a history of
myocardial infarction, and 997 participants with a history of
stroke, because the presence of these diseases at baseline
could have affected their BMI. In addition, we excluded 3133
participants who did not provide information about body
weight or height. As a result, a total of 43 972 adults (21 038
men and 22934 women) participated. After 12 years of
follow-up, there were 5707 deaths (3685 men and 2022
women).

Body mass index

The self-administered questionnaire included questions on
weight and height. BMI was calculated as weight in kilograms
divided by the square of height in meters (kg/m?). We used
BMI as a measure of total adiposity and divided the
participants into groups according to the following BMI

categories: <18.5 (underweight), 18.5-20.9, 21.0-22.9,
23.0-24.9, 25.0-27.4, 27.5-29.9, and >30.0kg/m> (obese).
These weight categories correspond to the cut-off points
proposed by the World Health Organization (WHO), ie,
normal BMI range (18.5-24.9kg/m?), grade 1 overweight
(25.0-29.9 kg/m?), grade 2 overweight (30.0-39.9 kg/m?), and
grade 3 overweight (>40.0 kg/m?).2

We previously evaluated the validity of self-reported weight
and height??> Briefly, the weight and height of 14883
participants, who were a subsample of the cohort, were
measured during health examinations in 1995. The Pearson
correlation coefficient () and weighted kappa () for the self-
reported values and measured values were 7= 0.96 (P < 0.01)
for weight, =093 (P<0.01) for height, and »=0.88
(P<0.01) and «=0.72 for BMI. Thus, the self-reported
heights and weights in the baseline questionnaire were
considered sufficiently valid.

Follow-up

‘We followed the participants from 1 January 1995 through 31
December 2006 and recorded any mortality or migration by
reviewing data on NHI withdrawals. When a participant
withdrew from the NHI system because of death, emigration,
or employment, the date of and reason for withdrawal were
coded in the NHI withdrawal history files. Because we were
unable to obtain subsequent information on participants who
withdrew from the NHI because of emigration or
employment, we discontinued follow-up of these participants.

The end point was all-cause mortality. Data on the death of
participants were based on the death certificates filed at
Ohsaki Public Health Center.

The person-years of follow-up were counted for each
participant, until either the date of death, withdrawal from the
NHI, or the end of the study period, whichever occurred first.
The total number of person-years accrued was 440 175.

Statistical analysis

We used Cox proportional hazards regression analysis to
calculate the hazard ratios (HRs) and 95% confidence
intervals (Cls) for all-cause mortality according to BMI
category, and to adjust for potential confounding factors,
using the SAS version 9.1 statistical software package.?* To
enable detailed examination of the association of BMI and
all-cause mortality by WHO categories, the normal weight
and overweight categories were divided into 3 and 2
categories, respectively. The BMI category 23.0-24.9 kg/m?
was selected as the reference because it is the median of the 7
categories.

Stratified analyses were conducted using 2 age groups:
middle-aged participants (40-64 years) and elderly
participants (6579 years). The classification of elderly
participants was based on a report by the WHO.2* All P
values were 2-tailed, and a P value of <0.05 was considered
statistically significant.

J Epidermiol 2010;20(5):398-407
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The following variables were selected as potential
confounding factors: 5-year age group, weight change since
age 20 years (loss of >10.0kg, loss of 5.0-9.9kg, change of
less than 5.0kg, gain of 5.0-9.9kg, or gain of >10.0kg),
education (junior high school or less, high school, or college/
university or higher), marital status (married or unmarried),
cigarette smoking (never smoker, past smoker, current smoker
consuming 1-19 cigarettes per day, or current smoker
consuming at least 20 cigarettes per day), alcohol
consumption (never drinker, past drinker, or current
drinker), time spent walking per day (less than 1 hour or 1
hour or longer), sports and physical exercise time per week
(less than 1 hour, 1-2 hours, 3—4 hours, or 5 hours or longer),
history of kidney disease (yes or no), and history of liver
disease (yes or no). We further adjusted for hypertension and
diabetes mellitus in multivariate model 2. Before including the
above potential confounders into the multivariate models, we
examined interactions between all-cause mortality and all
potential confounders through the addition of cross-product
terms to the multivariate model. Based on the results of these
analyses (data not shown), we included all the above variables
into the multivariate models. In addition, we repeated the
analyses after excluding the 739 participants who died within
2 years of baseline.

RESULTS

Baseline characteristics by BMI category

The baseline characteristics of the study participants
according to the 7 BMI categories are shown for middle-
aged men (Table 1), elderly men (Table 2), middle-aged
women (Table 3), and elderly women (Table 4). Among
middle-aged men and women, 2.3% and 2.9%, respectively,
were underweight, about 50% of each had a BMI from 21.0 to
24 9kg/m? 25.7% and 28.5% had a BMI from 25.0 to
29.9kg/m?, and 2.3% and 3.4% were obese, respectively.
Among elderly men and women, 5.8% and 5.9%,
respectively, were underweight, about half of each had a
BMI from 21.0 to 24.9 kg/m?; 19.2% and 27.9% had a BMI
from 25.0 to 29.9kg/m?, and 1.4% and 4.0% were obese,
respectively.

In men, mean age decreased linearly with an increase in
BMI category. In women, middle-aged women with a BMI
from 25.0 to 27.4kg/m?> and elderly women who were
underweight were oldest. The proportions of men and women
who had lost >5kg of body weight since age 20 years
decreased with increasing BMI category. Participants with the
highest level of education were middle-aged men with a BMI
from 25.0 to 27.4kg/m?, middle-aged women with a BMI
from 18.5 to 20.9kg/m?, and underweight elderly men and
women. The proportions of unmarried men and women were
higher among those who were underweight and obese. The
proportions of men and women who were current smokers
decreased with increasing BMI. The proportions of men and

J Epidemiol 2010;20(5):398-407

women who had never drunk alcohol were highest in the
underweight, with the exception of middle-aged women.
Underweight and obese men and women were less likely to
walk 1 hour or longer per day and to participate in <1 hour of
sports or physical exercise per week. The proportions of men
and women who had histories of hypertension and diabetes
increased with an increase in BMI category. The proportions
of middle-aged men and elderly women who had histories of
kidney disease and liver disease did not significantly differ
across BMI categories. The proportions of participants with
histories of liver disease and kidney disease were highest
among elderly obese men and underweight middle-aged
women, respectively.

All-cause mortality by BMI category

Table 5 (for men) and Table 6 (for women) show person-year
totals, numbers of all-cause deaths, and HRs of all-cause
mortality with 95% ClIs according to BMI category and age
group.

In men, we observed significantly increased risks of
mortality in the underweight and obese: the model 1
multivariate HRs (95% CI) were 1.42 (1.23-1.65) and 1.44
(1.11-1.87), respectively. After stratification by age group, we
observed a significantly increased risk of mortality in elderly
underweight men: the model 1 multivariate HRs were 1.26
(0.92-1.73) in middle-aged men and 1.49 (1.26-1.76) in
elderly men. There was also a significantly increased risk of
mortality in middle-aged obese men: the model 1 multivariate
HRs were 1.71 (1.17-2.50) in middle-aged men and 1.25
(0.87-1.80) in elderly men.

In women, we observed significantly increased risks
of mortality in the underweight and obese: the model 1
multivariate HRs were 1.49 (1.24-1.80) and 1.33 (1.05-1.69),
respectively. After stratification by age group, we observed an
increased risk of mortality irrespective of age group in the
underweight category: the model 1 multivariate HRs were
1.46 (0.96-2.22) in middle-aged women and 1.47 (1.19-1.82)
in elderly women. However, we did not observe an excess risk
of mortality with age in the obese: the model 1 multivariate
HRs were 1.47 (0.94-2.27) in middle-aged women and 1.26
(0.95-1.68) in elderly women.

The inclusion of covariates for histories of hypertension and
diabetes (model 2) attenuated the HR in adults with a BMI
>25.0kg/m? and increased the HR in those with a BMI
<23.0kg/m®. However, model 2 multivariate HRs were
similar to model 1 HRs. After the exclusion of participants
who died during the first 2 years of follow-up (model 3),
multivariate HRs were similar to model 2 HRs in men and
obese women. In underweight women, however, there was no
excess risk of mortality with age: the model 3 multivariate
HRs were 1.78 (1.13-2.81) in middle-aged adults and 1.45
(1.15-1.83) in elderly adults.

We also calculated model 1 multivariate HRs after changing
the reference category to 18.5<BMI<24.9kg/m? from
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Table 1. Baseline characteristics by BMI® category in 13764 men aged 40-64 years

BMI (kg/m?)

P valueP

<18.5 18.5-20.9 21.0-229 23.0-24.9 25.0-274 275-29.9 230.0

No. of subjects 310 2159
Mean age (years) (SD?)
Mean weight (kg) (SD)
Mean height (cm) (SD)
Mean BMI (kg/m?) (SD)

3591 3852 2637 903 312

542 (7.7) 53.0(80) 53.1(7.8) 532(7.6) 52.8(7.6) 521(74) 52.0(7.6) <0.0001
489 (4.8) 546 (4.6) 594 (47) 646(52) 703(58) 77.4(6.3) 86.9(14.8) <0.0001
166.3 (7.6) 164.9 (6.6) 164.0 (6.3) 164.1 (6.2) 164.1(6.5) 164.8 (6.5) 163.6 (19.1) <0.0001
17.6(0.9) 20.1(0.7) 22.1(05) 24.0(06) 26.1(0.7) 285(0.7) 324 (4.7) <0.0001

Weight change since age 20 years (%)

<-10.0kg 244 8.5

-9.9 to -5.0kg 26.8 21.9

~-4.9 to +4.9kg 43.5 61.2

+5.0 to +9.9kg 4.4 71

2+10.0kg 1.0 1.3
Education (%)

Junior high school or less 57.2 56.6

High school 357 35.9

College/university or higher 71 7.5
Marital status (%)

Married 84.3 87.0

Unmarried 15.7 13.0
Smoking status (%)

Never smoker 13.1 13.1

Past smoker 16.8 14.1

Current smoker, 1—19 cigarettes/day 23.4 26.6

Current smoker, 220 cigarettes/day 46.7 46.3
Alcohol drinking (%)

Never drinker 20.7 147

Past drinker 14.4 7.3

Current drinker 64.9 78.0
Time spent walking (%)

21 hour/day 443 55.9

<1 hour/day 55.8 441
Sports and physical exercise (%)

25 hours/week 24 5.8

3-4 hours/week 3.8 41

1-2 hours/week 1.9 121

<1 hour/week 81.9 781
History of hypertension (%)

Yes 10.0 12.6

No 90.0 87.4
History of diabetes (%)

Yes 6.1 4.5

No 93.9 95.6
History of kidney disease (%)

Yes 4.5 4.3

No 95.5 95.7
History of liver disease (%)

Yes 6.1 6.4

No 93.9 93.7

4.0 28 1.5 25 0.7 <0.0001
14.2 8.0 4.5 3.3 3.0
57.2 36.1 15.5 6.6 4.3
19.9 32,9 281 12.3 7.2
4.6 20.2 50.4 752 84.9
55.8 55.1 52.3 54.2 55.8 NS?
36.8 37.2 39.0 37.3 35.6
7.5 7.7 8.7 8.6 8.6
88.8 89.7 88.6 90.4 82.4 0.0072
1.2 10.3 1.4 9.6 17.6
18.2 215 249 24.9 23.6 <0.0001
17.2 19.4 229 21.2 19.5
20.9 19.0 14.7 13.3 13.8
43.7 40.2 37.5 40.7 43.1
14.3 14.5 14.7 15.2 19.7 <0.0001
73 5.9 7.0 5.8 8.9
784 79.7 78.3 79.1 71.5
53.8 53.0 49.1 46.1 453 <0.0001
46.2 47.0 50.9 53.9 54.7
54 5.8 4.5 4.4 5.9 0.0367
4.7 5.2 5.0 4.8 3.0
14.2 14.1 14.3 16.8 12.9
75.7 75.0 76.2 75.0 78.2
14.6 17.2 21.2 26.8 253 <0.0001
85.4 82.8 78.8 73.2 747
5.9 5.9 6.6 7.3 9.6 0.0015
94.2 94.1 93.4 92.7 90.4
3.3 3.0 3.5 4.7 2.6 NS
96.7 97.0 96.6 95.4 97.4
6.2 7.0 7.4 7.6 8.0 NS
93.8 93.0 92.6 924 92.0

aBMI, body mass index; SD, standard deviation; NS, not significant.

bp yalues were calculated by using the chi-square test (for categorical variables) or ANOVA (for continuous variables).

23.0 < BMI < 24.9kg/m? (model 4). The HRs were similar to
model 1 HRs: the model 4 multivariate HRs in underweight
men were 1.18 (0.88-1.60) in middle-aged men and 1.42
(1.26-1.76) in elderly men, in obese men they were 1.64
(1.13-2.38) in middle-aged men and 1.25 (0.87-1.80) in
clderly men, in underweight women they were 1.38
(0.94-1.99) in middle-aged women and 1.43 (1.19-1.71) in
elderly women, and in obese women they were 1.41
(0.92-2.16) in middle-aged women and 1.25 (0.95-1.64) in
elderly women.

DISCUSSION

The present results indicate that the mortality risk
associated with underweight and obesity might be
dependent upon sex and age group. We noted significant
increased risks of mortality only in middle-aged obese men
and elderly underweight men. In women, there was no
significant excess risk of mortality with age in the obese,
and no significant increased risk of mortality, irrespective of
age group, in the underweight.
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