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Sense of Life Worth Living (/kigai) and Mortality in Japan: Ohsaki Study

Tosuimasa Sone, OTR, BA, Naoki Nakava, PuD, Kaori Oumort, MD, PuD, Tawcm Suimazu, MD, Pub,
Mizuka Hicasmcucn, PuD, Masako Kakizaki, MS, Nosutaka Kmocs, MD, PHD,
Sumicir Kurivama, MD, PuD, anp lciiro Tsun, MD, PuD

Objective: To investigate the association between the sense of “life worth living (ikigai)” and the cause-specific morality nisk. The
psychological factors play important roles in morbidity and mortality risks. However. the association between the negative
psvchological factors and the risk of mortality is inconclusive. Methods: The Ohsaki Study. a prospective cohort study. was
initiated on 43,391 Japanese adults. To assess if the subjects found a sense of ikigai, they were asked the question, “Do you have
ikigai in your life”" We used Cox regression analysis to calculate the hazard ratio of the all-cause and cause-specific mortality
according to the sense of kigai categories. Results: Over 7 years® follow-up, 3048 of the subjects died. The nisk of all-cause
mortality was significantly higher among the subjects who did not find a sense of tigai as compared with that in the subjects who
found a sense of ikigai: the multivariate adjusted hazard ratio (95% confidence interval) was 1.5 (1.3-1.7). As for the cause-specific
mortality, subjects who did not find a sense of ikigai were significantly associated with an increased risk of cardiovascular disease
(1.6; 1.3-2.0) and external cause mortality (1.9; 1.1-3.3), but not of the cancer montality (1.3, 1.0-1.6). Conclusions: In this
prospective cohort study, subjects who did not find a sense of ikigai were associated with an increased risk of all-cause mortality.
The increase in martality risk was attributable to cardiovascular disease and external causes, but not cancer. Key words: sense of

life worth living (ikigai), Japanese, all-cause monality, cause-specific mortality.

CVD = cardiovascular disease; NHI = National Health Insurance;
PHC = Public Health Center; THD = ischemic heart disease; HR =
hazard ratio; CI = confidence interval; BMI = body mass index.

INTRODUCTION
he psychological factors of people play important roles in
the morbidity and mortality risks (1-17). Studies in the US

and Europe have reported that the negative psychological
factors, as represented by factors such as a low subjective
sense of well-being (1), dissatisfaction (2-4), hopelessness
(5,6), and self-perception of ill health (7-9), were associated
with an increased risk of all-cause mortality. The association
between the negative psychological factors and the mortality
risk has been reported to be independent of the objective
health status, socioeconomic status, or the health-related life-
style.

In Japanese culture, having a sense of “life worth living
(ikigai)” is the most commonly used indicator of subjective
well-being. The sense of “life worth living (ikigai)™ does not
merely reflect an individual's psychological factors (well-
being. hopes) but also an individual’s consciousness of the
motivation for living, because it has a meaning akin to having
a “purpose in life” and “reason for living.” The term ikigai is
commonly used in such phrases as “this hobby is what makes
my life worth living (ikigai)” or “raising children makes my
life worth living (ikigai)”. In the most authoritative dictionary
in Japan, the sense of ikigai is described as “joy and a sense
of well-being from being alive” and of “realizing the value of
being alive” (18). Three earlier studies in Japan have reported
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that the lack of ikigai was significantly associated with an
increased risk of all-cause mortality (10-12).

The association between the negative psychological factors
and the risk of cause-specific mortality is, however, inconclu-
sive (11,13-16), Some studies have indicated an association
with cancer mortality, whereas others have denied any such
association (11,13,14). As for cardiovascular disease (CVD)
mortality, no agreement has been reached among past studies
(11,14-16). A Japanese study reported that the lack of ikigai
was significantly associated with CVD mortality, but not
cancer mortality (11). On the other hand, another study re-
ported that the lack of ikigai was associated with an increased
risk of breast cancer (17).

Because the causes differ between CVD and cancer, the
impact of the psychological factors on mortality risk may also
differ between CVD and cancer. Determination of this differ-
ence would strengthen our understanding of the mechanism
underlying the impact of the psychological factors on physical
health and illness. In this study, we attempted to test the
hypothesis that the association between ikigai and mortality
risk is dependent on the specific cause of death. To test this
hypothesis, we investigated the association between ikigai and
the cause-specific mortality in a population-based prospective
cohort study in Japan. Among all the studies conducted until
now in Japan (10-12), the present study had the largest
number of subjects, the largest number of decedents, and
the most comprehensive set of covariates for multivariate
adjustment.

METHODS

The present data were denved from the Ohsaki National Health Insurance
(NHI) Cohon ‘i:ud} The study design has been reported previously (19-22).
A self-admini q was distributed between October and De-
cember 1994 10 all \JHI beneficiaries aged 40 to 79 years and hiving in the
catchment areas of the Ohsaki Public Health Center (PHC) (n = 54,996). The
Ohsuki PHC, a local governmental agency, provides preventive health ser-
vices for the residents of 14 municipalities in Miyagi Prefecture in northeast-
ern Japan. The questionnaires were delivered to the subjects” residences by
public health officials in cach mumicipality. This procedure yielded a high
response rate of 94.6% (n = 52.029). We excluded 811 subjects because they
had died or withdrawn from the NHI before January 1, 1995, when we started
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the prospective collection of NHI claim history files, and finally, o total of
51,218 subjects formed the study cohort This study was approved by the

T. SONE et al.

TABLE 1. Characteristics of Study Subjects According to Tkigai

Ethics € of Tohoku Uni ¥ School of Medici
the return of self-admini 4 g
their consent to participate in the study,

The 93-item questionnaire at the
related 1o the following ten factors: past medical hstory, family history,
physical health status, drinking habit, smoking habit, dictary habit, job,
marital status, education, and other health-related factors, including tkigal
(19).

Ikigai was asscssed through the subject’s response 1o the question, “Do
you have tkigai in your [ife? The subjects were asked to choose one of three
answers: “yes,” “uncertain,” or “no."

The endpoints were all-cause
follow up the subjects for mortality and nugration, we reviewed the NHI
withdrawal history files. When a subject was withdrawn from the NHI system
k of death, emigration, or employ
reason were coded on the NHI withdrawal history files. Because we were
unable to obtain subseq infi ion on the subj
the NHI, we discontinued follow-up of the subjects who withdrew from the
NHI system because of emigration or employment,

For the decedents, we investigated the cause of death by reviewing the
death certificates filed at the Ohsaki PHC. Cause of death was classified
according to the International Classification of Diseases, 10th Revision (23).
We identified deaths from cancer as codes C00-C97, CVD as codes 00199
(including ischemic heart disease (IHD) as codes 120-125 and stroke as codes
160-169), pneumonia as codes J10-J18, and external causes as codes V01—
V9, WO0-W99, X00-X99 (including swicide as codes X60-X84), and
YO01-¥34. None of the subjects died of unknown causes. Because the Family
Registration Law in Japan requires registration of death, death certificates
confirmed all the deaths that occurred in the study area.

OFf the 51,218 subjects who participated in the bascline survey, we

lity and cause-sp

excluded 2939 subjects who had not indi 1 any
about ikigai and the 4888 subjects who had a history of cancer, myocardial
infarction, or stroke. C
41,39] subjects (20,625 men and 22,766 women),

We counted the person-years of follow-up for each subjeet from January
1, 1995 until the date of death, date of withdrawal from the NHI, or the end
of the study period (December 31, 2001), whichever occurred first. We
accrued 269,989 person-years of follow-up. During the follow-up, 3048
(7.0%) subjects died and 5187 (12.0%) subjects were lost to follow-up

The Kaplan-Meier survival curves were used to obtain estimates of
survival at 7 years, and the log-rank test was used 10 test for significant
differences between survival curves for the various response catggories for
ikigaf, using the SAS LIFETEST procedure on SAS, version 9.1 (SAS
Institute, Cary, North Carolina). Cox proportional hazards regression analysis
was used to caleulate the hazard ratios (HRs) and 95% confidence intervals
(Cls) of all-cause and cause-specific momality according to the response
categories for ikigai and to adjust for potential confounders, using the SAS
PHREG p on SAS, i
hazard assumption was verified by adding a nme-dependent vanable to each
model to confirm that the HR for each covanate did not increase or decrease
over time. All p values were two-sided, and differences at p < 05 were

idered 10 be ically signifi In ion b
and ikigai was tested by a multiplicative model.

We considered the following variables as potential confounders; age at
baseline (continuous variable), sex {men or women), marital status (married,
widowed/divorced, or single), education (junior high school ar higher), job
(employed or unemployed), self-rated health (bad or poor, fair, or good or
excellent), perceived mental stress (high, moderate, or low), bodily pain
(severe or moderate, mild or very mild, or none), physical function (limited or
unlimited), body mass index (BMI) in kg/'m” (=184, 18.5-24.9, or =25.0),
smoking status (never, former, currently smoking 119 cigarertes/day, or =20
cigarettes/day), alcohol consumption (never, former, current ethanol intake of
=227 g/day, 22.8-45.5 g/day, 45.6-68.3 g/day, or =68.4 g/day), time spent
walking (<1 hour/day or =1 hour/day). sleep duration (=6 hours/day, 7-8
hours/day, or =9 hours/day), and history of hypertension, diabetes mellitus,

710

(n = 43,391)
We idered
signed by the subjects to imply Ikigoi
SUrvVey © d of g Yes Uncertain No
No. of subjects 25,596 15,782 2013
Age at baseline, years 60.3 * 10,2 59.6 =105 61.4 =111
(mean = SD)
Women (%) 50.1 55.6 57.4
Marital status (%)
Married B4.8 79.2 68.9
ific mortality. To Widowed/divorced 12.8 15.0 21.7
Single 2.5 5.7 9.4
Education (%)
, the withd 1 data and its Junior hlgh school 56.9 62.4 67.1
Higher 431 37.6 329
jects who withdrew from 10D (%)
Employed 67.3 60.0 47.6
Unemployed 27 40.0 524
Self-rated health (%)
Bad or poor 12.3 248 46.6
Fair 10.8 208 169
Good or excellent 76.9 54.5 36.5
Perceived mental stress (%)
High 124 19.2 36.3
Moderate 65.6 70.4 43.2
Low 220 10.3 20.5
Bodily pain (%)
Severe or moderate 13.4 20.0 333
Mild or very mild 50.3 541 40.9
vorthe None 36.3 259 258
2 = Physical function (36)
v, our final analysis included the data of Limited 18.9 29.6 48.6
Unlimited 811 70.4 514
BMI, kg/m? (%)
=184 3.0 4.0 6.6
18.5-24.9 67.6 67.5 65.1
=250 29.5 28.5 284
Smoking status (%)
Mever 53.0 55.0 549
Former 14.9 13 14.0
Current, 1-19 cigarettes/ 118 122 12.3
day
Current, =20 cigarettes/ 20.3 19.8 18.9
day
Alcohol consumption (%)
Never 42,6 47.0 49.8
) i i Former 6.3 8.3 11.3
2T IR o S Sereas o Current, =22.7 g/day 21.9 19.2 16.9
ethanol
Current, 22.8-45.5 g/day 10.4 8.6 7.6
each variable ethanol
Current, 45.6-68.3 g/day 12.5 101 7.2
ethanol
Current, =68.4 g/day 6.3 6.7 7.2
ethanol
Time spent walking (%)
<1 hr/day 50.7 57.5 65.0
=1 hr/day 49.3 425 35.0
Sleep duration (%)
=6 hrs/day 15.2 16.7 195
7-8 hrs/day 69.2 65.9 55.7
=9 hrs/day 15.6 17.4 248
(Continued)

Psychosomatic Medicine 70:709-715 (2008)



IKIGAI AND MORTALITY

TABLE 1. Continued
Ikigai
Yes Uncertain Mo
History of illness (%)
Hypertension 24.4 265 30.0
Diabetes mellitus 5.2 6.1 9.2
Kidney disease 35 3.9 5.0
Liver disease 51 5.6 6.0
Gastric or 14.5 14.2 140
duodenal ulcer
Arthritis 8.8 10.0 123
Osteaporosis 3.4 4.0 6.0

SD = standard deviation; BMI = body mass index.

kidney di liver
rosis (presence or absence).

In addition, we repeated all analyses after excluding the deaths that
ocourred within the first 2 years of follow-up (644 all-cause deaths), because
subjects who died within the first 2 years of follow-up might have been in
poor health at bascline. Stratified analyses according to confounders were
conducied in relationship 1o the association between ikigal and the monality
risk, because ikigai may be associated with the nisk of all-cause mortality
ind dent of socic factors, other psychol | factors, physical

function, lifestyle habits, or history of illness:

gastric or duodenal ulcer, arthritis, or osteopo-

RESULTS

Over the 7 years of follow-up, the total number of deaths
was 3048, This number included 1100 deaths from cancer,
971 deaths from CVD (including 207 from IHD and 479 from
stroke), 241 deaths from pneumonia, and 186 deaths from
external causes (including 90 from suicide).

Among the 43,391 subjects enrolled, 25,596 (59.0%) indi-
cated that they found a sense of ikigai, 15,782 (36.4%) indi-
cated they were uncertain, and 2013 (4.6%) indicated they did
not find a sense of ikigai, As compared with those who found

a sense of ikigai, those who did not were more likely to be
unmarried, unemployed, have a lower educational level, have bad
or poor self-rated health, have a high level of perceived mental
stress, have severe or moderate bodily pain. have limitation of
physical function, and less likely to walk (Table 1),

The Kaplan-Meier curves indicated that those who did not
find a sense of ikigai were associated with an increased risk of
all-cause mortality (p < .001) (Figure 1). Table 2 shows the
HR (95% CI) of all-cause and cause-specific mortality accord-
ing to the response categories for ikigai. There was a statisti-
cally significant association between ikigai and the risk of
all-cause mortality, As compared with subjects who found a
sense of ikigai, the multivanate adjusted HR (95% CI) of
all-cause mortality was 1.1 (1.0-1.2) for those who were
uncertain, and 1.5 (1.3-1.7) for those who did not find a sense
of ikigai. This finding remained basically unchanged even
after excluding the deaths that occurred within the first 2 years
of follow-up.

The above-mentioned increase in the all-cause mortality
risk was attributable to an increased risk of mortality from
CVD, pneumonia, and external causes. However, ikigai
was not associated with the risk of cancer mortality. As
compared with those who found a sense of ikigai, the
multivariate HR (93% CI) in those who did not find a sense
of ikigai was 1.6 (1.3-2.0) for CVD, 1.8 (1.2-2.7) for
pneumonia, 1.9 (1.1-3.3) for external causes, and 1.3 (1.0-
1.6) for cancer.

We further investigated the risk of mortality from IHD
and stroke among the CVD mortality. As compared with
those who found a sense of ikigai, those who did not find
a sense of rkigai were significantly associated with an
increased risk of stroke mortality, but not of IHD mortality.
The multivariate HR (95% CI) in those who did not find a
sense of ikigai was 2.1 (1.6-2.9) for stroke and 0.9 (0.5-
1.7) for IHD.

Probahility of survival (%)
2

L
. ~
kot Ye —— g
-
kgt Uncertam  seeees - -.\
85 S
ikigai Nov —_— -
80
T T T T T '
0 | 2 3 4 5 6 7
Time since hase-line investigation (years)
Figure 1. Kaplan-Meier curves of all-cause mortality according to ikigal (n = 43.391)
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T. SONE et al.

TABLE 2. Hazard Ratlos (HRs) of Mortality According to fkigai (n = 43,391)

Ikigai
Yo Uncertain No
Person-years of follow-up 160,210 97,232 11,847
All-cause
No. of cases 1547 1206 295
Age and sex adjusted HR (95% CI) 1.0 (reference) 1.4 (1.3-1.5) 2.5 (2.2-2.9)
p-values — <.001 <.001
Multivariate HR1 (95% CI) 1.0 (reference) 1.1 (1.0-1.2) 1.5 (1.3-1.7)
pvalues — 006 <.001
Multivariate HR2 (95% CI) 1.0 (reference) 1.1 (1.0-12) 14 (1.2-1.6)
pvalues — 082 =.001
Cancer
No. of cases 653 374 73
Age and sex adjusted HR (95% ClI) 1.0 (reference) 1.1 (0.9-1.2) 1.5 (1.2-2.0)
pvalues = 45 <.001
Multivariate HR1 (25% CI) 1.0 (reference) 0.9 (0.8-1.1) 1.3 (1.0-1,6)
pvalues — .36 061
Multivariate HR2 (95% CI) 1.0 (reference) 0.9 (0.8-1.1) 1.2 (0.9-1.6)
p-values _ A1 22
Cardiovascular disease
No. of cases 460 399 112
Age and sex adjusted HR (95% Ci) 1.0 (reference) 1.5 (1.4-1.8) 3.0 (2.5-3.7)
pvalues — <.001 <.001
Multivariate HR1 (95% CI) 1.0 (reference) 1.2 (1.0-1.4) 1.6 (1.3-2.0)
p-values — 014 <.001
Multivariate HRZ (25% Ci) 1.0 (reference) 1.1 (0.9-1.3) 1.6 (1.2-2.0)
p-values — .24 <.001
Ischemnic heart disease
No. of cases 96 a7 14
Age and sex adjusted HR (95% C1) 1.0 (reference) 1.8 (1.4-2.4) 1.9 (1.1-3.3)
p-values —_ <.,001 029
Multivanate HR1 (95% CI) 1.0 (reference) 1.4 (1.0-1.8) 0.9 (0.5-1.7)
p-values — 048 81
Multivariate HR2 (95% CI) 1.0 (reference) 1.4 (1.0-2.1) 0.9 (0.4-1.9)
pvalues — 048 73
Stroke
No. of cases 222 192 65
Age and sex adjusted HR (95% C1) 1.0 (reference) 1.5 (1.3-1.9) 3.6 (2.7-4.8)
pvalues — =.001 <.001
Multivariate HR1 (25% CI) 1.0 (reference) 1.2 (1.0-1.5) 21 (1.6-2.9)
pvalues — 035 =.001
Multivariate HR2 (95% CI) 1.0 (reference) 1.1 (0.9-1.4) 1.9 (1.3-2.7)
pvalues — 37 <.001
Pneumonia
Mo. of cases 102 105 34
Age and sex adjusted HR (95% CI) 1.0 (reference) 1.9 (1.5-2.5) 4.0(2.7-5.9)
p-values — <001 <.001
Multivariate HR1 (95% C1) 1.0 (reference) 1.3(1.0-1.7) 1.8 (1.2-2.7)
pvalues - 091 .oos
Multivariate HR2 (95% CI) 1.0 (reference) 1.3 (0.9-1.7) 1.3(0.8-2.2)
pvalues — 13 .30
External cause
Mo. of cases 27 76 19
Age and sex adjusted HR (95% CI) 1.0 (reference) 1.5(1.1-2.0) 3.0(1.8-4.9)
p-values — on =.001
Multivariate HR1 (95% CI) 1.0 (reference) 1.3 (0.9-1.7) 1.9201.1-3.3)
prvalues — A5 .018
Multivariate HR2 (95% CI) 1.0 (reference) 1.2 (0.8-1.8) 2.4 (1.3-4.4)
p-values —_ 27 003
(Continued)
nz Psychosomatic Medicine 70:709-715 (2008)



IKIGA] AND MORTALITY

TABLE 2. Continued
Ikigai
Yes Uncertain No
Suicide

MNo. of cases 44 38 B
Age and sex adjusted HR (95% CI) 1.0 (reference) 1.5(1.,0-2.3) 2.7(1.3-5.7)
pvalues - 067 on
Multivariate HR1 (95% CI) 1.0 (reference) 1.4(0.9-2.2) 2.0(0.9-4.4)
p-values — A5 oI
Multivariate HR2 (95% CI) 1.0 (reference) 1.4 (0.8-2.5) 2.5(0.9-6.7)
p-values — 21 079

HRI denotes the HR with death from all-causes included i the model,

HR2 denotes the HR with death from all-causes in the first two years of follow-up (644 deaths) excluded from analysis in the model.

Multivariate HR are adjusted for age (¢

variahle), sex (men or women), marital status (mamied, widowed/divorced, or single), education (junior high

school or higher), job (employed or unemployed), self-rated health (bad or poor, fair, or good or excellent), perceived mental stress (high, moderate, or low),
bodily pain (severe or moderate, mild or very miid. or none), physlcal function (limited or unlimited), body mass index in kg/m® (=18.4, 18.5-24.9, or 225.0),

smoking status (never, former, ly 2 1-19 cigar

/day, or =20 o

/day), alcohol

tion (never, former, current ethanol intake of

-

=227 g/day, 22.8-45.5 g/day, 45.6-68.3 ga’dny or =68.4 g/day), time spent walking (<1 hour/day or =1 hourid.nﬂ, sleep duration (=6 hours/day, 7-8

hours/day, or =9 hours/'day), and history of hypertension, diabetes mellitus, kidney di

sis (presence or absence).
MNumbers in parentheses are 95% confidence intervals (Cls).
Cl = confidence interval

Regarding the external causes of death (186 deaths), sui-
cide (90 deaths) was the most commonly encountered cause.
The risk of suicide mortality was associated with the sense of
ikigai at an almost significant level. As compared with those
who found a sense of ikigai, the multivariate HR (95% CI) in
those who did not find a sense of ikigai was 2.0 (0.9-4.4) for
suicide.

The association between ikigai and pneumonia mortality
disappeared after excluding the deaths that occurred within the
first 2 years of follow-up, As compared with those who found
a sense of ikigai, the multivariate HR (93% CI) in those who
did not find a sense of ikigai was 1.3 (0.8-2.2) for pneumonia.
The risk of other cause-specific mortality remained basically
unchanged afier excluding the deaths that occurred within the
first 2 years of follow-up, The results obtained after excluding
the deaths that occurred within 3 to 4 years of follow-up also
showed an increase in the all-cause monality risk among the
subjects lacking a sense of ikigai.

We found that those who did not find a sense of ikigai were
associated with an increased risk of all-cause mortality, inde-
pendent of socioeconomic factors, other psychological factors,
physical function, lifestyle habits. and history of illness. As
shown in Table 1, the lack of ikigai was associated with poorer
psychosocial status and poorer physical health status. We
conducted stratified analyses to examine whether the associ-
ation between the ikigai and morality was dependent on the
variables listed in Table 1. As shown in Table 3, there were no
differences across age strata (p for interaction = .80). Like-
wise, no significant effect modification of other confounding
variables was shown either (p for interaction = >.03). The
lack of ikigai was associated with an increased risk of all-
cause mortality, independent of the sex, marital status, edu-
cational level, employment, self-rated health, perceived
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liver di gastric or duodenal ulcer, arthritis, or osteoporo.

mental stress, bodily pain, and physical function. We also
attempted to conduct stratified analyses according to lifestyle
variables and history of illness. The lack of ikigai was asso-
ciated with an increased risk of all-cause mortality, indepen-
dent of the BMI, smoking status, alcohol consumption, time
spent walking, sleep duration, and a history of illness (data not
shown).

DISCUSSION

In this population-based prospective cohort study in Japan,
those who did not find a sense of ikigai were significantly
associated with an increased risk of all-cause mortality, The
increase in mortality risk was atiributed to an increase in the
mortality from CVD (mainly stroke) and external causes, but
not to the morality risk from cancer. In our study subjects,
those who did not find a sense of ikigai were likely to have a
poorer socioeconomic status and poorer objective health sta-
tus. However, the mortality risk in those who did not find a
sense of ikigai was consistently increased, irrespective of
socioeconomic factors, other psychological factors, physical
function, lifestyle habits, and a history of illness,

Although many studies have reported an association be-
tween the psychological factors and all-cause mortality nisk
(1-12), the association between the negative psychological
factors and the risk of cause-specific mortality remains incon-
sistent. In Japan, only one study has investigated the associ-
ation between ikigai and the risk of cause-specific mortality
(11). The lack of ikigai was associated an increased risk of
CVD mortality, but not of cancer mortality. Our findings were
consistent with this previous report. In addition, we have
shown new evidence indicating that the lack of ikigai may also
be associated with an inereased risk of mortality from external
causes, but not from pneumonia.
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TABLE 3. Multivariate Huzard Ratios (HRs) of Al-Cause Mortality According to Iigai Stratified by Socioeconomic Factors, Other
Psychological Factors, or Physical Function
Tkigar
No. of Subjects  No. of Cases p for Interaction®
Yes Uncertain MNo

Age, yT
=64 28,002 959 1.0 (reference) (0.9-1.2)  1.1(0.8-1.4) .80
=65 15,389 2089 1.0 (reference)  1.1(1,0-1.2) 1.6(1.4-1.9)

Sex
Men 20,625 1874 1.0 (reference)  1.1(1.0-1.2) 1.4(1.2-1.7) .20
Women 22,766 1174 1.0 (reference) 1.1(01.0-1.3) 1.6(1.3-2.0)

Marital status
Married 32,089 2043 1.0 (reference)  1.1(1.0-1.2)  1,6(1.3-1.9) A7
Widowed/divorced or single 7003 632 1.0 (reference)  1.2(1.0-1.4) 1.5(1.1-1.9)

Education
|unior high school 24,621 1971 1.0 (reference) 1.1 (1.0-1.2) S5(1.2-1.7) .24
Higher 16,893 BS8 1.0 (reference)  1.2(1.0-14) 1.6(1.2-2.2)

Job
Employed 20,372 995 1.0 (reference)  1.2(1.1-1.4)  1.8(1.4-2.4) 43
Unemployed 11,566 1163 1.0 (reference) 1.1 (1.0-1.3)  1.5(1.2-1.8)

Self-rated health
Good or excellent 28,893 1496 1.0 (reference)  1.2(1.1-1.3)  1.6(1.3-2.1) AN
Bad to fair 14,312 1524 1.0 (reference) 1.1 (0.9-1.2) 1.5(1.3-1.7)

Perceived mental stress
Low 7600 593 1.0 (reference) 1.1 (0.9-1.3) 1.7 (1.3-2.2) 32
High ar moderate 35,342 2380 1.0 (reference)  1.1(1.0-12) 1.4 (1.2-1.7)

Bodily pain
None 12,983 795 1.0 (reference) 1.1 (1.0-1.3) 1.3 (1.0-1.8) 1.00
Severe to very mild 27,487 1997 1.0 (reference) 1.1 (1.0-13) 1.6(1.4-19)

Physical function
Unlimited 32,161 1584 1.0 (reference) 1.1 (1.0-1.3) 1.3 (1.0-1.6) 10
Limited 10,245 1348 1.0 (reference) 1.1 (1.0-1.3) 1.6(1.3-1.9)

i

Multivanate HR. are d for age (

variable), sex (men or women), marital status (marmed, widowed/divorced, or single), education (junior high

school or higher), job (employed or unemployed), self-rated health (bad or poor, fair, or good or excellent), perceived mental stress (high, moderate, or low),
badily pain (severe or moderate, mild nr very mild or none), myslcul function (limited or unlimited), body mass index in kg/m® (= 18.4, 18,5249, or =25.0),
smoking status {never, former, g2 1-19 cig: L or =20 cig fday), alechol e ption (never, former, current cthanol intake of
=227 giday, 22.8-45.5 gday, 45.6~ 683 g,fduy' or =68.4 g,rd.u\r}, nmc.- spent walking (<71 hriday or = | he/day), sleep durstion t"6 hr /day, 7-8 hr:day. or

=9 hr/day), and history of hyp diabetes kidney di
Numbers in p h are 95% confid intervals (Cls).

liver di

» gastric or duodenal uleer, arthritis, or I\ (p or ).

*In calr.'uln.tl.ng p for imeraction, we treated age as continuous variable and others as dichotomous variable.

The present study had several methodological advantages
as compared with previous studies on the association between
fkigai and mortality, First, we investigated a variety of causes
of death (all-cause; cancer; CVD including IHD or stroke:
pneumonia and external causes including suicide). Second, we
controlled extensively for potential confounders, including
socioeconomic factors, other psychological factors, physical
function, lifestyle habits, and a history of illness, We re-
peated all the analyses after excluding the deaths that
occurred within the first 2 years of follow-up, and we
attempted to conduct stratified analyses by confounders. [n
addition, the subjects with a history of cancer, myocardial
infarction, and stroke were more likely to answer the lack
of ikigai. If we included these subjects, the association
between fkigai and the mortality risk would have been
overestimated because of confounding. Thus, we excluded
from our analysis the subjects with a history of cancer,
myocardial infarction, and stroke. Based on our findings
after taking the above details into consideration, we con-

714

cluded that the association between the negative psycho-
logical factors and the mortality risk was independent of
socioeconomic factors, other psychological factors, physi-
cal function, lifestyle habits, and a history of illness.

On the other hand, the present study also had some limi-
tations, First, we had no information on the prevalence of
mental illnesses, such as depression. Second, the sense of
ikigai among our study subjects may have been altered posi-
tively or negatively during the follow-up period. However, we
had no information on such changes. Third, we excluded those
who failed to respond to the question on whether or not the
subjects found a sense of ikigai. As compared with the char-
acteristics of those who were included in this study (43,391
subjects), those who did not indicate their response to the ques-
tion on ikigai (2939 subjects) tended to be older (mean age in
vears: 60.1 versus 63.1) and were more likely to have bad or poor
self-rated health (18.4% versus 30.1%), severe or moderatc
bodily pain (16.7% versus 22.0%), and limitation of physical
function (24.2% versus 49.1%). Thus, the association between

Psychosomatic Medicine 70:709-715 (2008)
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ikigai and mortality could have been underestimated. assuming
that the missing respondents were in poor health with more pain,
limited physical function, and/or older in age.

The increased risk of all-cause mortality among those who
did not find a sense of ikigai was mainly attributable to an
increased risk of mortality from CVD. There have been no
reports on the reasons for the increase in the mortality from
CVD in subjects lacking a sense of ikigai for the time being.
However, a previous study reported that subjects with hope-
lessness tended to have abnormal platelet functions and re-
duced heart rate variability (6). The negative psychological
factors in relationship to ikigai was associated with increased
serum levels of C-reactive protein and inflammatory cyto-
kines, and decreased serum levels of high-density lipoprotein
(24-26)—all of which are known risk markers for CVD
mortality.

In conclusion, this population-based prospective, cohort study
in Japan demonstrated that the lack of ikigai was associated with
an increased risk of all-cause mortality. This increase was mainly
attributable to an increased mortality from CVD (mainly stroke)
and that from external causes.

We thank Yoshiko Nakata, Mika Wagatsuma, and Naoko Sato for
their technical assistance.
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Objective. Although there is a clear positive association between obesity and the incidence and severity of
cardiovascular disease, the assoclation between underweight and cardiovascular disease is unclear, The
objective of this study was to examine the relation between body mass index (BMI) and cardiovascular disease
in Japan, where the proportion of the population that is underweight is relatively high.

Method. A total of 43,916 Japanese adults (21,003 men and 22.913 women) aged 40 to 79 years who had no
histary of cancer, lschemic heart disease (IHD), or stroke participated in the baseline survey in 1994. Hazard
ratios (HR) and their 95% confidence intervals (Cls) for death due to total cardiovascular disease, all strokes,
ischemic stroke, hemorrhagic stroke, and IHD were calculated according to BMI by using Cox’s propartional
hazards regression models. The 22.5-24.9 kg/m® BMI category was used as the reference category in all analyses.

Results. There were U-shaped associations between BMI and total cardiovascular disease, all stroke,
hemaorrhagic stroke, and IHD mortality, and a J-shaped association between BMI and ischemic stroke
mortality. Participants with a BMI <185 kg/m® had a significantly increased risk of total cardiovascular
disease, all stroke, hemorrhagic stroke, and IHD mortality, and the multivariate HR (95% C1) was 162 (1.19-

2.19), 150 (1.02-2.21), 211 (107417}, 183 (L11-3.01], respectively.

Conclusion. Underweight was substantially associated with hemorrhagic stroke and IHD mortality in
Japan, while obesity was associated with increased risk of rotal cardiovascular disease mortality and mortality
from individual cardiovascular diseases.

© 2008 Elsevier Inc. All rights reserved.

Introduction

Although obesity is an important nsk factor for cardiovascular
disease (Wilson et al., 2002; Field et al.,, 2001; Calle er al., 1999; Shaper
et al, 1997; Rimm et al, 1995). whether there is the association
between underweight and cardiovascular disease remains 3 matter of
CONTroversy.

Several studies in Asia, where the proportion of the population that
is underweight is relatively high, have provided data on associations
between low Body Mass Index (BMI) and cardiovascular disease,
including stroke subtypes and ischemic heart disease (IHD) (Cui et al,
2005; Song et al,, 2004; Chen et al., 2006; Oki et al., 2006; Ni Mhurchu
etal, 2004; Zhang et al, 2004; Song and Sung, 2001; Gu et al, 2006; jee
et al, 2005). Some of them have reported finding that low BMI was
assodated with an increased risk of hemorrhagic stroke [Cui et al,
2005; Song et al. 2004), IHD (Cui et al, 2005) and of ischemic stroke

* Corresponding author, Fax; +81 22 717 8125,
E-mail address: s-funada_01130hotmail.co.p (5. Funada).

0091-74357% - see front marter © 2008 Elsevier Inc All rights reserved.
doi: 10.1016/) ypmed 2008 03,010

(Oki et al., 2006), while other studies reported that it was not assoclated
with an increased risk of ischemic stroke (Cui et al, 2005; Song et al,
2004), hemorrhagic stroke (Okl et al., 2006; Ni Mhurchu et al., 2004),or
IHD (Ni Mhurchu et al, 2004; Zhang et al, 2004; Song and Sung, 2001;
Jee et al, 2005), and thus that results have been inconsistent.

We therefore conducted a population-based, prospective cohort
study among |apanese adults to clearly define the relationships
between BMI and total cardiovascular disease mortality and mortality
from individual cardiovascular diseases.

Method
Study cohort

The details of the Ohsaki National Heatth Insurance (NHI) Cobort Study have been
described previondy (Tai ot al, 19688; Touji ef al. 1998 Kuriyama ef al. 2004;
Iiu:wnaﬁaL 2066]. in brief, berween October and December 15994, we delivered a
self-ad: ire on various health habits to all NHI beneficiaries aged
40-79 years Imng in the catchment area of Ohsaki Public Health Center, Miyagi
Prefecture, in the northeast Tegion of Japan. Ohsaki Public Healtth Center is a local

agency that provi health services to the residents of 14
munklpdllhn in Miyagi I’ml‘tﬂ\ue Of the 54996 eligible individuals to whom
| were 52,029 (95%)
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On January 1, 1695, we began the prospectively collecting data on dates of death
and withdrawal from NHI by obtaining NHI withdrawal history files from the local NHI
Association. We excluded 77 participants. because they had withdrawn from NHI
before the start of the start of collection of the NHI withdrawal history files, and the
remaining 51,255 participants formed the study cohort. The study protocol was
reviewed and approved by the Ethics C of Tahoku 1 ity School of
Medicine. We considered the return of the i 4 signed by
the participant to imply consent to participation in the study.

For amment analysis. we excloded participants who died before collection of the NHI
claim history files (n=37), participants who did not answer the question about body
weight and height (n=3543) in addition, because of the possibility that atypical
diseases associabed with both the BMI extremes might have been present, we excluded
patients (n=51) who were below the 0.05th percentile (below 14.41 kg/m® for men:
below 13.67 kgim® for women) and above the 98 85th percentile |above 58 45 kyfm” for
mien; above G100 kgim® for women).

We also exclided participants who have a history of ancer (m=1596G), IHD
(n=1322), or stroke (n=1048) in sell-reported clinical histories that records were not
reviewed. As a result, there were 43 916 subjects of the analysis and amang them there
was a total of 680 cardiovascular diseave deaths.

Self-reparted BMI

The self-ad included g on body weight and height
and was used asa huellmsqur Wemdm“ammenfml adipasity 1o assess
underweight and obesity, BMI was calculated as body weight divided by the square of
body height (ki/m?). We divided the participants into groups according to following
BMI values: <185, 18.5-199, 20.0-22.4, 22.5-249, 25.0-274. 275-29.9, and 2300 keg/
m? for hazard ratios (HRs) of cardiovascular disease, all stroke, and ischemic stroke, and
<185, 185-199, 200-22.4, 125-149, 25.0-274, and 2275 kg/m® for HRs of
hemorthagic stroke and IHD. We used BMI values of 185, 250, and 30,0 kg/m® to
categorize participants, because these numbers are used in the World Health
Organization (WHO) weight categories (World Health Crganization, 1295) We further
divided 18.5-24.9 kg/m® into three equal categories, and 250-299 kg/m? into two
equal categories, The 22.5-24.9 kg/m” BMI catagary wis used as the reference category
in all analyses.
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‘We had previously evaluated the validity of self-reported body weight and height
(Kuriyama e al. 2002) In brief, in 1995 the body weight and height of 14883
p-\ml:lpams. who were a subsample of the cobort, were measured duning 3 basic health

ded by the local g The Pearson's correlation coefficient
{r) for the u‘urantrdv‘.th.ws and measured values was 0.96 (P<0.0001] for body
weight, 0.93 (P<00001) for body height. and 0.88 (P<0.0001) for BML Thus. the self-
reported heights and weights in the baseline were jered 1o be
sufficiently valid.

Follow-up

The end paints m crdiovascular disease rmrnljty. mlte mnrnhry. and I.HIJ
mortatity, We followed up the particiy y and emig| byr
the NHI mﬂ!lrawalhmmﬁluwh:napmﬁpammmﬂﬂmfmmﬂtml
system because of death, emigration. or employment. the date of withdrawal and the
reason were coded on the NHI withdrawal history files. Because we were unable 1o
obtain subsequent information on the participants who withdrew from the NHI, we
discontinued their follow-up.

For deaths thus identified, we investgated cause of death by reviewing the death
certificates filed at Ohsaki Public Health Center. Cause of death was coded by mamed
physiclans according to the International Classification of Diseases and Related Health
Problems, the Tenth Revision [ICD- 10} {World Health Organization, 1997). We identified
deaths from cardiovascular disease (codes 120-125 or 160-169), all strokes [codes 160
169, ischemic strokes (codes 163), hemorrhagic strokes (codes i61-162), and IHD (codes
120-125}).

Statistical analysis

Between 1 January 1995 and 31 December 2001 we counted the
number of person-years of follow-up for each participant from the beginning of follow-
up until the date of death, withdrawal from the NHL or the end of the follow-up,
mdmmmmmmmmwdmmwmuuwmmsﬁl

‘We used the Cox prop | hazards jon analysis and SAS software (SAS
Institute Inc, 2004) to calculate HRs and 951 confidence intervals (Cls) for

di ular disease lity according 1o category of BMI and to adjust for

Table 1
Baseline characteristics according to Body Mass Index (BMI) categories, the Ohsaki Study m Japan, 1995-2001
Variables BMI (kg/m*)
<183 185-199 200-224 215-249 250-274 275-299 =300 P
(n=1627) {n=3111) [n=12257) (n=14259) (ri=8280) [n=3156) (n=1226) value*
No. 3 No. 1 No. - No, : ! No. : | No. : S No. :
Sex
Male 718 441 1580 508 6293 513 7076 486 373 450 1209 383 404 230 <0001
Female a0u 559 1531 492 5964 487 7183 504 4557 550 1947 617 B2 670
Age+SD (years) 6444107 610+110 6014106 59.7+101 580498 5096408 B0.0410.0 <0001
Weight change since 20 years old
Lost 25 kg B42 359 M8 386 2525 232 12:2 7 310 43 93 3 24 <000}
Na charnge B4R 431 T 588 14 660 BOS0 500 1631 228 332 17 = -1
Gained 25 kg 15 M 26 i85 108 4750 393 5207 T8 2413 850 018 L0
Smoking status
Mever 684 505 1210 464 5093 490 444 534 3583 578 1632 615 661 666 < 0001
Former 185 44 352 13.5 1481 43 B2 151 1106 160 341 131 109 110
Current (<20 cigarettes/day) 235 174 443 170 1311 145 1381 114 609 BB 187 72 59 59
Current (220 cigaremes/day) 240 177 604 232 230 22 2419 200 1194 173 451 173 184 165
Alcohal drinking
Never 698 496 1170 428 4573 415 5337 428 32683 456 13111 495 557 540 <000
Former 181 128 256 94 B3 0 837 67 AB4 68 172 64 04 9.1
Current (<456 g ethanol/day] 350 249 T 285 3300 307 3960 38 2190 306 766 285 255 247
Current (2456 g ethanalfday) 177 126 527 193 2051 190 2325 W7 an 169 422 157 135 121
Hypertension
Yes 283 174 584 188 2459 2001 3584 51 2622 37 184 375 521 425 <0001
No 1344 826 2527 812 9798 799 10675 749 5658 683 1972 625 705 575
Diabetes mellitus
Yes 85 53 144 45 E72 55 B 62 552 87 24 Al 15 a4 <0001
No 1541 947 2967 954 11585 a45 13380 918 7734 913 2932 w19 1 0.6
Walking duration
<1h R92 612 1485 518 5757 515 6836 524 4250 562 1707 583 688 624 <0001
i h 566 388 1382 482 5414 485 6206 476 3308 418 1R 407 M4 376
Education
Lintil age up to 15 years a3 612 1761 592 6832 582 7aMq 582 4T GO0 1881 B4 TH 6659 <0001
Unril age 16-18 years 472 o an 327 3M3 316 4630 338 2619 329 926 307 30 awl
Until age 219 years 118 7B 1M 52 959 82 1090 80 567 7 208 B9 /3 54

* P values were caloulated by chi-syuared test (categorical vanables), or ANOVA [continuous variables)
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| hazards

confounding factors, The prog were tested grap
before we carried out the Cox ) sex and BMI
category ms tested byaddlnon of cross-| pmducl werms 10 the mulnivaniate model The

and lat disease mortality did not vary by
sumpﬂh.ﬂfnrﬂﬂﬂmhﬂmrﬂﬂlnd BMI categories for cardiovascular
disease, all stroke, ischemic stroke, hemorrhagic stroke, and THD were 022, 0.11, 020,
0385, and 095, respecrively. All reported P values are two-tailed, and differences at
P05 were considered statistically significant.

We considered the Sollowi iables 10 be Sounders: age (in years).
sex, smoking status (never, former. 1- !9 dnrr.rm!d-lr azo digarettes/dayl. drinklna
status (never, former, <456 g eth y, 2456 g ifday), walking d

(21 hiday, <1 Ndanandduulm(upmlSpmdmupmi&-lsyemdm upto
219 years of age). We also adjusted for weight change since 20 years old of age (5 kg or
more loss, no change, 5 kg or more gain), to account for weight change due to
subclmical diseases. Walking duration was used as measurement of physical activity,
because walking is the mast common type of physical activity among middle-aged and
older individuals in rural Japan. The validity and reproducibility of the g aire in
m:nmﬂmlmmmwmﬁwhmﬂ&}m}%dw
analyzed the interactions b walking and BMI categy tested by
mnmormmmmmmmnmmmnnmumm
BMI and ar disease ity did not differ according to walking
mu.slP for interaction = =0.20). We repeated all analysis after excluding of participants
had died from cardiovascular disease during the first three years of follow-up. Since we
Mhmﬁwmmmlmnmmhme

BMI and card ular disease mortality, we did not

include them in the model.
Results

The baseline characteristics according to BMI category are shown
in Table 1. The proportion of females was higher in the high BMI
categories (P<0.0001). The participants with a BMI 230.0 kg/m* were
more hypertensive, more diabetic, less educated, smoked less, drank
less, and walked less than the participants in the lower BMI categories
(P<0.0001). The participants with a BMI <185 kg/m? were older, less

Table 2 shows the age, sex-adjusted and multivariate-adjusted HRs
for cardiovascular disease mortality according to BMI category, There
was a U-shaped association between BMI and cardiovascular disease
mortality, After adjustment for age, sex, smoking status, alcohol
drinking, walking duration, and education, the multivariate HR (95%
Q1) for cardiovascular disease mortality relative to a BMI of 22.5-
249 kg/m? was 1.81 (1.35-2.42) for BMI <18.5 kg/m? 1.45 (1.11-1.90)
for BMI of 18.5-19.9 kg/m?, and 1.74 { 1.15-2.63) for BMI 230.0 kg/m’.

After further adjustment for weight change since 20 years of age, the
multivariate HRs for cardiovascular disease mortality decreased in the
BMI categories < 185 kg/m® and 185-19.9 kg/m?, but a U-shaped asso-
ciation was still observed. Relative to 3 BMI of 225-249 kg/m?, the
multivariate HR was 1.62(1.19-2,19) for BMI < 18 5 kg/m?, 1.34( 1.01-1.76)
for BMI of 18.5-19.9 kg/m®, and 1.88 (1.23-2.87) for BMI 230.0 kg/m®,

The BMI categary had U-shaped relations with total cardiovas-
cular disease, and all stroke mortality. In hemorrhagic stroke
mortality and IHD mortality, there was increased risk in the low
categories of BMI, and a tendence for an increased risk in the high
categories of BMI. In addition, for ischemic stroke mortality, there
was an increased risk tendency for the lowest BMI category, and an
increased risk in the highest BMI category. Participants with a BMI
>30.0 kg,u'm’ had an increased risk of all stroke mortality, and
ischmeic stroke mortality, and the multivariate HR (95% C1) was 1.74
(1.04-2.89),and 2.28 (1.13-4.61 ) respectively. Participants with a BMI
<18.5 kg/m? had significantly increased risk of all stroke martality,
hemorrhagic stroke maortality, and IHD mortality, and the multi-
variate HR (95% C1) was 1.50 (1.02-2.21), 2.11 (1.07-4.17). 1.83 (L11-
3,01), respectively, In addition, we adjusted for dietary intake (salt
intake, beef, green and yellow vegetable, and fruit consumption),
marital status, and job status, accompany multivariate HRs. However,

hypertensive, and less diabetic than those in the higher BMI categories  result did not change substantially as a consequence (data not
(P<0.0001). shown),
Table 2
Hazard Ratio (HR) and 95% Confidence Interval (1) of cardiovascular disease mortality according to Body Mass Index {BM) categories. the Ohsaki Srody in Japan, 1995-2001
Variables BMI (kg/m?)
<185 185-189 200-224 2215-249 250-774 275-299 2300

Person-years 9623 19013 75625 89271 51957 19780 7594
op

Case.n 60 76 187 192 a5 4 26

Age, sex-adjusted HR (95307) 1.94 (1.45-260) 152(1.17-199) 105 {0.86-1.29) 100 080 [((:70-115) 117 (0.84-1.62) 1R1{120-273)

Multivariate HR1 (9531 181 (135-242) 145 {1.11-190) 103 (085-1.27) 100 0,80 (0.70-115) 1,16 (0.83-161) 174 (115-263)

Mulrivariate HR2 (952C1)" 162 [119-2.19) 134 {1.01-1.76) 098 (0.79-1.21) oo 034 (073-121) 119 (0.85-1.66) 188{1.23-287)
Ml strokes

Case,n 36 54 126 132 72 2 L]

Age, sex-zdjusted HR (95%01) 1,68 (1.16-243) 1,58 (1.15-2.16) 1.03 (0.81-132) 100 0.98 (0.74-131) 110(0.73-1.64) 177 (1.08-291)

Multivariate HR1 (95301) 159(1.02-230) 154 (112-211) 103 (0.80-131) 1.00 098 (073-130) 108 (0.72-1.62) 168 (1.03-2.77)

Multivariare HRZ (953C1)" 1.50 (1.02-2.21) 148 (1.06-2.05) 1.00 (0.78-1.29) 1.00 0,99 (0.74-1.34] 107 (0.71-162) 174 (1.04-2.89)
Ischemic stroke

Case, 7 2 &1 f2 k7] 13 10

Agr, sex-adjusted HR (95201) L4 (0.82-242) 115 (0.70-1.90) 101 (071-144) 100 1.04 (0.68-1.58) 113 (0.62-2.06) 228 {117-447)

Multivariate HR1 (95%CT) 133 (0.78-229) L1 (0:68-1.83) 1.00 (0.70-143) 1.00 1.02 (067-1.55) 1,09 (0.60-1.99) 213 (1.09-4.18)

Multivariate HR2 (95%C1 137 (0.67-2.05) 102 (0.81-1.70) 0.95 (065-1.368) 100 107 (0.69-164) 115 (062-2.13) 228 (113-481)
Hemorrhagic stroke

Case, 12 | 36 40 19 15

Age, sex-adjusred HR (952CT) 225(118-431) 191 (1.09-334) 1.02 (0.65-1.59) 100 0.85 (0.49-1.46) 135 (0.74-244)

Multivariate HR1 (95301)* 213 (L11-4.09) 187 (1.07-327) 101 (0.64-1359) 1.00 084 (0.49-145) 131 (0.72-2.39)

Multivariate HR2 (95%C1)" 210 107-417) 181 (1.01-324) 0.98 (0.62-1.55) 1.00 0.90 (0.51-157) 145 (0.77-2.72)
Ischemic heart disease

Case. n 24 a Bl 60 F &) 23

Age, sex-adjusted HR [95%C7) 254 (157-4.09) 141 (086-2.30) L10 (@77-156) 100 071 (0.44-115] 145 (0.59-2.34)

Multivariate HR1 (95%C1)" 228 (141-368) 129 (079-2.10) 1.06 {0.74-151) 100 072 (0.44-117) 148 (0.91-241)

Multivariate HR2 (95%C1)" 183 (1.1-301) 1.08 {0.65-1.78) 0.94 (065-136) 1.00 0.81(0.49-133) 174 (1.04-291)

* Multivariate HR1 (35%C1) has been adjusted for age, sex. smoking status (never, former, 1-19 ¢ 220 o day ). alcobol [never. former. <456 g ethanol]
da:r 45,6 g ethanol/day ), walking duration (21 h. <1 h) and education (nnnimup 1o 15 years, until age 16-18 years. mmzmm;

Muuvmﬂlu[sﬂd]hubmad]mdhrm 5K, Emok formmer, 1-19¢ 2y, & 20 cigar ) akeohiol drinking (never, former, <456 g ethanol/

day, 2456 % . walking d
me,mthmur.gajmﬁikgofml

{21 h, <1 h), education (until age up to 15 years, until age 16-18 years, until age = 19 years) and weight change since 20y old (lost 5 kg or
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After excluding the 267 participants who died from cardiovascular
disease in the first 3 years of follow-up, the point estimate of the HR
for cardiovascular disease amang participants with a BMI <185 kg/m®
was essentially unchanged. Participants with a BM] <18.5 kg/m® had an
increased risk of cardiovascular disease, all stroke, hemaorrhagic stroke,
and IHD mortality, and the multivariate HR (95% Q) was 1.71 [ 1L17-2.49),
1.64 (1.03-261), 222 (0.95-521), and 187 (0.98-13.58), respectively.

The results of the analysis of the association between BMI and
cardiovascular disease mortality among participants with a BMI
<18.5 kg/m” stratified by sex were similar to the results of main
analysis. The multivariate HR for cardiovascular disease, all stroke, and
IHD mortality was 1.91 {1.29-2.81), 1.62 (0.97-2.70), 2.47 (1.35-4.52),
respectively for men, and 1.68 (1.07-2.63), 1.51 (0.88-2.62), and 2,12
(0.96-4.64), respectively for women, The association between BMI
and cardiovascular disease mortality was not significantly modified by
smoking status (P for interaction =0.05).

Discussion

The results of this prospective cohort study indicated that under-
weight was significantly associated with increased risk of hemorrhagic
stroke mortality and IHD mortality, but not of ischemic stroke mortality,
while obesity was associated with increased risk of hemorrhagic stroke,
IHD, and ischemic stroke mortality. These increases In risk among the
underweight participants persisted after adjustment for weight change
since 20 years of age and after exclusion of the participants who died
from cardiovascular disease in the first 3 years of follow-up, which
should minimize the impact of underlying diseases.

An excess risk of hemorrhagic stroke has been reported among
Japanese with a BMI <18.5 kg,'m’ (Cui er al, 2005) and among Korean
men with a BMI <18.0 kg/m?® (Song et al,, 2004), Our results were
consistent with these studies. Several studies indicated an association
between low serum total cholesterol values and hemorrhagic stroke
(150 e al, 1989; Jacobs et al,, 1992). Because of the positive correlation
between cholesterol values and BMI, these studies also indicated that
low BMI increases the risk of hemorrhagic stroke.

The reported excess risk of IHD mortality among Japanese women
with a BMI <18.5 kg/m? (Cul et al, 2005) and Chinese men with 2 BMI
<180 kg/m? (Chen et al, 2006) is consistent with our results. By
contrast, the lowest risk of IHD was observed in the lowest BMI
category in two studies conducted in Korea accounting for weight loss
(Song and Sung, 2001; Jee er al, 2005). What would explain the
difference in the results for the risk of IHD in the lowest BMI category?
It may be that the endpainr in the Japanese study (Cui et al., 2005), the
Chinese study (Chen et al., 2008), and our awn study was mortality,
whereas it was incidence in the Korean studies (Song and Sung 2001;
Jee et al., 2005). Individuals with IHD who have a low BMI may be oo
weak to survive, and if that were true, case-fatality would be higher
among them. That mechanism may be responsible for the difference
in the results for risk of IHD mortality in the lowest BMI category.

Other mechanisms have been suggested to explain the risk of
cardiovascular disease in underweight persons. In previous studies
individuals with a low BMI have been found to have an increased risk
of several cardiovascular abnormalities, reduced ventricular mass (de
Simone et al, 1994), valvular dysfunction (Swenne et al, 2001),
electrocardiographic changes (Garnertet al, 1969), and cardiac
myofibril damage (Danesh et al, 1997). Individuals with a low BMI
tend to have compromised immunity (Shor and Phillips, 1997; Epstein
etal., 1999) and to beat increased risk of chronic ifection, which may
contribute to IHD (Zhu et al., 2001; Kiechl e al., 2001; Marcos et al.,
1997; Field et al., 1991; Garg et al., 2004),

Study limitations and strengths

Our study has several limitations. First, the BMI values were based
on self-report. Although a study of a Western population demonstrated

that the small error that exists is generally a systematic overestimation
of height and underestimation of weight, which leads underestimation
of BMI, especially at higher weights (Niedhammer et al, 2000), it is
uncertain whether the same was true in our population. Therefore, we
were unable to estimate the effect of self-reported weight and height on
our estimates of the effects of excess weight on cardiovascular disease
risk. Second, we excluded 3543 subjects who did not respond 1 the
questions on self-reported height or weight. We compared these
35473 individuals with 43,916 subjects of the analysis. In this group, 123
cases of cardiovascular disease death, 88 cases of all stroke death, 39
cases of ischemic stroke death, 25 cases of hemorrhagic stroke death,
and 35 cases of IHD death were diagnosed. The multivariate HRs
(95% Cis) for cardiovascular diseases, all stroke, ischemic stroke,
hemorrhagic stroke, and IHD mortality upon comparison with sub-
Jects who provided a complete report, were 0.94(0.68-1.30), 1.07 (0.71-
1.60), 0.89 (0.49-161), 1,00 (0.48-2.07), and 0.75 (0.43-1.30), respec-
tively. The HRs were not statistically significant, Third, there was a
possibility of residual confounding by smoking status. The association
berween BMI and cardiovascular disease mortality was not significantly
modified by smoking status (P for interaction >0.051 However, this
issue could not be addressed in stratified analysis by smoking status
due to the insufficient numbers of deaths.

Our study also has several strengths. First, we followed up a large
number of participants over a 7-year period, and the study subjects were
highly representative of the target population. because the response
rate was 95%. Second, the cohort contained an adequate proportion of
subjects who with a low BMI and normal BML The prevalence of
BMI=185-24.9 kgfm® in the cohort was 67% and much higher than
in Western populations (less than 30% in Framingham study |Wilson
et al, 2002]). Third, we adjusted for weight change since 20 years of
age and conducted an analysis after exclusion of the first 3 years of
follow-up, which should have minimized the impact of underlying
diseases.

Conclusion

Underweight was found to be significantly associated with
increased risk of hemorrhagic stroke mortality and IHD mortality,
while abesity was associated with increased risk of hemorrhagic stroke,
IHD mortality, and ischemic stroke mortality. Our data indicare that
greater attention should be paid to underweight in order to promote
public health, at least in countries where a large or moderately high
proportion of the population is still underweight.
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