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Background: 1t is unclear whether weight change since young adulthood affects the risk of mortality due to cardio-
vascular disease (CVD). The aim of this study was to investigate weight change since age 20 in relation to the risk
of CVD mortality.

Methods and Resuits: A total of 41,364 eligible Japanese men and women aged 40-79 years participated in the
Ohsaki Cohort Study baseline survey in 1994. Hazard ratios (HRs) and 95% confidence intervals (Cls) for CVD
mortality were calculated according to weight change since age 20 (loss 210.0kg; loss 5.0-9.9kg; stable [+4.9 kg];
gain 5.0-9.9kg; gain 210.0kg). During 13.3 years of follow-up, 1,756 participants died of CVD. The association
between weight change and CVD mortality was L-shaped in men and U-shaped in women; the multivariate HR (95%
Cl) for men with weight loss >10.0kg was 1.52 (1.25-1.85), and that for women with weight loss >10.0kg and weight
gain >10.0kg was 1.62 (1.25-2.11) and 1.36 (1.09-1.69), respectively. Cross-classification analysis based on body
mass index (BMI) at age 20 and weight change tended to be U-shaped, except for men whose BMI had been
<25kg/m? at age 20, in which case it was L-shaped.

Conclusions: Weight loss since young adulthood is associated with excess risk of mortality due to CVD in men,
while a U-shaped relationship was observed for women.

Key Words: Body mass index; Cardiovascular disease mortality; Japan; Weight change; Young adulthood

besity is an established risk factor for cardiovascular
O disease (CVD) morbidity!-3 and mortality.4-¢ In addi-
tion to a high body mass index (BMI), weight gain
also adversely affects CVD risk factors.”2¢ The effect of weight
change on CVD mortality has been assessed in several studies,
but the results have varied. Some studies have reported weight
gain associated with CVD mortality,'*2 or that there was a
U-shaped association, 315 whereas others have shown that
only weight loss was associated with CVD mortality.16-20

22?7

Editorial p

These differences in results could have been due to differ-
ences in the age composition of the study participants, the life
stage at which weight change occurred, the duration of the
weight change, or the length of follow-up among the studies.?!
The elevated mortality risk associated with recent weight loss
due to antecedent disease, especially in studies of older people

or those with short follow-up periods may easily lead to biased
results. Monitoring long-term weight change, which represents
the transition of weight trajectories during the course of life,
may help to clarify the mixed results for CVD mortality among
older subjects.?2 Both being persistently obese since early adult-
hood and having an increase in BMI category from normal to
obese were associated with higher all-cause mortality in the
Ohsaki Cohort Study.? An inverse relationship in men and
L-shaped association in women between weight change and
all-cause and CVD mortality, however, were observed in
another study-among middle-aged Japanese individuals.’®
Additionally, a previous study has suggested that the meta-
bolic and health consequences of weight change may differ
between men and women.?® Furthermore, sex differences in
major cardiovascular risk factors have been noted as a sub-
stantial reason for the sex difference in CVD risk.2S Previous
studies of the association between weight change and subse-
quent CVD morbidity or mortality, however, were based mainly
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on men or on composite results,”1%12-36 whereas sex-specific
studies have been few and their results inconsistent.17-20

To our knowledge, no prospective study has reported the
relationship between weight change since early adulthood and
specific causes of CVD mortality including ischemic heart dis-
ease (IHD) and stroke. The objective of the present study was
to investigate weight change since age 20 in relation to the
risks of total CVD mortality and mortality due to type of CVD,
using data obtained from a large prospective population-based
cohort study in Japan.

Methods

Subjects

The present data were derived from the Ohsaki Cohort Study,
the study design of which has been described in detail previ-
ously.-2* The subjects were all National Health Insurance
(NHI) beneficiaries, aged 40~79 years, living in the catchment
area of the Ohsaki Public Health Center, Miyagi Prefecture,
north-east Japan. The Ohsaki Public Heaith Center is a local
government agency that provides preventive health services to
the residents of 14 municipalities in Miyagi Prefecture. The
NHI is a community-based health insurance system for farm-
ers, the self-employed, pensioners, and their dependants. The
study area is a typical rural area and the main industry is agri-
culture. Thirty-nine percent of men were farmers, 28% were
self-employed, and 28% were retired. Among women, 31%
were housewives, 25% were farmers, and 15% were self-
employed.?’

We conducted a baseline survey of various lifestyle habits
during the period from October through December 1994.
Trained survey personnel visited the subjects and informed
them of the survey objectives, the fact that subjects were treated
anonymously at the data analysis stage, and their freedom to
decline. The subjects were asked to complete the question-
naires by themselves and return them to the same personnel
member within 1 week. Return of the self-administered ques-
tionnaires signed by the participants was considered to imply
their consent to participate in the study. In order to protect the
subjects’ privacy, their personal names were deleted from all
NHI Claims History files, Withdrawal History files, and our
baseline data files in the subsequent follow-up record linkage.
The study protocol was approved by the Ethics Committee of
Tohoku University School of Medicine.

Among the 54,996 eligible individuals, 52,029 (95%)
responded to the questionnaires. Participants who withdrew
from the NHI before 1 January 1995, the time when the pro-
spective collection of data on NHI withdrawals began, were
excluded (n=776). Thus, the study cohort consisted of the
remaining 51,253 participants. For the present analysis, par-
ticipants with histories of myocardial infarction or stroke
(n=2,510) or cancer (n=1,638) were excluded. After further
excluding participants for whom data were missing, or who
had extreme values for current height, current weight or weight
at age 20 (n=5,741), we included 41,364 subjects (men,
n=20,112; women, n=21,252) in the analysis.

Classification of Exposure

The self-administered questionnaire included questions on cur-
rent height at baseline (in cm), current weight at baseline and
recalled weight at age 20 (in kg). For the present analysis,
weight change (in kg) was defined as the difference between
current weight and recalled weight. The participants were cat-
egorized into 5 groups according to weight change since age
20: weight loss 210.0kg; weight loss 5.0-9.9kg; stable weight

(#4.9kg change); weight gain 5.0-9.9kg; and weight gain
210.0kg. BMI at baseline and at age 20 was also calculated as
current weight and recalled weight at age 20 divided by the
square of current height (kg/m?), respectively.

The self-reported current height and weight data were highly
correlated with measured data (correlation coefficient: 0.96 for
weight and 0.93 for height) in a subsample who received health
examinations in 1995 (n=14,883), the year after the baseline
survey.?

Follow-up

The primary endpoints for the present analysis were CVD mor-
tality, including THD and stroke mortality, occurring between
1 January 1995 and 31 March 2008. All participants were fol-
lowed up for mortality and emigration by reviewing the NHI
withdrawal history files. 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 subsequent information on
participants who withdrew from the NHI because of emigra-
tion or employment was unavailable, their follow-ups were
discontinued. As of 31 March 2008, the follow-up rate in the
Ohsaki NHI Cohort Study was 85.2% (80.7% among non-
deceased subjects).

For all the decedents, we investigated the causes of death
by reviewing the death certificates filed at Ohsaki Public
Health Center with permission from the Ministry of Health,
Labour, and Welfare, Japan. Causes of death were encoded by
trained physicians in accordance with the International Clas-
sification of Diseases and Related Health Problems, Tenth
Revision (ICD-10), for total CVD (group I), IHD (120-25),
total stroke (160-69), ischemic stroke (163), and hemorrhagic
stroke (I61).

Statistical Analysis

The person-years of follow-up were calculated from 1 January
1995 to the date of death, withdrawal from the NHI, or 31
March 2008, whichever occurred first. Cox proportional haz-
ards regression analysis was used to investigate the sex-spe-
cific hazard ratios (HRs) and 95% confidence intervals (Cls)
between weight change since age 20 and CVD mortality.

The following variables were considered as potential con-
founders: age (in years), current height (in cm), body weight
at age 20 (in kg), educational levels (junior high school or less,
high school and college or higher), baseline job status (employed
and not employed), smoking status at age 20 (yes/no), smok-
ing status at baseline (never smoked, smoked in the past, cur-
rently smoking <20 cigarettes/day and currently smoking >20
cigarettes/day), alcohol consumption (never drank, drank in
the past, currently drinking <45.6g ethanol/day and current
drinking >45.6 g ethanol/day), time spent walking (=1h/day
and <1h/day). For women, menopausal status (yes/no), oral
contraceptive use (yes/no) and hormone replacement therapy
(yes/no) were also considered as confounders.

To assess whether the risk of CVD death associated with
weight change differed between subjects who were under-
weight, normal weight and overweight, we cross-classified
the participants into groups according to their BMI at age 20
(<22.5kg/m?, underweight; 22.5-24.9kg/m?, normal weight;
and 225.0kg/m?, overweight), treating BMI 22.5-24 9kg/m?
at age 20 with subsequent stable weight as the reference group.
Furthermore, we repeated the analysis after exclusion of deaths
in the first 3 years of follow-up. Other stratified analyses were
conducted according to the age at study entry (40-59 years vs.
60-79 years) and smoking status at baseline (never-smokers
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Weight change since age 20
Loss Stable Gain P-value
z10.0kg 5.0-8.9kg +4.9kg 5.0-8.9kg z10.0kg
Men (n=20,112)
No. subjects 1,609 3,117 7.578 3,880 3,928
Age {years) 66.9:8.3  63.9:0.0 58.2+10.4  56.22102 554299  <0.0001
BMi at age 20 (kg/m?) 26.1x4.1 24.2:2.4 225221 21.7£2.0 21,1221 <0.0001 .
BMI at baseline {kg/m?) 20.9:2.7 21.822.3 224221 242420 26.3x2.4 <0.0001
Hypertension 28.3 © 243 20.2 22.6 26.7 <(.0001
Diabetes mellitus 12.7 8.7 5.1 7.0 7.0 <0.0001
Education until age 15 72.5 721 50.6 54.9 52.8 <0.0001
Unemployed at baseline 328 228 16.3 15.7 13.7 <(.0001
Smaoker at age 20 35.4 37.8 413 42.3 423 <0,0001
Current smioker 82.5 80.8 59.3 517 49.3 <0.0001
Current drinker 63.0 69.7 75.4 75.0 76,7 <0.0001
Walking <1h/day 526 48.1 47.4 55.0 558.3 <0.0001
Women (n=21,252}

- No. subjects 1182 2,822 7.417 - 4,865 4,956
Age (years) 67.0+8.1 83.7+8.7 58.2+10.0 58.5x8.5 58.7£9.3 <0.0001
BM! at age 20 (kg/m?) 26.553.9  24.4:27 224425 21522 - 207:23  <0.0001
BMI at baseline (kg/m?) 20.7:2.8 21.8+2.8 22524 24,4323 26.9£2.7 <0.0001
Hypertension 26.9 26.1 224 2685 36.1 <0.0001
Diabetes meliitus 8.0 8.2 4.5 4.3 57 <0.0001

_ Education until age 15 68.7 82.0 528 53.7 563 <0.0001
Unemployed at bassline 61.4 57.2 46.2 48.5 51.6 <0.0001
Smoker at age 20 : 1.5 14 1.4 1.3 .18 <0.0001
Current smoker 14.1 88 8.5 7.2 97 <0.0001
Current drinker . 18.8 206 23.0 L2486 26.5 <0.0001
Walking <1 h/day 58.1 56.4 §5.0 57.2 60.4 <0.0001

Data given as mean=SD or %. BMI, body mass index.

vs. former smokers and current smokers in men; never-smok-
ers vs. ever-smokers in women, because the number of former
smokers was too few). The statistical evidence for the differ-
ence in effect between these subgroup participants was assessed
by computing log-likelihood ratio tests of the interaction. All
statistical analyses were performed using SAS version 9.2
(SAS Institute, Cary, NC, USA).

Results

The mean BMI at age 20 was 22.5+2.8kg/m? and at study
entry it was 23.5+3.0kg/m? The mean change in body weight
from age 20 to study entry was a gain of 2.0+8.8kg in men and
a gain of 3.318.4kg in women.

The sex-specific baseline characteristics of participants
according to the weight change categories are summarized in
Table 1. The participants who had lost 210.0kg in weight
were older, and were more likely to have hypertension and
diabetes, to have been educated until age 15, to have been unem-
ployed at baseline, and to be current smokers. In contrast, the
participants who had gained >10.0kg in weight were more
likely to be smokers at age 20, current drinkers, and to walk
<1h a day. The proportions of current smokers and current
drinkers among women, however, were much lower than among
men.

During the 13.3 years of follow-up (451,081 person-years),
we documented 1,756 CVD deaths (1,017 men and 739
women), including 408 IHD deaths (253 men and 155 women)

and 790 stroke deaths (436 men and 354 women). Table 2
lists the multivariate-adjusted HRs for CVD mortality accord-
ing to the weight change categories. There was an L-shaped
association in men and a U-shaped association in women
between weight change and CVD mortality (P=0.006 for inter-
action with sex). In men, the multivariate-adjusted HR relative
to the stable weight group was 1.52 (95% CI: 1.25-1.85) for
the weight loss 210.0kg group, and no significant risks were
observed in the other weight change groups. In women, the
multivariate-adjusted HR relative to the stable weight group
was 1.62 (95% CL: 1.25-2.11) for the weight loss 210.0kg
group and 1.36 (95% CI: 1.09-1.69) for the weight gain
=10.0kg group.

The risk of ITHD and stroke mortality had trends similar to
overall CVD mortality. In men, the weight loss 210.0kg group
had a significantly higher risk of death due to all forms of
stroke (HR, 1.38; 95% CI: 1.01-1.89) and ischemic stroke (HR,
1.54; 95% CI: 1.00-2.37). A noticeably lower risk of IHD
mortality was observed among men with weight gain >10.0kg
(HR, 0.59; 95% CI: 0.37-0.94). In women, the relationship
tended to be U-shaped for IHD and for stroke mortality. These
excess risks for all CVD and THD mortality related to weight
loss were persistently observed even after exclusion of early
deaths in the first 3 years of follow-up.

Table 3 lists the multivariate-adjusted HRs for CVD mor-
tality according to BMI at age 20 and weight change catego-
ries, treating subjects with a BMI 22.5-24.9kg/m? at age 20
and subsequent stable weight (14.9kg change) as the reference
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Weight change since age 20
Loss Stable Gain
210.0kg 5.0-8.9kg 24.9kg 5.0-9.9kg 210.0kg
Bien (n=20,112)
Person-years 14,652 31,798 83,070 43,485 44,508
AllCVD
No. deaths 189 211 345 139 133
HR1 {85% CI) 1.52 (1.25-1.85) 1.04 (0.87-1.24) 1 {Reference) 0.95 (0.78-1.16) 0.99 (0.80-1.21)
HR2 (95% CI) 1.36 (1.08-1.708  0.89 (0.81-1.20) 1 (Peference) 0.97 {0.78-1.21) 0.96 (0.76-1.20)
HD
No. deaths 45 49 97 39 28
HR1{95% CI) 1.41 (0.95-2.10) 0.82 {0.64-1.31) 1 {Reference) 0.92(063-1.85) 059 (0.37-0.94)"
HE2 (85% C1) 1.27 (0.80-1.99) 0.79 {0.52-1.18) 1 (Reference) 0.86 (0.57-1.31)  0.54 (0.32-0.92)*
All strokes
No. deaths 74 83 148 68 63
HR1 (95% CI) 1.38 (1.01-1.89)  0.96 (0.73-1.26) 1 (Reference) 1.08 (0.81-1.45) 1.08 (0.80-1.47)
HR2 (95% CH) 1.24 (0.86-1.78) 0.96 {0.70-1.30} 1 {Reference) 1.18 (0.87~1.63) 1.03 (0.73-1.45)
ischemic stroke : s
No. deaths 43 ; 38 85 35 30
HR1(95% CN) 1.54 (1.00-2.37  0.901{0.60-1.36) 1 (Reference) 1.34(0.88-2.04)  1.25(0.80-1.96)
HR2 (95% Ch 1,24 (0.74-2.06) 10.85 (0.54~1.35) 1 {Reference) 156 (1.00-2.41)" 1.16 (0.70~1.91)
Hemorrhagic stroke
No. deaths 15 20 49 15 17
HR1 (5% CH 1.16 {0.61-2.21) 0.84 (0.49-1.44) 1 (Reference) 0.66 (0.37-1.18) 0.78 (0.44-1.39)
HR2 (85% CI} 0.91 (0.89-2.10) 0.82 {0.43-1.56) 1 (Reference) 0.66 (0.33-1.32) 0.87 (0.45-1.65)
Women (n=21,252}
Person-years 12,266 30,175 " 82,206 53,797 55,126 -
Ali CVD
No. deaths 104 173 195 110 157
HR1 (85% CI) 1.62(1.25-2.11)F  1.52(1.23-1.88)* 1 (Reference) 0.98 (0.77-1.24) 1.36 (1.09-1.69)"
HR2 (95% C1) 148 (1.09-2.00) 154 (1.21-1.95) 1 {Reference) 1.08 (0.84-1.41) 1.48 {1.16-1.89)"
No. deaths - o4 , Ry Re 85 25 29
HR1 (95% Cl) 1.98 (1.11-853)* 2,02 (1.27-3.22)t 1 (Reference) 1,24 {0.74-2.08) 1.39(0.84-2.31)
" 'HR2(95% Cl) 1.92 (1.00-3.71  2.01 (1.20-3.39)t 1 (Reference) 1.31(0.74-2.33)  1.29(0.72-2.30)
All strokes
No. deaths 42 83 8 57 74
HR1 {85% CI) 1.39 {0.93-2.07} 1.49 (1.10-2.01)" 1 (Reference) 0.99 (0.71-1.38) 1.24 (0.90-1.69)
HR2 (95% CI) 1.28 {0.80-2.05) 1.71 (1.21-2.41) 1 {Reference) 1.20 (0.83-1.73) 1.42 {0.99-2.03)
ischemic stroke SR : e i E L
~ No. deaths 21 35 -39 % 26
HR1(95% CI) 1.23 {0.68-2.22) 1.30 {0.81-2.08) 1 (Reference) 1.19 (0.72-1.98) 1.21(0.72-2.02)
HR2Z (85% CI) 0.97 {0.49-1.93) 1.41(0.85-2.35) 1 ({Reference) 1.18 (0.67-2.08} 141 (0.81-2.44)
Hemorrhagic stroke
No. deaths 7 28 15 1 20
HR1 (95% Cl) .00 (0.40-2.50) 1.43 (0.77-2.68) 1 {Reference) 0.71 {0.35-1.46) 1.26 (0.68-2.33)
HR2 (95% ClI) -5 1.83 (0.88-3.81) 1 {Reference) 1.21 (0.55-2.65) 1.70 {0.80-3.58)

*P<0.05; TP<0.01; ¥P<0.001. SNo. deaths <3.
HR1 adjusted for age (in years), current height (in cm), body weight at age 20 (in kg), education (junior high school or less, high school, and
college or higher), baseline job staius (employed and unemployed), smoking status at age 20 (yes/no), smoking status at baseline (never
smoked, smoked in the past, currently smoking <20 cigarettes/day and currently smoking =20 cigarettes/day), alcohol consumption (never
drank, drank in the past, currently drinking <45.6g ethanol/day and current drinking >45.6g ethanol/day), time spent walking (=1 h/day and
<1h/day); women plus menopause status (yes/no), oral contraceptive use (yes/no) and hormone replacement therapy (yes/no); HR2, partici-
pants excluded from HR1: those who died <3 years after baseline.
Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; IHD, ischemic heart disease.
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Weight change since age 20
BMI 2t age 20 Loss Stable Galn
z10.0ky 5.0-9.9kg +4.9ky 50-8.9kg 210.0kg
Men {n=20,112)
<22.5kg/im?
Ng. deaths 22 47 157 88 100
HR1{95% Cl) 2.02 (1.27-3.208 1.17 {0.83~1.65) 1.11 (0.86-1.43) 102 {0.76-1.37} 1.05 {0.78-1.41)
HR2 (85% Cl} 1.71 {0.98-2.97) 1.18{0.771.66} 1.10 (0.83-1.45) 1.01 {0.73-1.40) 1.03 {0.74-1.43)
22,524 9kg/m? ‘
No. deaths 68 91 182 39 25
HA1 {95% C1) 1.84 (1.36-2.47% 1.11 {0.85-1.48) 1 {Reference) .99 {0.69-1.41) 1.05 {0.69-1.62)
HR2 (85% C) 1.60 (1.13-2.26) 1.02 {0.75-1.38) 1 {(Reference) 1.05 {0.71-1.55) 0.97 {0.60-1.59)
226.0kg/m? ,
No. deaths 99 73 55 12 8
- HR1{95%Ch) 1.50 (1.10-2.04)¢ 1.14 {0.84-1.84} - 1.32 (0.95-1.83) 1.48 {0.61-2.69) 1.83 {0.88-3.77)
- HRZ (95% C) 1.58 {1.08-2.16y" 1.24 {0.88-1.73} 1.48 {1.05-2.13)" 1.67 {0.89-3.14) 1.43 {0.58-8.54)
Women {(n=21,252)
«22.5kgim? .
No. deaths 16 34 101 67 1158
HFT (95% Cl} 4.32 (2.45-7.62)¢ 2.18 {1.42-3.343 149 (1.04-2.12)" 1.25 {0.85~1.83) 1.70 {1.18-2.48)t
HAZ (85% Cl) 4.04 (2.08~7.92}¢ 2.29 {1.42-3.72% 1.55 {1,%2.30}* : 1.51 {0.99-2.30) 1.91 {1.26-2.86)
22.5-24.9kg/m?
MNo. deaths 19 56 54 27 33
HA1{(95% C1) 1.68 {0.95-2.85) 1.84 {1.26-2.68) 1 {Reference) 112 {0.70-1.77) 2.08 {1.35-3.21)
HRA2 {95% Ch) 140 {0.74-2.67} 1.83 {1.20-2.81) 1 {(Reference) 0.97 {0.56~1.68) 213 (1.30-347)
226.0kg/m? e
No. deaths 89 78 40 16 . g
HR1 {95% Ci) 1.86 {1.23-2.81) 1.86 (1.27-2.71) 1.3 {0.86-2.08) 1.86 {1.05-3.30) 1.90 (0.93-3.89)
HR2 (85% Ch) 1.84 {1.16-2.93)* 2.01 (1.32-3.08y 140 (0.87-2.25} 2.82 (1.28-4.19y 2.39(1.15-4.97)*

*P<0.05; 1P<0.01; ¥P<0.001.

HR1 adjusted for age (in years), current height (in cm), body weight at age 20 (in kg), education (junior high school or less, high school, and
college or higher), baseline job status (employed and unemployed), smoking status at age 20 (yes/no), smoking status at baseline (never
smoked, smoked in the past, currently smoking <20 cigarettes/day and currently smoking =20 cigarettes/day), alcohol consumption (never
drank, drank in the past, currently drinking <45.6g ethanol/day and current drinking 245.6 g ethanol/day), time spent walking (=1 h/day and
<1h/day); women plus menopause status (yes/no), oral contraceptive use (yes/no) and hormone replacement therapy (yes/no); HR2, partici-

pants excluded from HR1: those who died <3 years after baseline.
Abbreviations as in Tables 1,2.

group. For those whose BMI had been <25kg/m? at age 20,
there was an L. shaped association in men and a U-shaped
association in women between weight change and CVD mor-
tality. For those whose BMI had been >25kg/m? at age 20, the
associations tended to be U-shaped in both men and women,;
the multivariate HR (95% CI) for men was 1.50 (1.10-2.04)
for the weight loss 210.0kg group and 1.83 (0.89-3.77) for the
weight gain 210.0kg group, while for women it was 1.86
(1.23-2.81) for the weight loss 210.0kg group and 1.90 (0.93-
3.89) for the weight gain 210.0kg group. These excess risks
for CVD mortality were persistently observed even after
exclusion of early deaths in the first 3 years of follow-up. In
summary, the association tended to be U-shaped except for
men whose BMI had been <25kg/m? at age 20.

Table 4 lists the associations between weight change and
CVD mortality, after stratification by age at study entry (40—
59 years vs. 6079 years) and smoking status. For the partici-
pants aged 60-79 years, the associations remained L-shaped
in men and U-shaped in women. The risks of CVD mortality
among the weight loss 210.0kg groups were not altered sig-
nificantly by smoking habit. The multivariate HR (95% CI) for
men was 1.67 (0.92-3.03) among never-smokers, 1.60 (1.10-

2.33) among former smokers, and 1.52 (1.16-2.00) among
current smokers; the interaction was not statistically signifi-
cant (P=0.15).

Discussion

In this large population-based prospective study of Japanese
men and women, we observed that the associations between
weight change and CVD mortality differed by gender. Weight
loss since age 20 was associated with significantly higher risk
of CVD mortality in both men and women. Weight gain
210.0kg was a predictor of CVD mortality in women, but not
in men. In cross-classification analysis based on BMI at age
20 and weight change, the association tended to be U-shaped,
except for men whose BMI had been <25kg/m? at age 20.
This excess risk among the participants who had lost weight
persisted after we excluded deaths within 3 years of follow-up.

Previous studies have recognized different association
between weight change and CVD mortality according to the
life stage at which weight change occurred, being L-shaped in
studies examining middle-aged men,16171920 and U-shaped in
studies examining elderly populations.14!5 Higher CVD mor-
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Loss Gain
=10.0kg 5.0-9.9kg 5.0-8.9kg z10.0kg
Men (n=20,112)
Age
4058
No. deaths 10 20 55 28 41
MR (95% Cl} 1.85 {0.86-3.97} 1.37 (0.80-2.34) 1 (Reference) 0.93 (0.58~1.48} 1.26 (0.83-1.91)
80-79
No. deaths 179 191 290 111 92
HR (95% CI) 1.46 {1.19-1.80) 1.00 (0.83-1.20) 1 (Reference} 0.87 (0.78-1.22) 0.82 {0.72-1.17)
Baseline smoking .
status
Never
No. deaths 20 22 45 16 28
HA {95% Cl) 1.67 (0.82-3.03) 083 (0.49-1.41) 1 {Reference} .88 (0.49-1.58) 1.29 {0.78-2.14)
Former
Mo, deaths 52 58 82 38 37
HE {(95% CI) 1.60 {1.10-2.83)" 1.06 {0.76-1.48) 1 {Reference} 0.82 (0.56-1.21) 0.77 (0.52-1.15)
Current
No. deaths 101 118 187 75 87
HR {95% CI) 1.52 (1.16-2.00)" 1.08 (0.86-1.38) 1 {Reference) 1.04 {0.79~1.36) 1.08 (0.81-1.45)
Women {n=21,252}
Age
40--59
No. deaths 3 13 19 17 19
MR (85% C) 1.86 (0.50-6.85) 2.49 {1.19-5.22) 1 {Reference) 1.28 {0.66-2.48) 1,16 (0.60-2.24)
60-79
No. deaths 101 160 178 93 138
HA (95% Cl) 1.53 (1.17-2.01) 1.44 (1.15-1.79% 1 {Reference) 0.95 (0.74-1.23) 1.40 (1.11-1.76}
Baseline smoking
status
Never
No. deaths 63 118 138 78 119
HR (95% C) 1.50 {1.08-2.08)* 1.48 {1.14-1.80% 1 {Reference) 1.00{0,75-1.32} 1.50 (1.17-1.84)
Ever
No. deaths 18 18 20 11 g
HR (95% Cl} 1.83 {0.87-3.84) 1.31 {0.865-2.61) 1 {Reference} 1.01 {0.48-2.12) 0.59 (0.26-1.33)

*P<0.05; t1P=<0.01; ¥P<0.001.

HR adjusted for age (in years), current height (in cm), body weight at age 20 (in kg), education (junior high school or less, high school, and
college or higher), baseline job status (employed and unemployed), smoking status at age 20 (yes/no), smoking status at baseline (never
smoked, smoked in the past, currently smoking <20 cigarettes/day and currently smoking =20 cigarettes/day), alcohol consumption (never
drank, drank in the past, currently drinking <45.6 g ethanol/day and current drinking >45.6 g ethanol/day), time spent walking (=1h/day and
<1 h/day); women plus menopause status (yes/no), oral contraceptive use (yes/no) and hormone replacement therapy (yes/no).

Abbreviations as in Table 2.

tality associated with weight loss might be a direct conse-
quence of ill health*637 or be confounded by smoking and
changes in smoking habits since age 20. In the present study,
the higher risk in subjects who had lost weight was persis-
tently observed in the subgroup without self-reported histories
of hypertension and diabetes mellitus at baseline (data not
shown), or after exclusion of early deaths in the first 3 years
of follow-up. Furthermore, the higher risk of CVD mortality
was not altered by smoking status at age 20 or at baseline.
Therefore, the excess risk of CVD mortality associated with
weight loss could not be totally explained by pre-existing dis-
ease or smoking status. BMI at study entry, however, was low
(men, 20.9kg/m?; women, 20.7 kg/m?) among those partici-
pants who had lost weight, while low BMI has been reported

as an unfavorable prognostic factor among Japanese patients
with congestive heart failure® or those who have undergone
first coronary revascularization.3! The higher case-fatality rate
among those subjects may be 1 possible reason for the excess
risk of CVD mortality associated with weight loss.

In men, the present study yielded mixed results among weight
gain groups. The risk of CVD mortality for the weight gain
groups tended to be higher than that among the stable weight
groups, except for men who were aged >60 years at study
entry or whose BMI at age 20 had been <25kg/m?. Older men
who had gained weight since young adulthood, or those who
had not been overweight at age 20, might receive a beneficial
effect. In other words, weight gain appeared to be harmful to
younger men, or those whose BMI had been 225kg/m? at age
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20. Furthermore, there was a noticeably lower risk of IHD
mortality among men with a weight gain 210.0kg, the major-
ity of whom had a BMI <22.5kg/m? at age 20. A previous
study also reported that high BMI in middle age may be the
most important weight-related risk factor for IHD mortality in
old age,!s because atherosclerosis begins in the first decade of
life, even though its clinical manifestations most often occur
in the fifth decade and beyond.® According to the National
Health and Nutrition Survey conducted by the Ministry of
Health, Labour, and Welfare, Japan, the prevalence of being
overweight among men aged 20-29 years has increased from
12% to 21% during the last 20 years,® indicating that the
unfavorable effect of weight gain might impose a substantial
public health burden on Japan in the near future.

In this study, we observed that the associations between
weight change and CVD mortality differed by gender (P=0.006
for interaction with sex), in that weight gain was associated
with a higher mortality in women but not in men. Few studies
have examined sex-specific effects on the association between
weight change and CVD mortality.11%? In Norway, Drgyvold
et al reported that both men and women who lost weight had
a higher CVD mortality than those who were weight-stable,!’
whereas Wilsgaard et al showed that weight loss was associ-
ated with excess mortality only in men.?® A previous study has
suggested that weight change is associated with more relative
changes in fat-free mass in men than in women, and body fat
percentage has been reported as highly indicative of CVD risk
factors in another study.3 In other words, weight gain in women
is associated with a higher degree of fat mass gain than is the
case in men, possibly leading to unfavorable metabolic and
health consequences. In Japanese women, Saito et al reported
that there was no significant association between weight change
since age 20 and CVD mortality,?® although we observed a
U-shaped relationship for women in the present study. The
difference may be explained by the age of the subjects, in that
most of the present female subjects were >60 years old and
thus post-menopausal, lacking the estrogen protection effect.s

The present study had several strengths in addition to its
prospective nature and high response rate. First, we assessed
the effects of several important confounding factors on weight
change and CVD mortality: smoking status at age 20 and at
baseline; alcohol drinking; and physical activity. Subgroup
analysis of smoking status was also conducted to clarify that
there was no interaction between smoking and weight loss
with CVD mortality. Second, to our knowledge, this is the first
reported study to have examined the association of weight
change since young adulthood with specific causes of CVD
mortality.

Several limitations should also be noted. First, body weight
at age 20 was based on recall and could not be validated in the
present subjects. The accuracy of long-term recall of previous
body weight, however, has been verified in a study involving
middle-aged Japanese subjects, and that had indicated high
correlation (r=0.85).36 Regarding the validity of self-reported
past body weight in the elderly population, previous studies
showed that persons with a higher current BMI tended to
underestimate their past weight, whereas those with a lower
current BMI tended to overestimate their past weight.3’8 This
potential for overestimation of weight change may have weak-
ened, but not substantially distorted the association between
weight change and risk of CVD mortality in the present study.
Second, information about weight was available only at 2 time
points: age 20 and study entry, and there was no information
about whether any weight loss was intentional or uninten-
tional. Because long-term weight change is an indicator of

long-term energy balance, while negative energy balance could
occur as a result of high expenditure such as a debilitating
condition or low calorie intake such as that associated with
dieting, the present findings should not be interpreted as evi-
dence against the benefit of intentional weight reduction.
Third, the validity of cause of death information based on death
certificates, which were encoded by trained physicians, was
somewhat limited. Possible misclassification should be noted
because cause of death encoded as heart failure (code I50) or
cardiac arrest (code 146) may also include death due to other
underlying diseases.?® The association between weight change
and the risk of CVD mortality, however, did not alter even
when we omitted those deceased subjects.

Conclusion

Weight loss since young adulthood was found to be associated
with excess risk of CVD mortality in men, while a U-shaped
relationship was observed for women. Men and women whose
BMI had been <22.5kg/m? at age 20 and then lost 210kg in
weight had the highest risk of CVD mortality. The present
results suggest that if lean young people maintain a stable
weight, and overweight young people do not gain weight as
they age, then the risk of mortality due to CVD may be reduced.
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ABSTRACT

Background: Although previous studies showed the long-term effects of sleep duration on risk of weight
gain, Western tends to gain weight irrespective of sleep duration over a long period. Conversely, it is
showed that body mass index (BMI) decreases during a long period in Japanese and thus, the long-term
effect of sleep duration on weight gain and obesity is still unclear in Asia.

Methods: We followed up 13,629 participants aged 40-79 years and prospectively collected data from
1995 to 2006. We divided the participants into five groups according to their self-reported sleep dura-
tion: <5 h (short sleep), 6 h, 7 h (reference), 8 h, and >9 h (long sleep). The main outcome was >5 kg
weight gain or BMI > 25 kg/m? (obesity). We used logistic regression analyses to derive odds ratios
(ORs) and 95% confidence intervals (Cls), adjusted for several confounding factors.

Results: We observed no association between sleep duration and risk of >5 kg weight gain and obesity.
After stratification by BMJ, long sleepers had a significantly increased risk of > 5 kg weight gain (OR: 1.36,
95%Cl: 1.09-1.70) in obese participants.

Conclusions: Among community-dwelling Japanese, only obese long sleepers have a significantly increased

long-term risk of >5 kg weight gain.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Obesity is increasing worldwide and its associated health prob-
lems are now widely recognized. According to the World Health
Organization, Asia has a low prevalence of obesity in comparison
to other areas of the world [1]. They recommended that obesity
should be defined lower in Asia than Western [2]. In Japan, the
prevalence of obesity is only 3%, and severe obesity almost never
exists [3]. However, the percentage age of body fat is higher in
Asian than in Western with the same body mass index (BMI) [4].
Meanwhile, according to the Organisation for Economic Co-operation
and Development, Koreans have the shortest mean sleep duration
in the world, followed by the Japanese [5].

The associations between sleep duration, weight gain, and/or
obesity have been examined previously in seven meta-analyses
and a systematic review [6-12]. However, almost all of the popu-
lations studied were Western, with longer mean sleep durations
and higher prevalence of obesity than Asian populations. In Asia,
three prospective studies, all from Japan, have examined the asso-
ciation between sleep duration and obesity [13-15]. However, the
study participants were recruited from among people who were
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undergoing health checkups. The effect of sleep duration on weight
gain and obesity has not yet been examined in an Asian population
or recruited from the general community.

In addition, some previous studies have examined the long-term
effects of sleep duration on weight gain and obesity from data accu-
mulated over periods of at least 10 years{16,17]. Even though these
studies showed that short sleepers were at risk of weight gain and
obesity, Patel et al. showed that their study participants gained
weight irrespective of sleep duration over a 16 year period [16].
In contrast, Matsushita et al. showed that mean BMI tended to
decrease during a 10 year follow-up period in Japanese participants
aged >50years [18]. Thus, the long-term association between
sleep duration, weight gain, and obesity might differ between Wes-
tern and Japanese populations, and the long-term effect of sleep
duration on weight gain and obesity is still unclear in Asia.

In the present study, therefore, we examined the long-term asso-
ciation between sleep duration, weight gain, and obesity in Japanese
subjects recruited from the general community based on data accu-
mulated over 12 years.

2. Methods
2.1. Study cohort
Between October and December 1994, we distributed a self-

administered questionnaire survey of various lifestyle habits to all
National Health Insurance (NHI) beneficiaries aged 40-79 years
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who lived in the catchment area of Ohsaki Public Health Center,
Miyagi Prefecture, northeastern Japan [19]. Among 54,996 eligible
individuals, 52,029 (95%) responded. We followed-up with the
participants from January 1, 1995 through December 31, 2008 and
recorded any mortality or migration by reviewing the NHI
withdrawal history files. On December 1, 2006, we distributed another
questionnaire to all community-dwelling individuals aged over
40 years in Ohsaki City [20]. Among the 77,325 eligible individuals,
40,027 individuals who participated in the survey in 1994, were
included without death or lost to follow-up until December 1, 2006.
By combining the data for these two surveys, we were able to use
the questionnaire responses for 16,982 participants (response rate
42 .4%).

For the present analysis, we excluded 3116 participants who
did not provide information about body weight and height, and
237 participants who did not provide information about sleep
duration. As a result, a final total of 13,629 participants were
included.

The study protocol was approved by the Ethics Committee of
Tohoku University School of Medicine. We considered the return
of self-administered questionnaires signed by the participants to
imply their consent to participate in the study.

2.2. Sleep duration

The self-administered questionnaire included question on sleep
duration. Sleep duration was assessed through each participant’s
response to the question, “How many hours on average do you
sleep per day ?” The participants entered the mean integer number
representing the hours of sleep taken per day during the previous
year. We divided the participants into five groups according to
their sleep duration: <5h (short sleep), 6 h, 7 h (reference), 8 h,
and >9 h (long sleep).

2.3. Outcome measures

The main outcome measure was >5 kg weight gain calculated
as weight (kg) in the NHI Cohort Study minus self-reported weight
(kg) recorded in the Ohsaki Cohort 2006 Study. We also assessed
BMI > 25.0 kg/m? (obesity) calculated as weight (kg) divided by
the square of height (m?). These self-reported heights, weights,
and BMI in the questionnaire were considered to be sufficiently va-
lid [21]. The Pearson’s correlation coefficient (r) between the self-
reported values and measured values were r=0.96 (p <0.01) for
weight, r=0.93 (p < 0.01) for height, and r = 0.88 (p < 0.01) for BML

2.4. Statistical analysis

We used logistic regression analyses to derive odds ratios (ORs)
and 95% confidence intervals (ClIs) for >5kg weight gain and
obesity according to each sleep duration category and to adjust for
potentially confounding factors, using the SAS version 9.2 statistical
software package. The 7h sleep duration category was selected
as the reference. All p values were two-tailed and differences at
p <0.05 were accepted as statistically significant.

We considered the following variables to be potential con-
founding factors: sex (men or women), age (continuous), BMI
(<18.5, 18.5-24.9, 25.0-29.9, or >30.0 kg/m?), education (junior
high school or less, high school, or college/university or higher),
smoking status (never smoker, past smoker, current smoker con-
suming 1-19 cigarettes per day, or current smoker consuming at
least 20 cigarettes per day), alcohol drinking (never drinker, past
drinker, or current drinker), time spent walking per day (less than
1h, or 1h or longer), sports and physical exercise time per week
(less than 1 h, 1-2 h, 3-4 h, or 5 h or longer), job status (employed,
or no occupation or housewife), marital status (married or unmar-

ried), menopausal status (premenopausal or postmenopausal), coffee
consumption (never or occasionally, 1-2 cups/day, 3-4 cups/day,
>5 cups/day), and self-rated health (good or not good). We further
adjusted for energy consumption (kcal/day) in the multivariate
models 2.

In addition, we repeated analyses after excluding participants
who had functional limitation, poor self-rated health, or history
of disease. Physical function status was assessed using the 6 item
measure of the Medical Outcomes Study (MOS) Short-form General
Health Survey [22]. Participants were excluded if they stated on
the MOS questionnaire that they were unable to perform moderate
or vigorous activities (n =3576), walk one block (n=25), or per-
form self-care activities such as eating, dressing, bathing, or using
the toilet (n=2). We excluded participants who reported severe
bodily pain (n =246), poor self-rated health (n=896), or history of
cancer (n = 160), myocardial infarction (n = 100), or stroke (n =45).
The remaining 8579 participants were apparently healthy and
their sleep duration was not affected these physical conditions.

3. Results
3.1. Baseline characteristics in terms of sleep duration categories

Table 1 shows the baseline characteristics of the study partici-
pants according to the categories of sleep duration.

The mean age was highest in the long sleep category. The pro-
portions of women decreased linearly as the sleep duration cate-
gory increased. Even though the mean weight was the lowest in
the short sleep category, the mean BMI showed no significant dif-
ference. The mean weight change increased linearly as the sleep
duration category increased. The proportion of participants who
were employed was lowest in the short sleep category, whereas
the proportions of participants who were current drinkers and con-
sumed >3 cups/day of coffee were lowest in the long sleep cate-
gory. The proportions of participants who walked >1 h/day and
did >3 h/week sports and physical exercise were highest in the
long sleep category. Mean energy consumption was lowest in the
short sleep category.

3.2. Weight gain and obesity by sleep duration category

Table 2 shows the numbers of participants who had =5kg
weight gain and obesity and the ORs of >5 kg weight gain and
obesity with 95% ClIs according to the sleep duration categories.

We observed no association between sleep duration, >5 kg
weight gain, and obesity. The multivariate OR1 for >5 kg weight
gain was 0.93 (95%Cls; 0.73-1.19) in short sleeper and 1.05
(0.91-1.20) in long sleepers (p for trend = 0.3087). Similarly, the
multivariate OR1 for obesity was 1.08 (0.77-1.52) in short sleeper
and 1.06 (0.86-1.30) in long sleeper (p for trend = 0.3712). After
further adjustments of multivariate ORs1 for energy consumption,
the multivariate ORs2 showed associations similar to those for ORs1
(=5 kg weight gain; p for trend = 0.3097, obesity; p for trend =
0.3655). In addition, after stratification by BMI, the present study
also demonstrated a null association between sleep duration and
>5 kg weight gain in normal weight participants (p for trend =
0.6236). However, among obese participants, long sleepers had a
significantly increased risk of >5kg weight gain (OR: 1.36,
95%CI: 1.09-1.70).

Table 3 shows the numbers of healthy participants who had
=5 kg weight and obesity and ORs with 95% ClIs according to the
sleep duration categories. We also observed no association be-
tween sleep duration, >5 kg weight gain, and obesity in partici-
pants who had no physical limitations or history of disease. The
multivariate OR1 for =5 kg weight gain was 0.88 (0.61-1.26) in




