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total of 39,201 men and 88,012
A women aged 40-79 years who un-
derwent health checkups in 1993
and who were free of diabetes were fol-
lowed until the end of 2004 to examine an
association between underweight and
risk of diabetes. Incident diabetes was
defined by a fasting blood glucose con-
centration =7.0 mmol/l or nonfasting
glucose =11.1 mmol/l and/or diabetes
treatment. The multivariable hazard ratio
of diabetes adjusted for age, baseline
blood glucose level, fasting status, and
other confounding variables among sub-
jects who had a BMI <18.5 kg/m* com-
pared with those with a BMI 18.5-24.9
kg/m?* was 1.32 (95% CI 1.12-1.56) in
men aged 6079 years and 1.31 (1.07—
1.60) in women aged 60-79 years. Un-
derweight may be associated with risk of
diabetes among older adults.

Diabetes Care 31:583-584, 2008

RESEARCH DESIGN AND

METHODS — In the present study,
we enrolled 181,863 nondiabetic Japa-
nese subjects (58,402 men and 123,461
women) from community residents aged
40-79 years who underwent health
checkups in 1993 conducted by the local
governments under the Japan Health
Laws. We excluded 19,201 men and
35,449 women who did not participate in
the 1994 survey, thereby ensuring that
the subjects were followed up forat least 1
year. A total of 39,201 men and 88,012

women were followed up annually until
the diagnosis of diabetes mellitus or the
end of 2004. Individuals who did not un-
dergo checkups during the follow-up pe-
riods were censored on the date of their
latest checkup.

At baseline in 1993, height and
weight were measured. BMI was calcu-
lated as weight in kilograms divided by
the square of height in meters. Plasma
glucose, serum total cholesterol, triglycer-
ide, and HDL cholesterol were measured.
An interview was conducted to ascertain
smoking status (never smoked; ex-
smoker; current smoker, <20 cigarettes
per day; and current smoker, =20 ciga-
rettes perday) and alcohol intake (never,
sometimes, <66 g/day, and =66 g/day).

We diagnosed incidence of diabetes
when there was a fasting plasma glucose
level 7.0 mmol/l or a nonfasting plasma
glucose level =11.1 mmol/l and/or when
a person had begun to receive treatment
for diabetes. Fasting was defined as not
having had a meal for at least 8 h.

HRs for diabetes according to BMI
(<18.5, 18.5-24.9, and =30.0 kg/m?)
were calculated using a multivariable Cox
proportional hazards regression model.
Covariates included age (years), baseline
blood glucose level (millimoles per liter),
fasting status (yes or no), antihyperten-
sive medication use (yes or no), antihy-
perlipidemic medication use (yes or no),
serum total cholesterol level (millimoles
per liter), serum HDL cholesterol level

From the 'Department of Public Health, Dokkyo Medical University School of Medicine, Tochigi-ken, Japan;
the 2Ibaraki Prefectural Health Plaza, Ibaraki-ken, Japan; *Public Health, Department of Social and Envi-
ronmental Medicine, Osaka University Graduate School of Medicine, Osaka-fu, Japan; and the *Department
of Health and Welfare, Ibaraki Prefectural Office, Ibaraki-ken, Japan.

Address correspondence and reprint requests to Toshimi Sairenchi, PhD, Dokkyo Medical University, 880
Kita-kobayashi, Mibu, Tochigi, 321-0293, Japan. E-mail: tossair@dokkyomed.ac.jp.

Received for publication 19 July 2007 and accepted in revised form 28 November 2007.

Published ahead of print at hup://care.diabetesjournals.org on 10 December 2007. DOI: 10.2337/dc07-

1390.
© 2008 by the American Diabetes Association.

The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

(millimoles per liter), log-transformed tri-
glyceride level (millimoles per liter), sys-
tolic blood pressure level, smoking status
(never smoked; exsmoker; current
smoker, <20 cigarettes per day; and cur-
rent smoker, =20 cigarettes per day), and
alcohol intake (never, sometimes, <66
g/day, and =66 g/day).

RESULTS — Of the 127,213 subjects
(39,201 men and 88,012 women), 8,447
developed diabetes (3,863 men and
4,584 women) during a mean of 5.3 years
of follow-up (4.9 years for men and 5.4
years for women).

Table 1 shows age-specific HRs of di-
abetes according to BMI. Compared with
subjects with BMI 18.5-24.9 kg/m?, the
multivariable HR for diabetes among sub-
jects with BMI <18.5 kg/m? (under-
weight) was 1.32 (95% Cl 1.12-1.56) in
men aged 60-79 years and 1.31 (1.07-
1.60) in women aged 60-79 years. No
significant association was found between
underweight and risk of diabetes in either
sex aged 40-59 years.

The interaction between age-group
and underweight versus BM1 18.5-24.9
kg/m? was statistically significant for
women (P = 0.012) but not men (P =
0.800).

CONCLUSIONS — To our knowl-
edge, this is the first prospective large-
cohort study to show significant
associations of low and high BMI with
risks of diabetes among older adults.
Mechanisms behind the association be-
tween low BMI (underweight) and diabe-
tes among older adults are uncertain.
Insulin secretion declines in older adults
(1); and lean diabetic older adults exhibit
a profound impairment in glucose-
induced insulin release while obese dia-
betic older adults do not (2). Several
experimental studies using rats showed
that protein-calorie malnutrition and
magnesium deficiency cause low insulin
secretion and a low pancreatic insulin
store (3,4). In humans, a study of 556
older adult subjects reported that a poor
nutritional status was associated with the
prevalence of type 2 diabetes; mean se-
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Underweight and risk of diabetes

Table 1—Age-specific HRs (95% Cls) for incidence of diabetes according to BMI among 39,201 men and 88,012 women in Ibaraki-ken, Japan,

1993-2004
Incidence
Person- rates/1,000 Age-adjusted HR Multivariable HR*
BMI (kg/m?) n years person-years (95% CI) (95% CI)
Men
Aged 40-59 years
<185 284 1,176 17.9 1.21 (0.78-1.87) 1.33 (0.85-2.05)
18.5-24.9 8,977 46,547 14.2 1.00 (ref.) 1.00 (ref)
25.0-29.9 4,180 20,701 222 1.53 (1.36-1.73) 1.33(1.17-1.51)
=30.0 278 1,230 333 2.25(1.64-3.09) 1.69 (1.22-2.34)
Aged 6079 years
<185 1,375 5,906 26.4 1.27 (1.08-1.50) 1.32 (1.12-1.56)
18.5-24.9 18,031 87,462 20.2 1.00 (ref) 1.00 (ref))
25.0-29.9 5,781 27,348 26.2 1.29 (1.18-1.40) 1.18(1.08-1.30)
=300 . 295 1,353 31.8 1.56 (1.16-2.12) 1.33 (0.98-1.81)
Women
Aged 40-59 years
<18.5 1,506 8,538 4.6 0.79 (0.57-1.09) 0.87 (0.63-1.20)
18.5-24.9 31,655 185,911 59 1.00 (ref.) 1.00 (ref.)
25.0-29.9 10,970 61,582 11.3 1.81 (1.64-1.99) 1.40 (1.27-1.55)
=30.0 1,236 5,838 31.5 4.93 (4.22-5.77) 2.81(2.38-3.31)
Aged 60~79 years
<185 1,915 8,953 11.8 1.16 (0.95-1.41) 1.31 (1.07-1.60)
18.5-24.9 26,464 137,095 9.8 1.00 (ref.) 1.00 (ref.)
25.0-299 12,904 64,294 151 1.54 (1.41-1.67) 1.31 (1.20-1.43)
=30.0 1,362 5,722 26.2 2.57 2.17-3.04) 1.85 (1.56-2.20)

*Adjusted for age (years), baseline blood glucose level, fasting status (yes or no), antihypertensive medication use (yes or no), antihyperlipidemic medication use (yes
or no), serum total cholesterol level, serum HDL cholesterol level, log-transformed triglyceride level, systolic blood pressure level, smoking status (never smoked;
ex-smoker; current smoker, <20 cigarettes per day; and current smoker, =20 cigarettes perday), and alcohol intake (never, sometimes, <66 g/day, and =66 g/day).

rum albumin levels were lower among
diabetic than nondiabetic subjects (5).
Furthermore, low dietary magnesium
was associated with risk of type 2 dia-
betes (6).

The strength of the present study
comes from the use of a large cohort in
which the incidence of diabetes was ascer-

- tained by blood glucose levels, as opposed
to many previous large-cohort studies by
self-administered questionnaire (7,8). On
the other hand, our study had several lim-
itations. First, potential confounding fac-
tors brought about by physical activity
remained because we did not assess this
variable. However, physical activity was
reported to not substantially alter the as-
sociation between BMI and risk of diabe-
tes (9). Second, oral glucose tolerance
tests were not conducted for diagnosis of
diabetes. Third, the follow-up rate was
moderate. However, the BMI distribu-
tions were similar between the subjects
followed and those not followed. There-
fore, the results were unlikely to be af-
fected by the participants not followed.
Fourth, although we addressed the asso-

ciation between underweight and excess
risk of diabetes among older adults, the
magnitude of the relationship for whole
population might be small because large
sample size yields excess statistical power.
Finally, the subjects in the present study
were residents of only a single prefecture
in Japan. In summary, underweight may
be associated with risk of diabetes among
older adults.
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kg/m2, #cff 40-59 5% Tid 21.6 kg/m2?, 60-79 3% TlX 28.4 kg/m2 Th - 1=,

(3) HERBREECOERZBE LEERREEI A7 FH L —FOBER
(BEFH 1T, mEH FI, AT SUZ, B BE, Bh ERK, KA %

Development of diabetes risk prediction sheets for specific health guidance. B &
NREAHESE 55, 2008 in press.)

B9

B HERBEESCERTSIZOOERBREEY A7 2FRTERXa7 OER
EHERRBEY R FHIC— F2BEBITI3ZL2B/ME LT,

FE KBREBEEZIDEEMTERERREOT —F LV, 1993 EEICEEAREDE
X2 LT 40~69 B0 FH & 53,388 A (B 16,289 A, %t 37,099 N\) ZFETD
MEEL, BEOERABREDERES 2003 EFEE TEH L (EHEHEYK : B4
5.0 F, KtE 5.5 F), N— AT VHORBRERICESE, M¥E, PHEN i
EHE), IRNEHAM/E, body mass index (BMI), BWEROHFE (BlE, HAISMiE),
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BRI, BRIERT, BMEBOEERROSERN, BERFRE (ZHEEMLE 126
mg/dL LAk, BERFMEE 200 mg/dL LA £, BERBEEFTFONTRD) KRIZTEES
stepwise k12 L D Cox DN — FETAEZHAVW TR L, D TCEETH-
7FHEBOHEXERE (relative risk: RR) 3 _RTCERETHI L TERKBY A7 R
TH#EHLE, SLRZOBERBI A 2aT72ECHFERBIFECERALS 38
RIFREY A7 FRY— FOBRBERR T,

R BRI, 3,664 A (B 1,667 A, Kt 1987 A) OERBRENBE
Ihi-, BREREZTFTRETHIEBRLL T, BxLbiz BMI, e, ZEEHRR, I
FHME, SHLERRE, PHEFSLUCEERABFERIN, Thox AV THER
HFIV R Z2Aa7 2B Lz, BRLEAaT7ICESE, RABRFOREZERS IV
RRZRL, BHLRAREEOEEZET EOOATEZEVRAATTERKBREIEY X7
FH—FEREE L,

W OAT— MI, BRERBEEZDRMCERTEIEZDOVES>OY—NVERD
TENHBETE D,

3. SHOBEHE

TR 19 FEERIC, FR 18I FDOERERBRE DREMEELITV, X2 % 13-14
ERETORL - BHEFORRIKTII2FETH D, ELEDOERORRIZON
T, FRH 18,19 FANBERTCEMKT — 7L OBAIRTER 0 ERICERTITFE
Th D,

o, RALTHNOEREERIRMAZ 2R L LT, Fi 21 FEORKRERE
BDEER—RITA L LEFEREIRE aFx— MREZHESR TH 5,
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1. JACC Study

SRR %.'@%_kWkik#ﬁ@#%ﬁ%ﬂ&%ﬁﬁE?%@&%%E# R
TEMAEE ER BT FIERKFEFBAORFEEE HHES

A BFEDOBEM

AARADAEEE (Fiz i3, REDE, ASE. EHTELY) BRERE T/
LTW5b, ZRIZHEV, BAIKKDEEEHE, BTRIZ, EHICELEMLTEBY, 2
ADEBRBREEFET BT TR, BEACBIT 2B RRATHELRT
BILBBETHD,

1980 FEfhd, UHOFABEEHE (LEBRAEEXHFHES) 2BLICRAD
BEREENETY . ARACBIARAREBEER > KEEL 25— MNFZEIC &
DEET 52 L% BRIIZ JACC Study IZBRAENT-, T3k — FFRIT. W12 FA
D—BERZEHTEILICED, REOAAACAEEEARAL POL S ICEE
LTWANRERLMCTAIERXEMELTVS, 20Kk, BEREROEEFEE
bak— MEEKBSEL, BETRERBEBRZ L NEA L F L LE-BHHE LT
S TW5H,

B. W& & Fik |

N—=RAT7 A4 VABEZIEE S MEICEDEREZIRIC, 1988 ENE 90 EDHIZHE
AERETAEEE. BEBRRCORELZITV., FEBIZ 40~7987 57 110,792 £
(5 46,465 &, % 64,327 4) ZEBHNE L L, 5 HED I H, 22 #HIK TIIHKA
CEETIRYFEHOLTOEREZMNR L L, 20 IR TIIEABREBEICESS EXR
R2ELZZLEREUEE L, 2HEX TR, EXERZ2EOZZEIIMATRS
YTATDEMEZ LG EL, BY | HRIIEBERDZZELHNRL L, N—
AT7AVHIZHBEFNIITACOVWTRELFELERL, LA AFa2—75K 1 4KH
T2V#300ul) IZHEL, 80OCTHRE LR, ETOFERIT, EHRTa L Pa—FIT
BEFERELTANSh RAREFE2REXBENODZ2MHE L-EFHFENEER (£
TERZEFBTFHESE) Ixffahi, YREIEIFEEMOBZFERMIELT
R - ABEFEEZRLILBIFHETH o2, AL LT, AEEOREIC THBE~D
BADEE W L LTHRAOUMALZ L., MIRBFICELZEKBALE, 7L, —HoH
KT, HBOKRE~DOREL THOEREL L ->T, HELER LI, -
XTRRHIE D 5 B 31 WK TIX, N—X T4 VAENLOGHN 5 ERICTRIREL EHL .
NR—ZAF 4 VRABERBED I LRSS FADENPLEZ B, FREFEETIL. BEE.
BREECREZEICOVT, BIC5EBMOLELLIZEE L CHAESTo -,
RURRIL. I2F L CRBECANBBRAEHO BHAFIARHELITV, BT
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STRUCTURED ABSTRACT

Objective. Since smoking and exercise have opposite effects on coronary risk factors,
we hypothesized that smoking may weaken the protective effect of exercise on
prevention of coronary heart disease. We aimed to determine the effect of smoking on
the relationship between sports participation and mortality from coronary heart disease.

Design. Population-based prospective cohort study in Japan.

Farticipants. A total of 76,832 Japanese men and women, aged 40 to 79 years with no
history of stroke, coronary heart disease, or cancer, completed a self-administered
questionnaire between 1988 and 1990.

Main outcome measures. Systematic mortality surveillance was performed through
2003, and 638 coronary heart disease deaths (496 myocardial infarction) were
identified.

Results. Persons who reported the longest time in sports participation (>5 hours/week)
had approximately 50 to 80% lower age-adjusted risk of mortality from coronary heart
disease, compared with those in the second lowest category (1-2 hours/week) among
never and ex-smokers, but no association was found among current smokers.
Adjustment for known risk factors and exclusion of individuals who died within 2
years of baseline inquiry did not substantially alter these associations. The
multivariable hazard ratios (95% confidence interval) of coronary heart disease for the
>5 hours/week versus 1-2 hours/week of sports participation were 0.44 (0.23 to 0.86)
among never smokers, 0.18 (0.05 to 0.60) among ex-smokers, and 0.82 (0.47 to 1.40)
among current smokers. These associations were similarly observed between men and
women.

Conclusions. Smoking could reduce the beneficial effect of sports participation for
reduction of fatal coronary heart disease.
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Main text

Both physical inactivity and cigarette smoking are major risk behaviors for
coronary heart disease. The estlmated population attributable risk for phys1cal
inactivity is approximately 33%' and approximately 17% for smoking?®. Exercise and
smoking cessation are important strategies to reduce the social burden of coronary
heart disease’. The reported benefits of exercise include lowerlng of blood pressure
levels®, increasing insulin sensitivity® and HDL-cholesterol levels® and improvement
of endothehal function’. On the other hand, smoking is associated with the
development of hypertension®, impaired insulin sensitivity’, reduction of HDL-
cholesterol levels'’, and impaired endothelial function''. These effects of smoking
may weaken the beneficial effects of exercise for prevention of coronary heart disease.

We reported previously the presence of an inverse association between sports
partlcxpatlon and mortality from coronary heart disease among Japanese aged 40-79
years'”. In the present study, we examined whether smoking modifies the relationship
between sports participations and mortality from coronary heart disease among
Japanese men and women, using the same cohort with an extended follow-up.
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Methods

Study cohort and baseline questionnaire

The Japan Collaborative Cohort Study for Evaluation for Cancer Risk Sponsored by
Monbusho (JACC study) was undertaken from 1988 to 1990, when 110,792
individuals (46,465 men and 64,327 women) aged 40 to 79 years and living in 45
communities across Japan participated in municipal health screening examinations
and completed self-administered questionnaires about their lifestyles and medical
histories of previous cardiovascular disease and cancer'’. Informed consent was
obtained from participants or the community representatives for conducting an
epidemiological study prior to completing the questionnaire, based on guidelines of
the Council for International Organizations of Medical Science'®. The Ethics
Committee of the University of Tsukuba approved this study.

A total of 35,773 men and 45,344 women provided a valid response to questions
about the smoking status: their smoking status (current, ex-, or never smoking) and
amount of cigarette smoking per day'’ and the average weekly time spent in athletic
and sporting events: “What is the average amount of time you spend engaging in
sports on a weekly basis?’ with a list of possible answers of ‘<1 hour’, ‘1-2 hours’, ‘3-
4 hours’ and >5 hours’'2. The validity of the estimated time spent participating in
sports and leisure time physical activity was examined in a random sample of 739 men
and 991 women from the baseline participants'®. The Spearman’s rank correlation for
the reported time spent participating in sports with leisure-time physical activity
reported during the past 12 months, and that estimated from a structured interview
based on the Minnesota leisure-time physical activity questionnaire'’, was 0.53 in men
and 0.58 in women. The reliability of engagement in sports was examined 12 months
apart in a random sample of 416 men and 636 women. We obtained modest kappa
coefficients; 0.45 in men and 0.40 in women for time spent participating in sports (4
categories).

We excluded 2,002 men and 2,283 women from the analysis because of a
previous history of stroke, coronary heart disease, or cancer at the time of baseline
inquiry. Therefore, a total of 76,832 participants (33,771 men and 43,061 women)
were enrolled in the present study. '

Mortality surveillance

For mortality surveillance, the investigators conducted a systematic review of death
certificates, all of which were forwarded to the local public health center in each
community. It is believed all deaths that occurred in the cohort were ascertained,
except for subjects who died after they had moved from their original community, in
which case the subject was treated as a censored case. Mortality data were sent
centrally to the Ministry of Health and Welfare, and the underling causes of death
were coded for the National Vital Statistics according to the International
Classification of Disease, 10th revision. Cause-specific mortality was determined by
the total deaths due to coronary heart disease (International Classification of Disease,
10th revision, codes 120 to 125) and myocardial infarction (121). The mortality follow-
up inquiry for this study was conducted until the end of 2003, and the average follow-
up was 12.5 years.
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Statistical analysis
Statistical analysis was based on cause-specific mortality rates. Person-years of
follow-up were calculated from the date of the baseline questionnaire to the date of
death, moving from the community, or the end of 2003, whichever occurred first. The
hazard ratio of mortality from coronary heart disease was defined as the death rate for
the participants within the four categories of time spent in sports participation divided
by the corresponding rate among those who reported 1-2 hours/week average time in
sports. Because the individuals in the lowest categories (<1 hours/week average time
in sports) were more likely to have ill health and the goal of this study was to study
physical activity in healthy subjects, the second lowest categories (1-2 hours/week
average time) in adjusted means and proportions of selected cardiovascular risk
factors at baseline inquiry were presented among the categories of sports participation,
stratified by smoking status. Differences in the mean values and proportions relative -
to those who reported 1-2 hours/week average time in sports were examined, using the
t-test or chi-square test. The sex and age-adjusted and multivariable hazard ratios and
the 95% confidence intervals were calculated after adjustment for sex, age and
potential confounding factors by using the Cox proportional hazards model. These
factors included body mass index (quintiles), history of hypertension (no versus yes),
history of diabetes (no versus yes), alcohol intake category (never, ex-drinker, and
current drinker of ethanol at 1-22, 23-45, 46-68, and >69 g/day), hours of sleep (<6.0,
6.0-6.9, 7.0-7.9, 8.0-8.9, and >9.0 hours/day), age of completed education (<13, 13-15,
16-18, and >19 years old), job style (manual worker, office worker, and non-worker),
perceived mental stress (low, medium, and high) and frequency of fish intake (0, <1,
1-2, 3-4, and >5 times/week), and the average daily time spent walking: (‘<0.5 hour’,
‘0.5 hour’, ‘0.6-0.9 hour’ and ‘>1.0 hour’). Test for effect modification by smoking
status was conducted with an interaction term generated by multiplying the sports
participation categories by smoking status. Because there was sex difference in
prevalence of smoking status, we also presented the data stratified by sex. To clarify
an effect of smoking itself for mortality from coronary heart disease, we also calculate
the hazard ratios according to combined variables of smoking status and time spent in
sports, compared with never smokers with 1-2 hours/week of sports participation as
reference. We tested the assumption of proportional hazards according to time spent in
sports participation, which was tested by using both time-dependent covariate method
and linear correlation test'®, and found no violation for proportionality.

All probability values for statistical significance were 2 tailed, and all confidence
intervals were estimated at the 95% level. All statistical analyses were conducted
using SAS, version 9.13 (SAS Institute, Inc., Cary, NC, USA).
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