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Validity of Using Body Mass Index as a
Surrogate Measure of Abdominal Obesity

To the Editor:
We read the recent article by Irie et al' with great interest,
The study showed the association between the clustering of
metabolic risk factors and cardiovascular mortality in a popu-
lation of community-dwelling men and women in Japan.
They concluded that the clustering of metabolic risk factors
increases the risk of cardiovascular discase, irrespective of
the presence or absence of overweight. While we agree with
their conclusion, we are concerned about the rationale for
using the body mass index (BMI) 225.0kg/m? as a surrogate
criterion for the waist circumference (WC) 290cm (ie, abdom-
inal obesity) in men. They stated that these values are reported
to correspond well in Asian men, but the cited reports do not
appear to mention this issue. Tn this regard, according to our
data, which were obtained from male workers (age range;
40-65 years) during a health examination at 2 companies in
Japan, the BMI closely correlated with the WC (r=0.89) and a
lincar regression analysis showed the BM1 levels correspond-
ing to the WC of 90¢m in men to be 25.6kg/m? (Figure 1), A
receiver operating characteristic curve analysis also revealed
the optimal cutoff ievel of BMI to be 25.0kg/m? for identify-
ing participants with a WC 290cm (Figure 2). Although our
data were not collected from the general population, these
findings at least partially support the methodology in the
report by Irie et al.

The Japanese criteria of metabolic syndrome define abdom-

LETTER TO THE EDITOR

inal obesity as the WC 285cm in men.2 However, a recent
study demonstrated a WC of 90cm to represent both the
visceral fat area of 100cm? and the clustering of metabolic
risk factors in Japancse men.? Moreover, the Hisayama study
showed the optimal cutoff level of WC to be 90cm in men
for predicting cardiovascular events.* We therefore accept
the concept by Tric et al, which adopted the WC 290c¢m for
the diagnosis of abdominal obesity, However, when diagnos-
ing abdominal obesity using the BMT as a surrogate measure
of WC, it is necessary to demonstrate its validity.
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Figure 1. A scalter plot for the correlation between the body

mass index (BMI) and the waist circumference (WC) in male
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Validity of Using Body Mass Index as a
Surrogate Measure of Abdominal Obesity:
Reply

We used body mass index (BMI) 225kg/m? as a surrogate cri-
terion for abdominal obesity' because that cutoff value corre-
sponds to waist circumference (WC) 290cm in men or >280cm
in women of Asian populations, as we cited,? and as also
reported by the WHO Western Pacific Region, International
Association for the Study of Obesity and the International
Obesity Task Force,® which recommended new diagnostic
criteria to identily overweight and obesity for the Asia-Pacific
region because the WHO criteria established in 1998 may
not be appropriate for Asiun populations based on their risk
factors and morbidities.* They proposed that the cut-off for
obesity in Asians (BMI 225kg/m?) was lower than that in
Europeans (BMI 230kg/m?). They also mentioned the Asian
criteria of waist circumference (WC) as the measure of ab-
dominal obesity because body fat distribution determines the
risk associated with obesity, The WHO report in 1998 sug-
gested that 94 cm in men and 80cm in women should be the
appropriate measures in Europeans, but these cut-offs were
not suitable for Asian populations; 90cm for men and 80cm
for women were suggested as interim values for Asians,

BMI and WC correlate well in both men and women and
these 2 obesity measures related to the metabolic risk factors
in a community-based population in Japan.® We considered
that the use of BM1 as surrogate measure of WC is acceptable
when WC was not routinely obtained. Further, prospective
studies examining the association between each obesity mea-
surc and cardiovascular endpoints are needed to evaluate
validity.

The recent report in the Korcan population investigated

Crculston Journal
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the appropriate visceral adipose tissue (VAT) cut-off values
for predicting metabolic risk factors. They indicated that
the appropriate VAT cut-offs for metabolic risk factors were
100cm? in men and 70em? in women using receiver-operat-
ing characteristic analysis. Regression lines indicated that
VAT of 100cm? corresponded to WC of 88.1cm and BMI
of 24.9kg/m? in men, and VAT of 70cm? corresponded to
WC of 84.0cm and BMTI of 25.1 kg/m? in women 6

We appreciate your comparable data, indicating that BMI
225 kg/m? corresponds to WC 290¢m in Japanesc men,
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concentrations and mortality from coronary heart disease
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Abstract. Noda H, Iso H, Irie F, Sairenchi T, Ohtaka E,
Ohta H (Osaka University, Osaka, Japan; Harvard
School of Public Health, Cambridge, MA, USA; Iba-
raki Prefectural Office, Ibaraki; Dokkyo Medical Uni-
versity School of Medicine, Tochigi; Ibaraki Health
Service Association, Ibaraki; Japan). Gender differ-
ence of association between LDL cholesterol concen-
trations and mortality from coronary heart disease
amongst Japanese: the Ibaraki Prefectural Health
Study. JIntern Med 2010;00: 000-000

Objective. The aim of this study was to examine whether
LDL cholesterol raises the risk of coronary heart dis-
ease in a dose-response fashion in a population with
low LDL-cholesterol levels.

Design. Population-based prospective cohort study in
Japan.

Subjects and main outcome measures. A total of 30 802 men
and 60 417 women, aged 40 to 79 years with no
history of stroke or coronary heart disease, com-
pleted a baseline risk factor survey in 1993.

Systematic mortality surveillance was performed
through 2003 and 539 coronary heart disease
deaths were identified.

Results. The mean values for LDL-cholesterol were
110.5mgdL™ (2.86 mmol L") for men and
123.9 mg dL7! (3.20 mmol L™!) for women. Men with
LDL-cholesterol 2140 mg dL™* (23.62 mmol L™!) had
two-fold higher age-adjusted risk of mortality from
coronary heart disease than did those with LDL-cho-
lesterol <80 mg dL™! (<2.06 mmol L™!), whereas no
such association for women was found. The multivar-
iable hazard ratio for the highest versus lowest cate-
gories of LDL-cholesterol was 2.06 {95 percent confi-
dence interval: 1.34 t03.17) formen and 1.16 {0.64
to 2.12) for women.

Conclusion. Higher concentrations of LDL-cholesterol
were associated with an increased risk of mortality
from coronary heart disease for men, but not for wo-
men, in alow cholesterol population.

Keywords: coronary heartdisease, gender, LDL,

Intreduction

Low-density lipoprotein cholesterol (LDL-choles-
terol) is one of the major atherogenic lipoproteins
and has been identified by the National Cholesterol
Educational Program (NCEP) Expert Panel as a
primary target for prevention of coronary heart
disease [1, 2].

Previous studies [3-6] showed that high concentra-
tions of LDL-cholesterol were associated with in-
creased risk of coronary heart disease mainly for ob-
ese populations with higher concentrations of LDL-
cholesterol, whereas little evidence is available for

less obese populations with lower concentrations of
LDL-cholesterol. It therefore remains unclear
whether a similar association as for obese popula-
tions is also observed at lower ranges of LDL-choles-
terollevels.

As the metabolism of obese populations is affected
by different environmental factors than those
affecting less obese population, it is of major
importance to examine the effect of LDL-cholesterol
on the risk of coronary heart disease for popula-
tions with its lower ranges. First, it is difficult to
examine the threshold values in the lower ranges
of LDL-cholesterol amongst obese populations,

© 2010 Blackwall Publishing Ltd 1
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because of their higher concentrations of LDL-cho-
lesterol. Seven countries study confirmed the posi-
tive association between total cholesterol and mor-
tality from coronary heart disease for high
cholesterol populations, including Americans, but
not for Japanese, who had the lowest population
mean levels of total cholesterol levels [7]. Previous
studies [3-6] of participants with a higher mean le-
vel of LDL-cholesterol could not examine the effect
of LDL-cholesterol amongst individuals in the lower
LDL-cholestero! ranges. Thus, the report of Adults
Treatment Panel III (ATP III) could not make any
recommmendations for further reduction of LDL-cho-
lesterol for populations with low mean LDL-choles-
terol levels [2].

Secondly, obese populations were found to be more
likely to show a mixture of multiple metabolic abnor-
malities {8}, which may lead to high LDL-cholesterol
levels, and thus make it more likely for such popula-
tions to be at high risk. In fact, a previous study
showed that almost all persons (>95%) enrolled in the
Third National Health and Nutrition Examination
Survey (NHANES III) had border line or higher levels
of coronary risk factors [9].

To examine whether LDL-cholesterol raises the risk
of coronary heart disease for a less obese population
with low LDL-cholesterol levels, we conducted a pop-
ulation-based cohort study of Japanese men and wo-
men, who had lower means of total cholesterol and
body mass index in comparison with Western popu-
lations|[7, 10].

Materials and methods
Study cohort and population

In 1993, the Ibaraki Prefectural government initiated
a community-based cohort study, known as the Iba-
raki Prefectural Health Study, to obtain information
on health status for the purpose of health education
and policy making [11-13]. The participants in the
cohort were 98 196 individuals (33 414 men and
64 782 women) aged 40-79 years, living in Ibaraki
Prefecture, who underwent an annual health check-
up in 1993, which included the examination of blood
lipids for 96 610 individuals (32 984 men and
63 626 women).

We excluded 5391 persons (2182 men and 3209 wo-
men) from our analysis because of a previous history
of stroke and coronary heart disease at the time of
baseline inquiry. Thus, a total of 91 219 individuals

2 © 2010 Blackwell Publishing Ltd Journal of Internal Medicine
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(30 802 men and 60 417 women) were enrolled in the
study presented here.

Informed consent was obtained from the community
representatives for conducting an epidemiological
study based on guidelines of the Council for Interna-
tional Organizations of Medical Science [14]. The Eth-
ics Committee of Ibaraki Prefecture approved this
study.

Measurement of risk factors

Serum total cholesterol and triglycerides were
measured with enzymatic methods using an RX-30
device (Nihon Denshi, Tokyo, Japan) and HDL
cholesterol levels were measured with phospho-
tungstic acid-magnesium methods using an
MTP-32 (Corona Electric, Ibaraki, Japan). These
measurements were performed on the premises of
the lbaraki Health Service Association, and were
standardized by the Osaka Medical Center for
Health Science and Promotion under the aegis of
the US National Cholesterol Reference Method Lab-
oratory Network (CRMLN). The laboratory of the
Osaka Medical Center for Health Science and Pro-
motion has been standardized since 1975 by the
CDC-NHLBI Lipid Standardization Program pro-
vided by the Center for Disease Control and Pre-
vention {Atlanta, GA) and has met all the criteria
for both precision and accuracy of lipid measure-
ments [15]. LDL-cholesterol was calculated using
the Friedewald formula as follows: LDL-cholesterol
(mg dL™Y) = total cholesterol {mg dL"'}~HDL-cho-
lesterol (mg dL™')-0.2*triglycerides (mg dL™Y) [16].
A previous study showed no bias related to LDL-
cholesterol levels amongst persons with <802 mg
dL™! (<8.8 mmol L™}) of triglycerides in fasting
blood samples {17]. As 83% of subjects were nonfa-
sting, we compared LDL-cholesterol measured by
direct method as golden standard and values
estimated from the Friedewald formula amongst
serum samples from 15743 men and 13 143
women aged 40-79 years who participated in
health check-ups by Osaka Medical Center for
Health Science and Promotion [15]. We found that
the values by Friedewald formula were comparable
with LDL-cholesterol levels measured by direct
method when triglycerides were <802 mgdL™’
(<8.8 mmol L™!) in both fasting and nonfasting
blood samples. The Spearman’s rank correlation
coefficients between directly measured and esti-
mated LDL-cholesterol values were 0.96 (0.96 for
men and 0.97 for women) in fasting and 0.94 (0.93
for men and 0.95 for women) in nonfasting
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subjects. Non-HDL-cholesterol was calculated as
follows; Non-HDL-cholesterol (mg dL™?) = total cho-
lesterol (mg dL~!)~HDL-cholesterol (mg dL™").

Mild hypertension was defined as systolic blood
pressure 140-159 mmHg or diastolic blood pres-
sure 90-99 mmHg, and the corresponding values
were 160-179 mmHg or 100-109 mmHg for mod-
erate hypertension and 2180 mmHg or 2110 mmHg
for severe hypertension. Diabetes was defined as a
plasma glucose level of 2126 mg dL™! (27.0 mmol
LY during fasting or >200 mg dL™! (211.1 mmol
LY} during nonfasting, or as use of medication for
diabetes, and impaired glucose tolerance was de-
fined as a plasma glucose level of 110-125 mg dL™!
{6.1-6.9 mmol L) at fasting or 140-199 mg dL™!
(7.8-11.0 mmol L™!) at nonfasting and no use of
medication for diabetes. Kidney dysfunction was
defined as a serum creatinine level of 1.2 mg dL™!
(2110 pmol L™*) for men or of =21.0 mgdL™!
(290 umol L) for women and/or as a history of
kidney disease. Height in stocking feet and weight
in light clothing were measured and body mass in-
dex (BMI) was calculated as weight (kg) per height
(m)?. An interview was conducted to ascertain
smoking status, number of cigarettes smoked per
day, usual weekly intake of alcohol in go units {a
Japanese traditional unit of alcohol intake con-
verted to grams of ethanol per day at 23 g ethanol
per go unit) and histories of stroke and heart dis-
ease. Current drinkers were defined as occasional
and habitual drinkers.

Follow-up surveillance

To ascertain deaths in the cohort, the investigators
conducted a systematic review of death certificates,
which in Japan are all forwarded to the local public
health centre of every community. It is believed that
all deaths that occurred in the cohort were ascer-
tained, 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 are centralized at the Ministry of Health and Wel-
fare, where the underlying causes of death are coded
for the National Vital Statistics according to the Inter-
national Classification of Disease, 9th (1993-1994)
and 10th (1995-2004) revisions (410414 for Inter-
national Classification of Disease, 9th revision and
codel20toI25 for 10th revision).

The follow-up inquiry for this study was conducted
until the end of 2003 and the median of follow-up was
10.3 years. Only 3.2% of the subjects had moved out

of their respective communities and were treated as
censored.

Statistical analysis

Statistical analysis was based on mortality rates from
coronary heart disease divided by clinical categories
of LDL-cholesterol (<80, 80-99, 100-119, 120-139,
>140 mg dL™! or <2.06, 2.06-2.57, 2.58-3.09, 3.10-
3.61, 23.62 mmol L™!). Person-years of follow-up
were calculated from the date of the baseline survey
to the date of death, exit from the community, or the
end of 2003, whichever occurred first.

Sex-specific age-adjusted means and proportions of
selected cardiovascular risk factors at baseline were
determined in terms of the LDL-cholesterols catego-
ries. The t-test or chi-squared test was used to exam-
ine differences in age-adjusted mean values and
proportions of baseline characteristics from those
of the lowest LDL-cholesterol category. The age-
adjusted and multivariable hazard ratios (HR) and
95% confidence intervals (95% CI) were calculated
with the Cox proportional hazards model after adjust-
ment for age and potential confounding factors.
These potential confounding factors included body
mass index (sex-specific quintiles), blood pressure
categories (normal, mild hypertension, moderate
hypertension or severe hypertension), anti-hyperten-
sive medication use (yes or no) diabetes status
(normal, impaired glucose tolerance or diabetes),
gamma-glutamyl transferase (sex-specific quintiles),
kidney dysfunction (yes or no), smoking status
(never, ex-smoker and current smokers of one to
19 or 220 cigarettes per day), alcohol intake category
{never or ex-drinkers, occasional drinkers and habit-
ual drinkers consuming <69 g day™' and 269 g
day™! of ethanol respectively), HDL-cholesterol (<40,
40-49, 50-59, 60-69, >70 mg dL"* or <1.03, 1.03-
1.28,1.29-1.54,1.55-1.80,>1.81 mmol L") and tri-
glycerides (<100, 100-149, 150-199, 200-249, 250~
299, 2300 mg dL™! or <1.12, 1.12-1.68, 1.69-2.24,
2.25-2.81,2.82-3.37, 23.38 mmol L™}, We also cal-
culated the HR per 1 SD increment of LDL-cholesterol
(32.5 mg dL™ or 0.84 mmolL™!). We tested the
assumption of proportional hazards for LDL-choles-
terol categories [18] and found no violation of propor-
tionality. Tests for effect modification by sex or other
variables were conducted with an interaction term
generated by multiplying the continuous variables of
LDL-cholesterol by sex or other variables. As the
Friedewald formula introduces biased data for
LDL-cholesterol [17], we conducted an additional
analysis after the exclusion of persons with
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hypertriglyceridaemia (triglycerides >802 mg dL™)
at baseline survey (55 men and 23 women), and after
exclusion of persons used lipid lowering medication
at baseline survey (370 men and 1903 women). Fur-
thermore, we analysed the data excluding deaths
within the first 2 years after the baseline (399 men
and 264 women) to examine the potential effect by
any existing preclinical disorders.

We further analysed the data with Cox proportional
hazard model with the time-dependent covariates,
using the additional data of LDL-cholesterol and con-
founding factors for 80 578 persons (88.3% of the
participants) whose blood lipids had been examined
additionally more than once during follow-ups. The
median duration between the date of the latest exami-
nation and the date of the end of the follow-up was
0.7 years.

As the presence of competing risks may lead to biased
results, we also analysed using proportional hazard
model for the subdistribution of competing risks [19].
We also examined possible effects of cut-offs on the
significant associations nonparametrically by using
restricted cubic splines method [20]. Tests for nonlin-
earity were examined by the likelihood ratio test,
comparing the model with only the linear term to the
model with the linear and the cubic spline terms.

All statistical tests were two-sided and a P-value
<0.05 was regarded as statistically significant and a
P-value 0.05 to 0.10 was regarded as borderline sig-
nificant. All statistical analyses except for propor-
tional hazard model for the subdistribution of com-
peting risks were conducted using sas, version 9.13
(SASInstitute, Inc., Cary, NC, USA). rversion 2.6.1 (R
Foundation for Statistical Computing, Vienna, Aus-
tria} was used for calculations pertaining to the pro-
portional hazard model for the subdistribution of
competing risks.

Results

A total of 91 219 persons (30 802 men and 60 417
women) were followed up for a median of 10.3 years,
during which time 295 men and 244 women died
from coronary heart disease. The mean (standard
deviation: SD) LDL-cholesterol level was 110.5 mg
dL™! (31.6) for men and 123.9 mg dL™* (31.9) for wo-
men. The prevalence of obesity (BMI230.0 kg m™)
was 1.7% for men and 3.3% for women.

Table 1 shows selected cardiovascular risk factors by
LDL-cholesterol concentration category. Compared
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with men whohad the lowest levels of LDL-cholesterol
(<80 mg dL™!: <2.06 mmol L), those who had the
highest levels (2140 mg dL™': 23.62 mmol L™!) were
younger, more fasted, more likely to use medication
for lipid abnormality and less likely to use medication
for hypertension, smoke or drink heavily. They also
tended to have kidney dysfunction, higher mean body
mass index and total cholesterol level, and lower
mean systolic blood pressure, gamma-glutamyl
transferase, HDL-cholesterol and triglyceride levels.
Except for certain risk factors, similar associations
were observed for women. Compared with women
who had the lowest LDL-cholesterol levels, women
with the highest levels were older, more likely to have
diabetes and had higher mean systolic and diastolic
blood pressure and gamma-glutamyl transferase le-
vel. Compared with women, men had higher means of
systolic and diastolic blood pressure, gamma-glut-
amyl transferase and triglyceride levels, and lower
means of body mass index, and total, HDL, non-HDL
and LDL-cholesterol levels (not shown in the table).
Men were likely to have diabetes mellitus and kidney
dysfunction, smoke, drink heavily and use medica-
tion for lipid abnormality.

Age-adjusted mortality from coronary heart disease
was twice as high for the highest than for the lowest
LDL-cholesterol category for men, whilst there was
no such association for women (Table 2). Adjustment
for potential confounding factors did not alter these
associations materially. The multivariable HR {95%
CI) of coronary heart disease mortality for the highest
versus the lowest concentrations of LDL-cholesterol
was 2.06(1.34-3.17), P=0.001, for men and
1.16(0.64-2.12), P=0.62, for women. The corre-
sponding multivariable HR (95% CI) associated with
a 1 SD increment in LDL-cholesterol was 1.27(1.13~
1.43), P<0.0001 and 1.06(0.93-1.21), P=0.36.
There was a borderline significant interaction for gen-
der difference in the association between LDL-choles-
terol and mortality from coronary heart disease (Pfor
interaction = 0.06).

These associations did not alter substantially after
the exclusion of persons with hypertriglyceridaemia,
persons who used lipid lowering medication or deaths
within the first 2 years, for analysis with the time-
dependent covariates Cox proportional hazard model
or for analysis with proportional hazard model for the
subdistribution of competing risks (not shown in
the table). The HR (95% ClI) of coronary heart disease
mortality for the highest versus lowest LDL-choles-
terol levels was 2.05(1.33-3.15), P= 0.001 for men
and 1.16(0.64-2.10), P= 0.64 for women after the
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Table1 Gender-specificage-adjusted meanvalues or prevalence of cardiovascular risk factors according to LDL-cholesterol levels

Men

Women

LDL-cholesterol, mg dL™*

LDL-cholesterol, mg dL~!

<80 80-99 100-119 120-139 140+ <80 80-99 100-119 120-139 140+

Range, mmol L™! <2.06 2.06-2.57 2.58-3.09 3.10-3.61 3.62+ <2.06 2.06~2.57 2.58-3.09 3.10-3.61 3.62+

Number of persons 4685 6918 8112 6030 5057 4103 9858 14 728 14 327 17 401

Age,year 60.1 60.6* 60.5** 60.3 59.4* 54.2 55.5*% 57.0* 58.7* 59.9*

Systolicblood pressure, 138  136* 136* 136* 136* 131 131 131 132* 133*
mmHg

Diastolic blood pressure, 81 81* 81* 81 82 76 77 77* 78* 79*
mmHg

Hypertensive medication 21 20 19** 20 20 19 19 19 20 20
use, %

Diabetes, % 9 7* 7* 8 8 4 3** 4 4 Sx*

Body massindex, kg m™2 22.6 229* 23.3* 23.7* 24.0* 229 23,0 23.4* 23.7* 24.1*

Gamma-glutamyl 56 36* 34* 33* 35 17 15* 16* 17** 19*
transferase, U L™?

Kidney dysfunction, % 11 11 13+ 14* 17* 9 8 8 8 9

Current smoker, % 59 54* 50* 48* 46* 6 5* 5* 4* 5*

Heavy drinkers, % 13.7 8.4* 6.2* 5.2* 3.8* 04 02* 0.1* 0.1* 0.1*

Lipid medication use, % 0.7 0.7 1.0 1.4 2.5 2.0 1.7 2.5 2.8 5.1*

Total cholesterol, mg dL™* 155  173* 190* 209* 240* 157 175 194* 213* 246*

HDL-cholesterol, mg dL™? 55 54* 52*% 51* 50* 57 58* 58*% 57 56*

Triglycerides, mg dL™! 180  142* 141* 145* 151* 162 131* 129* 131* 137+

Fasting (28 hafterlastmeal) 10.3 13.2* 16.5* 21.2+

27.0~ 9.7 11.8 14.9*% 17.6* 22.9*

Test for difference from the lowest category; *P < 0.01 **P < 0.03.

exclusion of persons with hypertriglyceridaemia,
2.22{1.43-3.46), P = 0,0004 for men and 1.09(0.60~
1.99), P=0.78 for women after the exclusion of
persons who used lipid lowering medication,
2.16(1.35-3.45), P=0.001 for men and 1.29(0.67-
2.46), P=0.44 for women after excluding deaths
within the first 2 years, 1.55(1.02-2.34), P = 0.04 for
men and 1.01(0.58-1.76), P = 0.97 for women, when
we used the Cox proportional hazard model with
time-dependent covariates and 1.82(1.20-2.76),
P =0.005 for men and 1.11(0.62-1.99), P= 0.72 for
women when we used proportional hazard model for
the subdistribution of competingrisks.

To examine a potential effect modification by meno-
pausal status, we conducted age-stratified analysis
(aged <50 years vs. aged 250 years) for women, be-
cause we did not have the data on menopausal sta-
tus. There was a significant age interaction although
the number of cases was only five amongst women
aged <50 years; the HR (95% CI) of coronary heart

disease mortality for 30 mgdL™! increment of
LDL-cholesterol  levels was 2.45(1.27-4.75),
P =0.009 for women aged <50 years and 1.05(0.92~
1.19), P = 0.49 for women aged 250 years (Pfor inter-
actionwas 0.004).

We confirmed the gender difference of associations
between LDL-cholesterol and mortality from coro-
nary heart disease using nonparametric analysis
(Fig. 1). The hazard ratios was linearly increased
amongst men (P for linearity was P = 0.0003), whilst
there was no linear association for women (Pfor line-
arity was 0.70). However, its graph suggested that the
mortality from coronary heart disease may start toin-
crease around 160 mg dL~! of LDL-cholesterol levels
{corresponding to 243 mg dL™! of total cholesterol
levels) amongst women.

To examine an effect of higher levels of LDL-choles-

terol on mortality from coronary heart disease, we di-
vided persons with 2140 mg dL™! into persons with
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Table 2 Gender-specific age-adjusted and multivariable hazard ratio (HR) and 95% confidence interval (95% CI) of mortality from
coronary heart disease and all-causes according to LDL-cholesterol levels

LDL-cholesterol, mg dL™*

HRper 18D
<80 80-99 100-119 120-139 140+ increment

Men

Person-years 44 532 67 098 79 049 58 858 49 213 298 750
Coronary heart disease

No 35 56 74 62 68 295

Age-adjusted HR 1.0 0.99{0.65-1.51) 1.11(0.74-1.66) 1.28(0.84-1.93) 1.78(1.18-2.67) 1.24(1.10-1.39)

Multivariable HR® 1.0 1.09(0.71-1.68) 1.29(0.85-1.95} 1.47(0.95-2.26) 2.06(1.34-3.17) 1.27(1.13-1.43)
All-causes

No 801 951 996 671 550 3969

Age-adjusted HR 1.0 0.73(0.66-0.80) 0.65(0.59-0.71) 0.60(0.54-0.67) 0.63(0.56-0.70) 0.84(0.81-0.87)

Multivariable HR® 1.0 0.78(0.71-0.86) 0.72{0.66-0.80) 0.68{0.61-0.75) 0.71(0.64-0.80) 0.88(0.85-0.91)
Women

Person-years 40539 97 681 146 571 142 469 172 472 599 731
Coronary heartdisease

No 13 40 56 47 88 244

Age-adjusted HR 1.0 1.15(0.61-2.14) 0.97(0.53-1.77) 0.74(0.40-1.37) 1.10(0.61-1.96) 1.07(0.94-1.22)

Multivariable HR? 1.0 1.29(0.69-2.43) 1.10(0.60-2.03) 0.83(0.44-1.55) 1.16(0.64-2.12) 1.06(0.93-1.21)
All-causes

No 248 539 731 751 906 3175

Age-adjusted HR 1.0 0.81(0.70-0.94) 0.67(0.58-0.77) 0.63(0.55-0.73) 0.60(0.52-0.69) 0.88(0.85-0.92)

Multivariable HR® 1.0 0.85(0.73-0.99) 0.71(0.61-0.82) 0.68(0.58-0.78) 0.64(0.55-0.73) 0.90{0.86-0.93)

Potential confounding factors: blood pressure categories, anti-hypertensive medication use, diabetes mellitus, lipid medication
use, body massindex, gamma-glutamyl transferase, smoking status, alcohol consumptions, kidney dysfunction and categories
of HDL-cholesterol and triglycerides. 18D of LDL-cholesterol was 32.5 mg dL™! (0.84 mmol L™!). ®HR (95% CI) adjusted for age

and potential confounding factors.

140-159 mg dL™!, 160-179 mg dL™! and 2180 mg
dL™? (not shown in the table). The multivariable haz-
ard ratio of mortality from coronary heart disease was
1.90(1.18-3.06), P = 0.008 (noof persons = 3130, no
of events = 40) for 140-159 mg dL™!, 2.32(1.32-
4.09), P = 0.004 (noof persons = 1316, noofevents =
20), for 160-179 mgdL™, 2.37(1.07-5.22), P=
0.03 (no of persons = 611, no of events = 8) for
2180 mg dL~! amongst men. The respective hazard
ratio was 1.04(0.55-1.97), P=0.89, (no of per-
sons = 9695, no of events = 44} for 140-159 mg
dL!, 1.19(0.60-2.36), P= 0.62, (no of persons =
4897, no of events = 25), for 160-179 mg dL™?,
1.56(0.76-3.21), P = 0.23, (no of persons = 2809, no
ofevents = 19)for>180 mg dL™! amongst women,

On the other hand, higher levels of LDL-cholesterol

were associated with reduced risk of all-cause
mortality for both men and women (Table 2). The
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multivariable HR (95% CI) of all-cause mortality for
the highest versus lowest LDL-cholesterol levels was
0.71(0.64-0.80), P < 0.0001 for men and 0.64(0.55-
0.73), P < 0.0001 for women.

We observed no interaction of fasting/nonfasting sta-
tus in the association between LDL-cholesterol and
mortality from coronary heart disease (Table 3).
When we stratified the data on the sub-population by
fasting status, the associations did not differ sub-
stantially. No statistically significant interaction of
the association between LDL-cholesterol and mortal-
ity from coronary heart disease was observed for
other potential risk factors (P > 0.20) except for gen-
der difference (Table 3).

We observed a weaker gender interaction in non-
HDL-cholesterol and total cholesterol that that in
LDL-cholesterol, although we showed significant
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Fig. 1 Multivariable hazard ratios of mortality from coro-
nary heart disease in relation to LDL-cholesterol levels
amongstmen (solid line) and women (dotted line). 80 mg dL™!
of LDL-cholesterol were selected as reference. The values of
the four knots correspond to 64.4 mg dL™!, 98.0 mg dL™?,
120.4 mg dL™! and 161.0 mg dL™’ of LDL-cholesterol levels
for men, and 78.0 mg dL™, 110.4 mg dL™*, 134.0 mg dL™’
and 175.6 mg dL™! forwomen. Smoothed histogram showed
the distribution of LDL-cholesterol levels. We did not graph
predictions from the top and bottom 1% ofthe analytical distri-
bution to avoid undue visual influence of sparse tail data. P-
values for nonlinearity was P= 0.93 for men and P= 0.23
and P-values for linearity was P= 0.0003 for men and
P=0.70.

associations for men, but not for women (Table 4).
The P for interaction was P = 0.06 for LDL-choles-
terol, P = 0.13 for non-HDL-cholesteroland P = 0.26
for total cholesterol.

Discussion

In the large population-based prospective study of
Japanese reported here, we observed, in a less obese
population, significant positive associations of high
LDL-cholesterol levels as well as non-HDL-choles-
terol and total cholesterol levels, with increased risk
of mortality from coronary heart disease for men, but
not for women, whereas the gender interaction was
more significant for LDL-cholesterol than that for to-
tal and non-HDL-cholesterol. These associations did
not alter substantially after adjustment for potential
confounding factors and after the exclusion of per-
sons with hypertriglyceridaemia or the use of time-
dependent covariates.

For this study population, the mean LDL-cholesterol
level was 111 mg dL™?! for men and 124 mg dL™* for
women at baseline, Previous studies involving partic-

ipants with higher mean LDL-cholesterol levels,
showed an association with risk of coronary heart dis-
ease for higher LDL-cholesterol ranges. For example,
the Framingham study (mean LDL-cholesterol at
baseline: 139 mg dL™! for men and 138 mg dL™! for
women) [3], the Chin-Shan Community Cardiovascu-
lar Cohort study (133 mgdL™ and 142 mgdL™!
respectively) [5] and a cholesterol lowering clinical
trial of high-risk patients (162 mg dL™?) [21} demon-
strated the relationship between higher concentra-
tions of LDL-cholesterol and increased risk of coro-
nary heart disease. The lowest LDL-cholesterol
category of these studies comprised persons with over
100 mg dL™! of LDL-cholesterol, who were classified
inthe middle and higher categories in our study.

Arecent Japanese prospective cohort study in urban
area [22] showed the relationship between higher
concentration of LDL-cholesterol and increased risk
of myocardial infarction (the means of LDL-choles-
terol was 125 mg dL™! for men and 135 mg dL™! for
women) amongst Japanese population, whose LDL-
cholesterol levels was higher than that in our study.
However, they could not show the relationship
amongst women due to small number of case in wo-
men {cases of myocardial infarction was 24).

Another previous Japanese cohort study showed a
significant association between LDL-cholesterol and
incident coronary heart disease amongst men and
women [23]. That study showed 1.68 (95% CI 0.99-
2.84) times higher multivariable hazard ratio for per-
sons with 125-150 mg dL™! of LDL-cholesterol in
comparison with persons with <102 mg dL™?,
whereas the risk was plateaued under 125 mg dL™!.
However, they did not conduct gender-specific analy-
sis, probably due to the small number of cases. Cur
findings thus extend the previous evidence applying
for the lower ranges of LDL-cholesterol.

We observed a gender difference in the associations of
LDL-cholesterol with mortality from coronary heart
disease. The possible mechanisms of the gender dif-
ference interaction are as follows. First, men develop
atherosclerosis more often than women [24], which
may lead to accelerating the atherogenic effect of
LDL-cholesterol. Secondly, there may be a gender dif-
ference in the cumulative burden from LDL-choles-
terol during atherosclerosis development due to lag
time to an increase in LDL-cholesterol levels over a
lifespan. Premenopausal women have lower total
cholesterol levels than men of the same age group
[25], which may result in a lower cumulative burden
of atherosclerosis development for women than for
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men. Our study showed a statistically significant age
interaction (<50 years vs. 250 years) amongst wo-
men, whereas the number of cases was small {only
five cases) amongst women aged <50 years. This re-
sult suggests an important role of menopause on the
gender difference. Thirdly, men were more likely to
have unhealthy lifestyles and unfavourable psycho-
social factors compared with women and these risk
factors may accelerate the effect of LDL-cholesterol
on atherosclerosis development. In the present
study, men were more likely to smoke and drink heav-
ily compared with women.

interaction

Pfor

HRper1SD
increment
320
244
295

69
470

It has remained a matter of debate in recent recom-
mendations what range is optimal for LDL-choles-
terollevels. Areview article [26] declared that the opti-
mal level of LDL-cholesterol is 50 to 70 mg dL™?,
because this range is observed amongst native hun-
ter-gathers, healthy human neonates, free-living pri-
mates or wild mammals, all without atherosclerosis.
Further, atherosclerosis progression and coronary
heart disease events were minimized amongst partic-
ipants in a cholesterol lowering trial to reduce the le-
vel to less than 70 mg dL™'. However, NCEP-ATPIII
[1,2]recommended the clinical managementand die-
tary therapy for low risk populations with 2160 mg
dL™? of LDL-cholesterol and high risk populations
with 2100 mg dL™! of LDL-cholesterol, because it
was estimated that low cholesterol populations gain
less absolute benefit from cholesterol lowering ther-
apy than do high cholesterol populations. We identi-
fied an increased risk of mortality from coronary
heart disease only in men with 2140 mg dL~! of LDL-
cholesterol amongst this low cholesterol population.
Our findings of men thus support the current
suggestions by the NCEP-ATPIII that there may be an
LDL-cholesterol threshold above 140 mg dL™! for
increased risk of coronary heartdisease.

140+
96
1.51(0.92-2.48) 1.60(0.99-2.59) 1.36(0.83-2.25) 1.99(1.22-3.23) 1.20(1.08-1.35) 0.73
61
95
29
127

50
0.95(0.59-1.52) 0.79(0.49-1.27) 0.93(0.57-1.51) 1.30(0.80-2.10) 1.10(0.95-1.27)

59
1.34(0.79-2.27) 1.73(1.06-2.84) 1.38(0.83-2.30) 1.85(1.13-3.02) 1.21(1.08-1.35) 0.61

16
1.28(0.35-4.76) 0.85(0.23-3.12) 1.20(0.34—4.25) 1.62(0.47-5.61) 1.16(0.91-1.50)

120-139
62

0.86(0.52-1.43) 0.92(0.56-1.50) 1.01(0.61-1.68) 1.25(0.76-2.07) 1.12(0.97-1.29)
93

1.18(0.82-1.70) 1.32(0.92-1.88) 1.18(0.81-1.71) 1.64(1.14-2.37) 1.19(1.08-1.31) 0.94

100-119
81
54
76
11
119

80-99
59
52
44
10
86

22

1
27

1
21

1

3

1
45

1.0

It is also a matter of debate why low LDL-cholesterol
is associated with increased risk of all-cause mortal-
ity. A previous review showed the association
between low total cholesterol levels and increased
mortality from cancer and intraparenchymal haem-
orrhage [27]. Low LDL-cholesterol may be caused by
cancer in most cases [27], but low LDL-cholesterol
per se may increase the risk of intraparenchymal
haemorrhage through the development of arteriolo-
sclerosis [28].

LDL-cholesterol, mg dL™*

<80

Multivariable HR®
Multivariable HR®

Multivariable HR*
Nonfasting(<8 h  No

Multivariable HR*
No

Multivariable HR*
No

1.0
No

No

A limitation of the current study is that we estimated
LDL-cholesterol levels by using the Friedewald
formula, which was formulated in fasting subjects
without hypertriglyceridaemia [17]. However, there

afterlast meal)
after last meal)

2118 mg dL!¢

<118 mgdL™l¢
Fasting (28 h

<54 mg dL"1®
Triglycerides

Triglycerides

2HR (95% CI) adjusted for gender, age and potential confounding factors. PHypertensive was defined as systolic blood pressure 2140 and/or diastolic blood pres-

sure 290 and/or as use of medication for hypertension. “Median value was used for cut-off point.

Table3 {Continued)

Multivariable HR?
HDL-~cholesterol
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was no change in the association between LDL-cho-
lesterol and coronary heart disease after the exclu-
sion of nonfasting subjects or persons with hypertri-
glyceridaemia at baseline, probably because the
magnitude of subjects with hypertriglyceridaemia
may be small in our cohort. Secondly, we used the
mortality data based on death certificate diagnoses,
not the incidence data. Thirdly, we did not measure
menopausal status, which may have an important
role in the mechanisms of gender difference. There
was an age interaction {aged <50 years vs. aged
250 years) amongst women, suggesting that meno-
pause may contribute to the gender difference. Final-
ly, we did not measure psychosocial factors, which
may contribute to gender-difference of association
with risk of coronary heart disease [29-31]. The resid-
ual confounding and unmeasured effect modifier
may affect the gender difference.

The strength of the present study is that we used lipid
measurement values standardized in a single labora-
tory, which in turn was standardized by the CDC-
NHLBI Lipid Standardized Program [15]. This justi-
fies our assumption that misclassification bias due to
errors in lipid measurement have been adequately re-
duced, and that the resultant accuracy lipid mea-
surements are comparable with the results of previ-
ous well-standardized studies. The other strength is
a statistical power sufficient to detect the association
between LDL-cholesterol and mortality from coro-
nary heart disease after the gender stratification. A
previous Japanese study had too small number of
cases todetect the association inwomen [22].

In conclusion, our large cohort study provides epide-
mioclogical evidence that, in a less obese population,
higher concentrations of LDL-cholesterol are associ-
ated with increased risk of mortality from coronary
heartdisease for men, but not forwomen.
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ORIGINAL ARTICLE

Relationship Between Obesity and Incident Diabetes in Middle-Aged and
Older Japanese Adults: The Ibaraki Prefectural Health Study

HiroYUKI SAsal, MS; TosHiMI SAIRENCHI, PHD; Hirovasu Iso, MD, PED, MPH; Fusiko Irig, MD, PaD;
Emiko OTAkA, PHN; Kivos1 TANAKA, PHD; HitosH1 Ota, MD, PHD; AND TaAkAsHI MuTo, MD, PHD

OBJECTIVE: To investigate the age-specific relationship between
body mass Index (BMI) and risk of diabetes In a Japanese general
population.

PARTICIPANTS AND METHODS: A cohort of lJapanese men
(N=19,926) and women (N=41,489) (aged 40-79 years) who
underwent community-based health checkups In 1993 and were
free of diabetes was followed up by annual examinatlons with
measurement of blood glucose concentratlons until the end of
2006. Incident diabetes mellitus was defined as a blood glucose
concentration of 126 mg/dL or greater under fasting conditions,
200 mg/dL or greater under nonfasting conditlons, or diabetic med-
lcatlon use at baseline. Hazard ratios (HRs) for diabetes according
to BMI were estimated using a Cox proportional hazard model. The
mode! was adjusted for possible confounding variables.

RESULTS: A total of 4429 participants (7.2%) developed diabetes
(2065 men and 2364 women) during a mean follow-up of 5.5 years.
Compared with those with a BMI of less than 25.0, the multivariate
HRs for diabetes among participants with a BMI of 30.0 or greater
were 1.40 (95% confldence Interval [Cl], 0.89-2.20) for men aged
40 to 59 years and 1.26 (95% Cl, 0.81-1.96) for men aged 60
to 79 years (P=.002 for Interaction). The HRs were 2.50 (95%
Cl, 2.01-3.11) for women aged 40 to 59 years and 1.80 (85% Cl,
1.41-2.30) for women aged 60 to 79 years (P=.04 for interaction).

CONCLUSION: The effect of obesity on the risk of dlabetes Is
greater for middie-aged than for older aduits.

Mayo Clin Proc. 2010;85(1):36-40

l BMI = body mass index; Cl = confidence interval; HR = hazard ratio

iabetes mellitus is one of the major public health prob-
lems in Western countries and in Japan as a risk fac-
tor of cardiovascular diseases.!? Many previous prospec-
tive studies have shown that obesity or being overweight is
related to the risk of diabetes mellitus.*!' The Health Pro-
fessionals’ Follow-up Study® of 51,529 US male dentists,
veterinarians, osteopaths, podiatrists, optometrists, and phar-
macists aged 40 to 75 years reported that the risk of diabetes
mellitus increased continuously with increasing body mass
index (BMI; calculated as the weight in kilograms divided
by height in meters squared) among men with a BMI of 23
or greater. The Nurses’ Health Study® of 113,861 US fe-
male nurses aged 30 to 55 years also reported similar results
among women with a BMI of 22 or greater. Because treating
long-term diabetes mellitus is costly, the best approach to
control diabetes is primary prevention. Examining the modi-
fiable risk factors for diabetes mellitus, including obesity, is
important because of its public health implications.
The relationship between obesity and diabetes mellitus
has been reported to be age-dependent. A recent meta-anal-

ysis has shown an age-dependent relationship between BMI
and the incidence of diabetes mellitus throughout the entire
Asia-Pacific region.!? However, this age-dependent relation-
ship has not been extensively studied in a large cohort of the
general population in Japan only. Clarification of this issue
may help by implementation of more effective public health
and clinical efforts aimed at primary prevention of diabetes
mellitus via weight control. The increasing prevalence of dia-
betes mellitus in all age groups in Japan highlights the need
for such data. The purpose of the current study was to in-
vestigate whether aging affects the relationship between the
degree of obesity and incident diabetes mellitus in a large
Japanese cohort.

PARTICIPANTS AND METHODS

In this prospective cohort study, we enrolled 97,079 Japa-
nese adults (33,139 men and 63,940 women) who under-
went community-based health checkups conducted by the
Ibaraki Health Service Association in 1993, These checkups
were in accordance with regulations by local governments.
Data were collected by the Ibaraki prefectural government
from local governments after depersonalizing participant
data to ensure anonymity. Data were collected regarding an-
thropometric measurements, blood pressure, blood samples,
and interview questionnaires on smoking habits, daily alco-
hol intake, and medical history. We excluded 2624 aduits
(451 men and 2173 women) with incomplete data and 5101
adults (2557 men and 2544 women) with a fasting blood
glucose concentration of 126 mg/dL or greater (to convert to
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mmol/L, multiply by 0.05551), a nonfasting blood glucose
concentration of 200 mg/dL or greater, or diabetic medica-
tion use at baseline. Moreover, we excluded 27,939 adults
(10,205 men and 17,734 women) who did not participate in
the 1994 survey, thereby ensuring that the participants were
followed up for at least 1 year. Of note, mean blood glucose
concentrations were almost identical between participants
who were and were not followed up.?

Thus, the study sample consisted of 61,415 adults (63.3%
of initially recruited participants; 19,926 men and 41,489
women). These participants were followed up by annual ex-
aminations until diabetes mellitus had been diagnosed or until
the end of 2006. Blood glucose concentrations were measured
at annual follow-up examinations. Participants who did not
undergo annual checkups during the follow-up periods were
censored on the date of their latest checkup. The protocol for
this cohort study was approved by the Ibaraki Epidemiology
Study Union Ethics Review Committee.

BaseLiNE EXAMINATIONS
Height of participants in stocking feet and weight in light
clothing were measured at baseline. With participants seated,
blood samples were drawn into 2 polyethylene terephthalate
tubes: 1 with an accelerator and | with sodium fluoride and
ethylenediaminetetraacetic acid. Overnight fasting (28 hours)
was not necessarily required. The blood glucose concentra-
tion was measured by means of a glucose oxidase electrode
method with a GA1140 device (Kyoto Daiichi Kagaku, Kyo-
to, Japan) in a single laboratory of the Ibaraki Health Service
Association, Serum total cholesterol and serum triglyceride
values were measured by means of an enzyme method with
an RX-30 device (Nihon Denshi, Tokyo, Japan). High-density
lipoprotein cholesterol values were measured in the same
laboratory by means of a phosphotungstic acid magnesium
method with an MTP-32 device (Corona Electric, Ibaraki, Ja-
pan). The laboratory participated in external standardization
and successfully met the criteria for precision accuracy for the
measurement of blood samples by the Japan Medical Associa-
tion, the Japanese Association of Medical Technologists, and
the Japan Society of Health Evaluation and Promotion.
Baseline blood pressure was measured from the right arm
of seated participants who had rested for more than 5 min-
utes, by trained observers using standard mercury sphygmo-
manometers. When systolic blood pressure was greater than
150 mm Hg or diastolic blood pressure was greater than 90
mm Hg, the second measurement was performed after sev-
eral deep breaths, and the lower values, which were almost
always observed after the second measurement, were used
for analyses. An interview was conducted to ascertain medi-
cal history, smoking status (never, ex-smoker, and current
smoker <20 cigarettes/day or 220 cigarettes/day), and alco-
hol intake (none, occasionally, or daily <66 g/d or 266 g/d).

EFFECT OF AGE AND BMI ON INCIDENT DIABETES

Enp Point DETERMINATION
The blood glucose concentration was measured by the glu-
cose oxidase electrode method with a GA1140 device in
1994-1996 and by the hexokinase/glucose-6-phosphate de-
hydrogenase method with a H7170 device (Hitachi, Tokyo,
Japan) from 1997-2006. Blood glucose concentrations de-
termined by means of the glucose oxidase electrode method
were compared with those determined by the hexokinase
method, using 237 random samples of blood drawn in 1996.
Comparability between blood glucose concentrations based
on the 2 methods was excellent. In the linearity test, the re-
gression line was Y = 1.017 x X + 0.802, in which Y is a
hexokinase method value (1ng/dL) and X is a glucose oxidase
electrode method value (mg/dL) (#=0.999). The slope coeffi-
cient of 1.017 and the intercept of 0.802 were not statistically
significantly different from 1.0 and 0, respectively. On the ba-
sis of the linearity test, calibration was performed every day.
Incident diabetes mellitus was defined as a fasting blood
glucose concentration of 126 mg/dL or greater, a nonfast-
ing blood glucose concentration of 200 mg/dL or greater,
or initiation of treatment for diabetes mellitus. Fasting was
defined as not having had a meal for at least 8 hours.

StamisTICAL ANALYSES

Participants were classified with regard to their BMI as less
than 25.0, 25.0 to 29.9, and 30.0 or greater according to the
World Health Organization classification.t Hazard ratios
(HRs) with the corresponding 95% confidence interval (CI)
for diabetes mellitus according to BMI were calculated with
reference to BMI as less than 25.0 using a Cox proportional
hazards regression model. Analyses were stratified by sex and
age groups (40-59 and 60-79 years). We applied this age cut-
point to maintain sufficient incidence data. Covariates included
age, baseline blood glucose concentration, fasting status (yes/
no), systolic blood pressure, antihypertensive medication use
(yes/no), total cholesterol, high-density lipoprotein choles-
terol, log-transformed triglyceride, lipid medication use (yes/
no), smoking status (never, ex-smoker, current <20 cigarettes/
day or >20 cigarettes/day), alcohol intake (none, occasionally,
daily <60 g/d or 260 g/d), and BMI change from baseline to the
end of the year of follow-up. The analysis was repeated with an
interaction term of age groups and sex times BMI categories.
P<.05 was regarded as statistically significant. All statistical
analyses were conducted using SAS, version 9.1 (SAS Insti-
tute, Cary, NC).

RESULTS

Of the 61,415 adults (19,926 men and 41,489 women), 4429
(2065 men and 2364 women [7.2%)]) developed diabetes
mellitus during a mean 5.5 years of follow-up (5.1 years for
men and 5.7 years for women).
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EFFECT OF AGE AND BMI ON INCIDENT DIABETES

TABLE 1. Sex-Stratifled Baseline Characteristics According to BMI Among Study Particlpants
Men (N=19,926)

‘Women (N=41,489)

BMI (kg/m?) BMI (kg/m?)
Baseline characteristic <25.0 25.0-29.9 230.0 P value <25.0 25.0-29.9 230.0 P value
No. of participants 14,474 5163 289 8812 11,443 1234
Age (y) 61.5(9.7) 59.5 (9.6) 58.0(10.1) <001 57.2(10.1y  59.0(9.3) 58.1(9.3) <.001
Fasting blood glucose (mg/dL) 99.1 (10.8) 1009 (10.8) 99.1(12.6) <.001 95.5(10.8)  99.1(10.8) 99.1(10.8) <.001
Nonfasting blood glucose (mg/dL) 1117 (25.2) 113.5(252) 1153(252) 12 1063 (19.8) 108.1(21.6) 111.7(23.4) <.001
Fasting participants (%) 15.1 14.5 14.2 .57 16.1 14.0 12.6 <001
Systolic blood pressure (mm Hg) 135.0(17.1)  138.9 (16.8) 142.6 (17.8) <.001 129.2(17.4) 136.0(16.7) 141.1(17.2) <.001
Diastolic blood pressure (mm Hg) 79.7 (10.4) 83.3 (10.4) 86.6(12.0) <001 76.2(10.2) 80.6(10.0) 84.7(10.7) <.001
Antihypertensive medication ‘
use (%) 18.6 26.4 339 <.001 14.9 27.7 40.4 <.001
Total cholesterol (mg/dL) 189.5(30.9) 201.1(30.9) 2049(34.8) <.001 204.9 (34.8) 212.7(34.8) 216.6(34.8) <.001
HDL cholesterol (mg/dL) 54.1(15.5) 46.4 (11.6) 42.5(11.6) <.001 58.0(15.5) S54.1(11.6) 50.3(11.6) <.001
Triglyceride (mg/dL) 1329(79.7) 186.0(106.3) 212.6(124.0) <.00! 124.0(70.9) 159.4 (88.6) 168.3(88.6) <.001
Lipid medication use (%) 1.1 1.6 3.1 .001 3.0 42 5.3 <.001
Smoking status (%) <.001 .002
Never 22.1 26.1 28.4 95.2 95.6 93.3
Ex-smoker 26.6 32.8 273 0.6 0.6 13
Current
<20 cigarettes/d 17.0 11.0 10.7 2.9 2.5 3.6
220 cigarettes/d 343 30.1 33.6 1.4 1.2 1.9
Alcohol intake (%) <.001 <.001
None 349 335 42.6 90.5 91.7 92.1
Occasionally 13.0 16.2 18.3 6.0 5.4 5.1
Daily
<60 g/d 464 43.7 318 34 2.8 2.5
260 g/d 5.7 6.6 73 0.1 0.1 0.3

Values are mean (SD) for continuous variables. BMI = body mass index; HDL = high-density lipoprotein. SI conversion factors; To convert blood glucose
concentrations to mmol/L, multiply by 0.05551; to convert cholesterol values to mmol/L, multiply by 0.02586; to convert triglyceride values to mmol/L,

multiply by 0.01129.

Sex-stratified baseline characteristics according to BMI
categories are shown in Table 1. Approximately 15% of partic-
ipants were in a fasting state at baseline. All covariates, except
for nonfasting blood glucose in men and percentage of fasting
male participants, were associated with BMI in both sexes.

Table 2 presents sex- and age-stratified HRs for diabe-
tes mellitus according to BMI categories. In men aged 40 to
59 years, compared with participants who had a BMI lower
than 25.0, the multivariate HR for diabetes mellitus was sig-
nificantly increased among participants who had a BMI of
25.0 to 29.9 but did not differ significantly among partici-
pants who had a BMI of 30.0 or greater. In men aged 60 to 79
years, compared with participants who had a BMI lower than
25.0, the multivariate HR for diabetes mellitus did not differ
significantly among participants in either of the other BMI
groups. The effect of BMI on risk of diabetes mellitus was
significantly greater for men aged 40 to 59 years compared
with men aged 60 to 79 years (P=.002 for interaction).

In women aged 40 to 59 years and in women aged 60 to
79 years, compared with participants who had a BMI lower
than 25.0, the multivariate HRs for diabetes mellitus were
significantly greater among participants in each of the higher
BMI groups. The effect of BMI on risk of diabetes was sig-
nificantly greater for women aged 40 to 59 years compared
with women aged 60 to 79 years (P=.04 for interaction).
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Among participants aged 60 to 79 years, the effect of
BMI on risk of diabetes was significantly greater for women
compared with men (P=.002 for interaction). Among par-
ticipants aged 40 to 59 years, the effect of BMI on risk of
diabetes did not differ significantly between women and
men (P=.15 for interaction).

DISCUSSION

The current large cohort study showed that the effect of BMI
on diabetes mellitus, of which 99% was type 2 in Japan ac-
cording to the published statistics,'* was significantly greater
among middle-aged adults than among older adults. To our
knowledge, this is the first large prospective cohort study to
show that the relationship of the degree of obesity and the
risk of diabetes mellitus is different between Japanese mid-
dle-aged and older adults. As judged by their HRs, this rela-
tionship might be more prominent in women than in men.
As we expected, a significant relationship between obesi-
ty and diabetes mellitus was observed in our cohort, This re-
lationship was consistent with previous studies in white and
Asian populations.*? Previous studies investigating the age-
specific relationship between obesity and diabetes mellitus
reported inconsistent results. Ishikawa-Takata et al® found no
age-specific relationship in Japanese male workers aged 18 to
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TABLE 2. Hazard Ratios (HRs) for Type 2 Diabetes Mellitus According to Body Mass Index (BMI) Among Study Participants,
Stratified by Sex and Age

Incidence rates

No. of Person- per 1000 Age-adjusted Multivariate
Variable participants years person-years HRs (95% CI%)  HRs® (95% CI®) Interaction analysis®
Men (N=19,926)
Age 40-59 (y)
BMI (kg/m?)
<25.0 4914 26,569 14.9 1.00 (Reference)  1.00 (Reference)
25.0-29.9 2268 11,791 25.3 1.68 (1.44-1.95)  1.42 (1.21-1.67)
230.0 147 718 29.2 1.96 (1.26-3.03) 1.40 (0.89-2.20)
Age 60-79 (y) -0.27+0.09
BMI (kg/m?) P=.002
<25.0 9560 47,223 20.5 1.00 (Reference)  1.00 (Reference)
25.0-29.9 2895 14,029 25.7 1.24 (1.10-1.40)  1.13(0.99-1.29) —0.16+0.08
>30.0 142 619 339 1.62 (1.05-2.49)  1.26 (0.81-1.96) P=.15
Women (N=41,489)
Age 40-59 (y) -0.23+0.07
BMI (kg/m?) _ P=.002
<25.0 15,878 100,461 6.3 1.00 (Reference)  1.00 (Reference)
25.0-29.9 5441 32,439 114 1.68 (147-191)  1.20(1.05-1.37)
230.0 640 3096 34.2 491 (3.99-6.03) 2.50(2.01-3.11)
Age 60-79 (y) ~ [-0.1420.07
BMI (kg/m?) | P=04
<25.0 12,934 68,069 10.2 1.00 (Reference)  1.00 (Reference)
25.0-29.9 ° 6002 30,041 15.9 1.55(1.38-1.74)  1.30 (1.15-1.47)
230.0 594 2511 30.7 2.88 (2.28-3.65)  1.80(1.41-2.30)

2 (1 = confidence interval.

b Adjusted for age, blood glucose, fasting status (yes/no), systolic blood pressure, antihypertensive medication use (yes/no), total cholesterol, high-density
lipoprotein cholesterol, log-transformed triglycerides, lipid medication use (yes/no), smoking status {never, ex-smoker, current <20 or 220 cigarettes/day),
alcohol intake (none, occasionally, daily <60 or 260 g/d), and BMI change from baseline to the end of the year follow-up.

© Multivariate regression coefficients + SE and P value for interaction.

59 years. Nagaya et al* showed that for each 1-year increment
of age, there was a 4% to 5% increased risk of developing
diabetes mellitus in men and women aged 30 to 59 years. Our
data did not corroborate the findings of these studies partly
because of differences in age range. The Asia Pacific Cohort
Studies Collaboration demonstrated age-specific relationships
between BMI and risk of diabetes mellitus, showing stronger
proportional relationships in younger age groups.'” The study
reported that, for each reduction in BMI of 2.0, there was a
319% lower risk of diabetes mellitus in those younger than 60
years and a 19% lower risk in those aged 70 years or older.
The Cardiovascular Health Study'® also revealed the effect of
age and BMI on the development of diabetes mellitus in older
adults (265 years). McNeely et al'” reported that overweight
(BMI 225.0) Japanese Americans younger than 55 years, but
not those aged 55 years or older, were at a significantly high
risk of diabetes mellitus. These data corroborate with those in
the current study. Because our study enrolled a larger sample
population with a wide age range compared with previous
studies, our results might provide stronger evidence of the ef-
fect of age on incident diabetes mellitus.

Several possible explanations exist for why an age-specific
relationship between obesity and diabetes mellitus was ob-
served. First, lower adiponectin levels in middle-aged adults
may contribute to the age-specific effect on incident diabetes

mellitus.'® Adiponectin is a novel cytokine specifically secret-
ed from fat cells and has an antidiabetic effect by suppressing
tamor necrosis factor o, activity.!” Second, effects of genetic
predisposition on differences in body weight might exist to a
greater extent among middle-aged vs older adults.” To the ex-
tent that diabetes mellitus and obesity share common genetic
risk factors, being overweight in middle-age would seem to
confer risk in itself. Third, recent work by our group showed
that leanness in the elderly, but not in middle-aged adults, was
also arisk factor for developing diabetes mellitus.? Therefore,
the relatively higher effect of obesity on diabetes mellitus in
middle-aged adults may be evident because of an attenuated
relative risk in obese elderly people. Fourth, the weaker rela-
tionship between obesity and the risk of diabetes mellitus in
older age groups might be due in part to elevated risk among
nonobese older individuals because of the effects of aging,
such as increased fat mass and reduced physical activity.

We unexpectedly observed that the effects of obesity on
incident diabetes mellitus were significantly greater in worn-
en than men. This might be accounted for by health risks
induced by decreased production of sex hormones in post-
menopausal women. However, the finding is inconsistent
with a previous study,'s which reported that relative risks for
diabetes were more prominent in older (265 years) men than
in women. Possible explanations for this discrepancy might
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be differences in ethnicity or age range of participants (aged
40-79 years vs 265 years).

The strength of the current study is that it consists of a co-
hort large enough to allow subgroup analyses. Moreover, all
blood samples were measured by the same laboratory, which
was acknowledged by a known quality control program.?
We also ascertained the incidence of diabetes mellitus pri-
marily by blood glucose concentrations, in contrast to many
previous large cohort studies that used self-administered
questionnaires,*¢

Qur study has several limitations. First, external valid-
ity for the study may not be high because participants were
community residents of a single prefecture in Japan. Second,
the follow-up rates were moderate. However, mean blood
glucose concentrations did not differ between individu-
als who were and were not followed up. Thus, the poten-
tial selection bias might have been small. Third, potential
confounding variables were present that we could not as-
sess, including fat distribution, physical activity, nutritional
status, family history of diabetes mellitus, and duration of
obesity. Physical activity is known to not substantially al-
ter the relationship between BMI and the risk of diabetes
mellitus.? Fourth, even though the age-BMI interaction was
statistically significant, the magnitude of differences showed
that clinical importance was not necessarily high, especially
in men. The HRs were 1.40 for obese men aged 40 to 59
years and 1.26 for obese men aged 60 to 79 years. How-
ever, the magnitude of differences in women may be clini-
cally important because HRs for obese women aged 40 to 59
years and obese women aged 60 to 79 years were 2.50 and
1.80, respectively. Fifth, the diagnosis of diabetes was based
on a single blood glucose measurement. Sixth, there were
approximately 1-year differences in mean follow-up times
between lean and obese participants. This was also observed
between participants aged 40 to 59 years and those aged 60
to 79 years. Thus, screening bias might modify the differ-
ences in the effects of obesity on developing diabetes mel-
litus between participants aged 40 to 59 years and those aged
60 to 79 years,

Our results provide a better understanding of the age-
specific relationship between obesity and the risk of diabetes
mellitus and should guide public health and clinical efforts
aimed at primary prevention by weight control. These results
also highlight the importance of weight control for primary
prevention of diabetes mellitus in middle-aged adults, even
though the incidence rate was higher in older adults than in
middle-aged adults.

CONCLUSION

This study shows that the effect of BMI on diabetes mellitus
is greater among middle-aged than older adults. Moreover,

we suggest that the relationship is more prominent in women
than in men.

We thank all those who participated in this study.
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