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Small Dense Low-Density Lipoproteins Cholesterol can Predict
Incident Cardiovascular Disease in an Urban Japanese Cohort:

The Suita Study
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Aime: Several lines of evidence indicate that small dense low-density lipoproteins (sd-LDL) are more
atherogenic than large buoyant LDL; however, few prospective studies have addressed the role of sd-
LDL in cardiovascular disease (CVD). We therefore examined the association between sd-LDL cho-
lesterol (sd-LDL-C) and CVD in a Japanese cohort.

Methods: An 11.7-year prospective study was performed using a general population aged 30-79 with-
out a history of cardiovascular disease. Direct LDL-C and sd-LDL-C were measured in samples from
2034 participants (968 men and 1066 women).

Results: During the follow-up period, there were 116 incident cases of CVD. The multivariable-
adjusted hazard ratios (HRs) of sd-LDL-C for CVD were calculated using a proportional hazards
regression model after adjusting for age, hypertension, diabetes, use of lipid-lowering drugs, body
mass index, and current smoking and alcohol drinking, and found that increasing quartiles of sd-
LDL-C were associated with increased risk of CVD. We also determined that age and sex-adjusted
HRs per 10 mg/dL of sd-LDL-C and HRs for CVD, stroke, cerebral infarction, and coronary artery
disease were 1.21 (95% CI: 1.12-1.31), 1.17 (95% CI: 1.05-1.30), 1.15 (95% CI: 1.00-1.33), and
1.29 (95% CI: 1.14-1.45), respectively.

Conclusions: It was demonstrated that sd-LDL-C was significantly associated with CVD in a Japa-

nese population, providing evidence of sd-LDL-C as an important biomarker to predict CVD.

J Atheroscler Thromb, 2013; 20:195-203.

Key words; Cardiovascular disease, Lipoproteins, Lipids, Risk factors, Epidemiology

Introduction

The causal relationship between high levels of
serum low-density lipoprotein cholesterol (LDL-C)
and cardiovascular disease (CVD) has been well estab-
lished in previous cohort studies’”. Recent clinical
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trials have also indicated significant event reduction
by statins in the primary and secondary prevention of
CVD®®; therefore, LDL-C is one of the most impor-
tant risk factors of CVD and many guidelines, includ-
ing ours, recommend certain target LDL-C goals for
risk management to prevent the development of CVD?.

Although we use LDL-C as the primary target
for cholesterol-lowering therapy, LDL particles are
heterogeneous with respect to size and density. Com-
pared to large, buoyant LDL, small dense LDL (sd-
LDL) particles exhibit a prolonged plasma residence
time, increased penetration into the arterial wall,
lower affinity for the LDL receptor, and increased sus-
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ceptibility to oxidation?. Thus, sd-LDL particles pos-
sess elevated atherogenic potential. Furthermore, ele-
vated concentrations of sd-LDL can be found in
patients with type 2 diabetes, metabolic syndrome,
chronic kidney disease, and familial combined hyper-
lipidemia'™!¥, all of which have been found as highly
atherogenic conditions. Although Hirano et /. showed
that sd-LDL-C is significantly higher in patients with
coronary artery disease (CAD) in a cross-sectional
study'?, no prospective study has addressed whether
sd-LDL-C can predict a risk for CVD in non-Western
populations. Recently, the Québec Cardiovascular
Study has shown prospectively that men with an ele-
vated proportion of LDL with a diameter less than 25.5
nm had a 3.6-fold increased risk of CAD compared
with men with relatively normal LDL', indicating
the strong link of sd-LDL to CVD as a biomarker of
cardiovascular disease. Due to its atherogenic proper-
ties it is useful to measure sd-LDL for risk assessment;
however, a reliable routine method is lacking.

sd-LDL has been measured by ultracentrifuga-
tion'® or gradient gel electrophoresis’”; however,
these methods are both unsuitable for routine analysis,
because each requires expensive equipment, compli-
cated techniques, and long assay times. Hirano ez 4l.
have recently developed a simple precipitation method
for sd-LDL-C quantification consisting of 2 steps:
removal of apolipoprotein B-containing sd-LDL-free
lipoproteins by precipitation with heparin and magne-
sium, followed by LDL-C measurement by the homo-
geneous method'® '?. This assay allowed us to screen
sd-LDL-C in a large cohort. Using this assay, Ai e al.
recently performed a case control study using samples
from the Framingham Offspring Study and found sig-
nificantly higher sd-LDL-C in women with CAD?%,
Koba ez 4l. also showed that sd-LDL-C is more power-
ful than LDL-C for the determination of CAD?Z;
however, these are cross-sectional studies and a pro-
spective study is required to determine whether sd-
LDL is an independent predictor of CVD. Therefore,
the aim of this study was to address the role of sd-
LDL-C for incident CVD in a large cohort study in
Japan, the Suita study.

Methods

Population

The Suita study, a cohort study on CVD of
urban residents, was established in 1989. The details
of this study have been described elsewhere??. Briefly,
6485 men and women aged 30-79 years underwent a
baseline survey at the National Cerebral and Cardio-
vascular Center between September 1989 and March

1994, and received medical examinations every 2
years. For these participants, we set the baseline of the
present study at medical examinations held between
April 1994 and February 1995, since at that time
serum samples were collected and stored at -80TC.
During this period, 2,437 participants attended the
medical examination and were followed until the end
of 2007. Of these, 403 participants were excluded due
to the following reasons: history of CAD or stroke
(7=100), lost to follow-up (n=132), and other rea-
sons such as missing data (7=165). Data from the
remaining 2,034 participants (968 men and 1,066
women) were included in the analysis. Informed con-
sent was obtained from all participants. This cohort
study was approved by the Institutional Review Board
of the National Cerebral and Cardiovascular Center.

Baseline Examination

Blood samples were collected after the partici-
pants had fasted for at least 10 hours. The samples
were centrifuged immediately. Blood pressure was mea-
sured in triplicate on the right arm after 5 min of rest
by well-trained physicians using a standard mercury
sphygmomanometer. The average of the second and
third measurements was used for analysis. At baseline
examination, subjects were classified into one of the 5
blood pressure categories based on the criteria of ESH-
ESC 2007: optimal (SBP <120 mmHg and DBP <80
mmHg), normal (SBP 120-129 mmHg or DBP 80-84
mmHg), high-normal blood pressure (SBP 130-139
mmHg or DBP 85-89 mmHg), hypertension grade 1
(SBP 140-159 mmHg or DBP 90-99 mmHg), or
hypertension grade >2 (SBP >160 mmHg or DBP
>100 mmHg). Antihypertensive drug users were clas-
sified according to their blood pressure at the baseline
survey. Diabetes was defined as fasting serum glucose
>7.0 mmol/L (126 mg/dL) or current use of medica-
tions for diabetes. Body mass index (BMI) was calcu-
lated as weight (kilograms) divided by height (meters)
squared. Well-trained health nurses obtained informa-
tion on smoking, drinking, and medical histories.

Laboratory Measurements

Serum total cholesterol, triglyceride, and HDL
cholesterol (HDL-C) were determined by standard
enzymatic methods. Serum glucose was also measured.
For the purposes of this study, we used archived plasma
samples that had been frozen at ~80C and never pre-
viously thawed for the assessment of direct LDL-C
and sd-LDL-C by homogeneous methods on a Hitachi
7180 automated analyzer (Hitachi, Tokyo, Japan)'® 1),
The kits used for these tests (LDL-C and sd-LDL-C)
were provided by Denka Seiken (Tokyo, Japan). Assays
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for direct LDL-C and sd-LDL-C were previously cali-
brated and directly compared with concentrations
obtained after isolation of LDL and sd-LDL by ultra-
centrifugation.

Endpoint Determination

As previously reported, the endpoints of the pres-
ent study were (1) date of first CAD or stroke event
(2) date of death; (3) date of leaving Suita city; and (4)
the end of December 2007. The first step in the sur-
vey for CAD and stroke involved checking the health
status of all participants by repeated clinical visits
every two years and yearly questionnaires by mail or
telephone. In the second step, in-hospital medical
records of participants who were suspected of having
CAD were reviewed by registered hospital physicians
or research physicians who were blinded to the base-
line information. The criteria for a diagnosis of CAD
included first-ever acute myocardial infarction, sudden
cardiac death within 24 h after the onset of acute ill-
ness, or coronary artery disease followed by coronary
artery bypass surgery or angioplasty. The criteria for
definite and probable MI were defined according to
the criteria of the MONICA (Monitoring Trends and
Determinants of Cardiovascular Disease) project®.
The criteria for stroke were defined according to the
US National Survey of Stroke criteria®?. Classification
of patients into stroke subtypes was based on exami-
nation of computed tomography, magnetic resonance
imaging, or autopsy.

Statistical Analysis

Continuous variables between groups were com-
pared by analysis of variance and categorical variables
were compared by a chi-square test. Triglyceride levels
were logarithmically transformed to improve the
skewed distribution. The hazard ratio (HR) for MI or
stroke was calculated using a proportional hazards
model adjusted for age, sex, hypertension (dichoto-
mous variable), diabetes, HDL-C, BMI, smoking
(never-smoked; ex-smoker; current smoker) and
drinking (never-drank; ex-drinker; regular drinker).
All confidence intervals were estimated at the 95%
level and significance was set at p<0.05. All staristical
analyses were conducted using the SAS statistical soft-
ware package (release version 8.2; SAS Institute, Cary,

NC, USA).

Results

Baseline Clinical Characteristics According to sd-
LDL-C Quartiles
To study the role of sd-LDL in the incidence of

CVD, we divided the cohort into quartiles according
to the basal level of sd-LDL-C. Table 1 shows the clin-
ical characteristics and cardiovascular risk factors of
the study population according to the quartiles of sd-
LDL-C. BMI, total cholesterol, LDL-C, and triglycer-
ide significantly increased across the sd-LDL-C quar-
tiles both in men and women, while HDL-C decreased
in both genders. A significant trend was observed
across the quartiles for the severity of high blood pres-
sure, lipid-lowering drug use, and prevalence of diabe-
tes at baseline both in men and women; however, a
significant trend for age was only found in women,
not in men.

Incidence of CVD According to sd-LDL-C Quartiles

To confirm our previous study, the association
between LDL-C and CAD was examined by dividing
the cohort into quartiles according to the baseline
LDL-C. It was found that age- and multivariable-
adjusted HRs for CAD were statistically significant
only in men, not in women or the total cohort. The
HR of the 4th quartile in men was 3.53 (95% confi-
dence intervals (Cls): 1.31-9.54) in an age-adjusted
model and 3.56 (95% Cls: 1.28-9.86) in a multivari-
able-adjusted model, consistent with our previous
report”. We then performed analysis to examine the
effect of sd-LDL-C. During the observation period,
116 cases of CVD, 53 cases of stroke, 36 cases of cere-
bral infarction, and 63 cases of CAD were reported.
As shown in Table 2, increasing quartiles of sd-LDL-
C were significantly associated with increased risks of
CVD (stroke + CAD), stroke, cerebral infarction, and
CAD after age and multivariable adjustment. Age and
sex-adjusted HRs per 10 mg/dL of sd-LDL-C for
CVD, stroke, cerebral infarction, and CAD were 1.21
(95% CI: 1.12-1.31), 1.17 (95% CI: 1.05-1.30), 1.15
(95% CI: 1.00-1.33), and 1.29 (95% CI: 1.14-1.45),
respectively. HRs after multivariable adjustment were
almost the same. When we analyzed each gender, age-
adjusted HRs per 10 mg/dL of sd-LDL-C for CVD,
stroke, cerebral infarction, and CAD were significant
in women, while those for CVD and CAD were sig-
nificant in men. HR for CAD of the fourth quartile
was almost 4 after age and multivariable adjustment in
men.
After putting LDL-C into the multivariable
adjusted-models (Model A), sd-LDL-C was still asso-
ciated with increased risk for CVD, stroke, cerebral
infarction, and CAD in the total cohort, for CVD in
men, and CVD, stroke, and cerebral infarction in
women. After further putting logarithmically trans-
formed triglyceride and HDL-C variables into Model
A (Model B), sd-LDL-C was still associated with
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Table 1. Baseline characteristics of cardiovascular risk factors according to small dense LDL cholesterol quartiles

Small dense LDL Cholesterol

p value
Q1 Q2 Q3 Q4 for Trend
Men

Number of subjects 241 243 242 242
Small dense LDL, range (mean), mg/dL 6.3-27.8 (21.1) 27.9-38.2 (32.7) 38.3-53.4 (45.3)  53.5-119.6 (67.3)
Age, year 60.9x13.1 59.7%12.5 59.1%12.3 59.4%11.3 0.421
Body mass index, kg/m? 21.5%2.5 22.4%2.8 234x24 24,027 <0.001
TC, mg/dL 170£25 18924 199£25 220%27 <0.001
HDL-C, mg/dL 60=15 57 %14 5111 48=%11 <0.001
LDL-C, mg/dL 86%20 111x21 124 %23 140£26 <0.001
Triglyceride, (median) mg/dL 66 87 112 167 <0.001
Large-LDL-C, mg/dL 6517 7821 79+22 72+24 <0.001
Sd-LDL-C/LDL-C ratio 0.25=0.05 0.31%0.07 0.38+0.08 0.50+0.11 <0.001
Blood pressure category, % 0.002

Optimal blood pressure 31 26 25 19

Normal blood pressure 30 24 19 26

High-normal blood pressure 16 30 25 29

Hypertension grade 1-3 19 26 29 28
Antilipidemic drug use, % 1 8 0.003
Diabetes, % 3 0.023
Current Smoking, % 44 41 41 44 0.021
Current Drinking, % 66 71 72 74 0.577

Women

Number of subjects 266 267 266 267
Small dense LDL, range (mean), mg/dL 7.5-23.9 (18.7) 24.0-33.0 (28.6) 33.1-44.6 (38.5)  44.7-136.6 (59.7)
Age, year 51.7x13.0 57.3£11.9 60.2+11.2 60.4%9.1 <0.001
Body mass index, kg/m? 21.0x2.5 21.8+3.2 22.5%3.1 23.2%£2.8 <0.001
TC, mg/dL 175+23 20022 21625 23432 <0.001
HDL-C, mg/dL 67+13 64+12 60£13 54%12 <0.001
LDL-C, mg/dL 83+17 109+17 13018 153%30 <0.001
Triglyceride, (median) mg/dL 61 78 97 140 <0.001
Large-LDL-C, mg/dL 64x14 81%15 92£17 93x25 <0.001
Sd-LDL-C/LDL-C ratio 0.23+0.04 0.27+0.04 0.30%0.05 0.40+0.08 <0.001
Blood pressure category, % <0.001

Optimal blood pressure 34 27 22 17

Normal blood pressure 25 24 26 25

High-normal blood pressure 16 29 20 35

Hypertension grade 1-3 16 21 31 32
Antilipidemic drug use, % 4 5 6 12 0.002
Diabetes, % 0 1 3 6 <0.001
Current Smoking, % 13 10 6 7 0.056
Current Drinking, % 34 30 22 23 0.014

TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. Large LDL-C, LDL-C-Sd-LDL-
C. Hypertension was defined as described in methods. Diabetes was defined as fasting serum glucose > 7.0mmol/L (126 mg/dL), the use of anti-
diabetic agents, or both.
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Table 2. Age- and multivariable-adjusted hazard ratios and 95% confidence intervals for the incidence of cardiovascular disease
according to small dense LDL cholesterol quartiles

Small dense LDL Cholesterol, mg/dL

Q1 (Lower) Q2 Q3 Q4 (Higher) per 10 mg/dL
Men and women, range (mean) 6.3-25.5 (19.7) 25.6-35.3 (30.5) 35.4-49.0 (41.4) 49.1-136.6 (63.9)

Person-years 5,576 5,789 5,527 5,741
Cardiovascular disease

Case 21 23 29 43

Age and sex-adjusted HR 1 0.75 (0.43-1.29) 1.11 (0.68-1.83) 1.64 (1.04-2.60) 1.21 (1.12-1.31)

Model 1-adjusted HR 1 0.81 (0.45-1.42) 1.08 (0.65-1.81) 1.60 (0.99-2.60) 1.21 (1.11-1.32)
Stroke

Case 14 13 10 16

Age and sex-adjusted HR 1 0.58 (0.30-1.14) 0.80 (0.43-1.48) 1.21 (0.69-2.12) 1.17 (1.05-1.30)

Model 1-adjusted HR 1 0.63 (0.32-1.23) 0.79 (0.41-1.50) 1.19 (0.65-2.16) 1.18 (1.04-1.33)
Cerebral infarction ‘

Case 8 10 6 12

Age and sex-adjusted HR 1 1.08 (0.45-2.57) 1.14 (0.47-2.73) 1.74 (0.77-3.90)  1.15 (1.00-1.33)

Model 1-adjusted HR 1 1.18 (0.48-2.88)  1.16 (0.46-2.89)  1.85 (0.77-4.40)  1.18 (1.00-1.39)
Coronary artery disease

Case 7 10 19 27

Age and sex-adjusted HR
Model 1-adjusted HR
Men, range (mean)

Person-years
Cardiovascular disease

Case

Age-adjusted HR

Model 1-adjusted HR
Stroke

Case

Age-adjusted HR

Model 1-adjusted HR
Cerebral infarction

Case

Age-adjusted HR

Model 1-adjusted HR
Coronary artery disease

Case

Age-adjusted HR

Model 1-adjusted HR

Women, range (mean)

Person-years
Cardiovascular disease

Case

Age-adjusted HR

Model 1-adjusted HR
Stroke

Case

Age-adjusted HR

Model 1-adjusted HR

1
1
6.3-27.8 (21.1)
2,499

19
1
1

14

5
1
1
7.5-23.9 (18.7)
3,077

1.36 (0.49-3.77)

1.44 (0.51-4.08)

27.9-38.2 (32.7)
2,615

19
1.06 (0.56-2.01)
1.17 (0.61-2.24)

13
1.03 (0.48-2.21)
1.13 (0.51-2.47)

10
1.33 (0.52-3.39)
1.43 (0.54-3.78)

6
1.24 (0.37-4.07)
1.27 (0.38-4.29)
24.0-33.0 (28.6)
3,174

12
1.01 (0.39-2.60)
1.04 (0.40-2.72)

8
0.95 (0.30-2.94)
0.98 (0.31-3.14)

2.26 (0.89-5.73)

2.17 (0.83-5.66)

38.3-53.4 (45.3)
2,519

22
1.31 (0.70-2.44)
1.36 (0.70-2.62)

10
0.87 (0.38-1.99)
0.98 (0.40-2.38)

6
0.85 (0.29-2.48)
0.90 (0.29-2.80)

12
2.48 (0.87-7.07)
2.34(0.78-6.97)
33.1-44.6 (38.5)
3,008

13
0.99 (0.39-2.50)
0.91 (0.35-2.35)

6
0.64 (0.19-2.11)
0.64 (0.18-2.19)

3.35 (1.38-8.13)

3.26 (1.29-8.20)

53.5-119.6 (67.3)
2,608

36
2.03 (1.16-3.57)
2.12 (1.16-3.86)

16
1.43 (0.69-2.97)
1.55 (0.70-3.41)

12
1.81 (0.73-4.48)
1.93 (0.70-5.29)

20

3.89 (1.45-10.42)
4.03 (1.42-11.40)

44.7-136.6 (59.7)
3,133

23
1.73 (0.74-4.06)
1.52 (0.63-3.68)

16
1.72 (0.62-4.74)
1.66 (0.58-4.76)

1.29 (1.14-1.45)
1.28 (1.13-1.46)

1.15 (1.04-1.28)

1.16 (1.04-1.30)

1.06 (0.92-1.23)
1.08 (0.92-1.28)

1.08 (0.91-1.29)
1.10 (0.90-1.36)

1.27 (1.10-1.47)

1.28 (1.09-1.50)

1.31 (1.16-1.47)

1.29 (1.13-1.48)

1.31 (1.13-1.52)
1.33 (1.12-1.59)
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(Cont Table 2)
Small dense LDL Cholesterol, mg/dL
Q1 (Lower) Q2 Q3 Q4 (Higher) per 10 mg/dL

Cerebral infarction

Case 0 7

Age-adjusted HR 1 - - - 1.31 (1.05-1.63)

Model 1-adjusted HR 1 - - - 1.37 (1.05-1.80)
Coronary artery disease

Case 2 4 7 7

Age-adjusted HR 1 1.22 (0.22-7.76) 1.90 (0.39-9.24) 1.84 (0.38-8.91) 1.32 (1.08-1.61)

Model 1-adjusted HR 1

1.27 (0.22-7.33)

1.83 (0.35-9.45) 1.54 (0.30-7.83) 1.23 (0.99-1.53)

Model 1: adjusted for age, (sex), body mass index, smoking, drinking, blood pressure category (optimal, normal, and high-normal blood pressure,

hypertension grade 1 and 2 +3), diabetes, and lipid-lowering drug user
Bold numbers: statistically significant

increased risks of CVD and stroke in the total cohort
and in women, but not in men (Table 3).

Discussion

This study clearly indicates an increased risk of
CVD, stroke, cerebral infarction, and CAD attributed
to elevated sd-LDL-C concentrations in a Japanese
population without a previous history of CVD. We
also showed that HR was significant after multivari-
able adjustment and by analysis including LDL-C,
log-transformed triglyceride, and HDL-C in the same
model. Thus, sd-LDL-C measurement with the new
test is promising as a new biomarker to predict the
risk of CVD.

In addition to traditional risk factors for CVD,
such as hypertension, diabetes, and dyslipidemia,
other biomarkers are required to better define the risk
and refine therapeutic decisions. There is scientific
evidence that sd-LDL particles are highly atherogenic
and can be a biomarker of CVD'>2%2), Our data pro-
vide additional evidence to show the role of sd-LDL-
C as a CVD risk in the general population. Further-
more, measuring sd-LDL-C with this test has an
advantage because it is more user-friendly and more
applicable than specialized tests such as gradient gel
electrophoresis, nuclear magnetic resonance, and gra-
dient ultracentrifugation.

Until now, there have been no target goals of sd-
LDL-C to prevent CAD. In this study the HR of the
4th quartile was statistically significant, suggesting
that the cutoff of sd-LDL-C is approximately 50 mg/
dL, although significance was not obtained in women
probably due to the low event rate; therefore, a larger

study should be performed to define an appropriate
cutoff for sd-LDL-C. Because statins, fibrates, and
ezetimibe have been shown to reduce the amount of
sd-LDL%»?9), a randomized control study is required
to address whether lowering sd-LDL-C to a certain
goal by these drugs can prevent the development of
CAD.

In this study we found that sd-LDL-C was sig-
nificantly associated with traditional risk factors, such

"as hypertension and diabetes. BMI and the prevalence

of diabetes increased and HDL-C decreased across the
sd-LDL-C quartiles, and more hypertensive subjects
were found in second to fourth quartiles than in the
first quartile in both genders. We also found that age-
adjusted partial correlation coefficients between sd-
LDL-C and BMI, log-transformed triglyceride, LDL-
C, and HDL-C (Pearson) were 0.305, 0.636, 0.554,
and —0.346 (p<<0.0001), respectively. Thus these data
suggest that increased concentrations of sd-LDL-C
may be associated with metabolic disorders and that
lifestyle modification, such as exercise and weight con-
trol, would be effective to reduce sd-LDL in patients
with diabetes and metabolic syndrome. Furthermore,
we should address whether sd-LDL-C can be used to
identify a very high-risk patient with type 2 diabetes,
metabolic syndrome, and other metabolic disorders.
In contrast to the association with metabolic disor-
ders, an age-related change in sd-LDL-C was found
only in women, consistent with the trend of increased
atherogenic dyslipidemia in postmenopausal women.
Ai et al. also found that postmenopausal women had
higher levels of sd-LDL-C than premenopausal women
in the Framingham Offspring Study®”.

In addition to type 2 diabetes and metabolic syn-
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Table 3. Relationship between major lipid variables and cardiovascular disease
Cardi?vascular Stroke .Cereb-ral Coror{ary artery
disase infarction disease

Men and women
Age and sex-adjusted
Multivariable-adjusted Sd-LDL-C/10 mg/dL
Model A
Sd-LDL-C/10 mg/dL
LDL-C/10 mg/dL
Model B
Sd-LDL-C/10 mg/dL
LDL-C/10 mg/dL
In_ TG
HDL-C/10 mg/dL
Men
Age-adjusted
Multivariable-adjusted Sd-LDL-C/10 mg/dL
Model A
Sd-LDL-C/10 mg/dL
LDL-C/10 mg/dL
Model B
Sd-LDL-C/10 mg/dL
LDL-C/10 mg/dL
In_ TG
HDL-C/10 mg/dL
Women
Age-adjusted
Multivariable-adjusted Sd-LDL-C/10 mg/dL
Model A
Sd-LDL-C/10 mg/dL
LDL-C/10 mg/dL
Model B
Sd-LDL-C/10 mg/dL
LDL-C/10 mg/dL
In TG
HDL-C/10 mg/dL

1.21 (1.12-1.31)
1.21 (1.11-1.32)

1.26 (1.11-1.43)
0.96 (0.89-1.04)

1.20 (1.01-1.42)
0.98 (0.90-1.06)
1.15 (0.71-1.86)
0.94 (0.81-1.08)

1.15 (1.04-1.28)
1.16 (1.04-1.30)

1.17 (1.00-1.38)
0.99 (0.89-1.09)

1.10 (0.88-1.38)
1.01 (0.90-1.13)
1.23 (0.66-2.26)
0.96 (0.80-1.14)

1.31 (1.16-1.47)
1.29 (1.13-1.48)

1.44 (1.17-1.77)
0.92 (0.81-1.04)

1.35 (1.03-1.77)
0.93 (0.81-1.07)
1.19 (0.53-2.69)
0.92 (0.72-1.19)

1.17 (1.05-1.30)
1.18 (1.04-1.33)

1.26 (1.06-1.50)
0.94 (0.85-1.04)

1.35 (1.07-1.71)
0.93 (0.83-1.03)
0.76 (0.40-1.46)
1.00 (0.84-1.20)

1.06 (0.92-1.23)
1.08 (0.92-1.28)

1.17 (0.92-1.48)
0.94 (0.82-1.08)

1.28 (0.92-1.77)
0.92 (0.78-1.07)
0.75 (0.32-1.76)
1.05 (0.85-1.28)

1.31 (1.13-1.52)
1.33 (1.12-1.59)

1.48 (1.13-1.94)
0.92 (0.79-1.08)

1.47 (1.04-2.08)
0.92 (0.78-1.09)
0.91 (0.31-2.68)
0.92 (0.67-1.26)

1.15 (1.00-1.33)
1.18 (1.00-1.39)

1.29 (1.02-1.62)
0.93 (0.81-1.06)

1.31 (0.96-1.78)
0.92 (0.80-1.07)
0.86 (0.37-1.96)
0.93 (0.73-1.18)

1.08 (0.91-1.29)
1.10 (0.90-1.36)

1.20 (0.90-1.60)
0.93 (0.79-1.09)

1.28 (0.87-1.90)
0.91 (0.76-1.10)
0.86 (0.31-2.38)
1.08 (0.94-1.40)

1.31 (1.05-1.63)
1.37 (1.05-1.80)

1.62 (1.08-2.43)
0.88 (0.69-1.11)

1.33 (0.78-2.29)
0.92 (0.72-1.19)
0.86 (0.17-4.25)
0.56 (0.31-1.00)

1.29 (1.14-1.45)
1.28 (1.13-1.46)

1.29 (1.07-1.55)
0.99 (0.88-1.11)

1.05 (0.81-1.36)
1.05 (0.93-1.19)
1.82 (0.87-3.81)
0.80 (0.61-1.04)

1.27 (1.10-1.47)
1.28 (1.09-1.50)

1.18 (0.94-1.48)
1.07 (0.93-1.24)

0.96 (0.70-1.31)
1.14 (0.97-1.33)
1.87 (0.75-4.62)
0.72 (0.50-1.03)

1.32 (1.08-1.61)
1.23 (0.99-1.53)

1.33 (0.94-1.89)
0.94 (0.75-1.16)

1.12 (0.70-1.79)
0.98 (0.78-1.24)
1.84 (0.47-7.15)
0.92 (0.60-1.41)

Multivariable adjusted for age, sex, body mass index, smoking, drinking, blood pressure category (optimal, normal, and high-normal bloodpressure,

hypertension grade 1 and 2 + 3), diabetes, and antilipidemic drug user

Model A: sd-LDL-C per 10 mg/dL and LDL-C per 10 mg/dL in the same model
Model B: sd-LDL-C per 10 mg/dL, LDL-C per 10 mg/dL, In(TG), and HDL-C per 10 mg/dL in the same model
Sd-LDL-C, small dense LDL cholesterol; In_TG, logarithmical transformed TG

Bold numbers: statistically significant

drome, sd-LDL-C is increased in familial combined
hyperlipidemia and postprandial hyperlipidemia®> 3.
Hirano e¢# al. demonstrated that sd-LDL-C deter-
mined by this simple precipitation method is useful
for screening familial combined hyperlipidemia in
large populations™. Because the prevalence of familial
combined hyperlipidemia is high in the general popu-
lation and the increase of sd-LDL particles as well as
large VLDL particles is a characteristic feature of

familial combined hyperlipidemia, this assay would be
quite useful for its diagnosis. Although sd-LDL is
decreased by lipid-lowering drugs, such as statins and
fibrates, the effect of adequate combination therapy
on sd-LDL-C has not yet been confirmed; therefore,
this assay would be also useful in determining the
therapeutic strategy for patients with a high serum
level of sd-LDL-C.

There are some limitations in our study. First, we
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used plasma stored at —80°C, and there is no guaran-
tee that we would have obtained the same results if we
had used fresh serum; however, our results are consis-
tent with those reported by Hirano ez 4/, who mea-
sured sd-LDL-C in a Japanese general population with
the same method, and comparison studies performed
in Japan indicate virtually identical results with the
use of fresh vs. frozen plasma for sd-LDL-C'. Sec-
ond, the single measurement of sd-LDL-C at the base-
line survey and the fact we did not evaluate the longi-
tudinal trend for each risk factor including lipid-low-
ering agents may have caused us to underestimate the
relationship between these conditions and CAD due
to regression dilution bias, although we statistically
adjusted for the use of lipid-lowering agents at the
baseline survey. Third, serum LDL-C was measured
by the direct homogeneous assay, which failed to meet
the National Cholesterol Education Program total
error goals for diseased individuals, although it met
these goals in non-diseased individuals®”. However,
the present study is a cohort study of community-
dwelling citizens without a history of CVD. Further-
more, the serum levels of LDL-C determined by direct
homogeneous assay are almost consistent with those
calculated by the Friedewald formula in a large Japa-
nese cohort.

Conclusions

‘In this large urban cohort study conducted in
Japan, we demonstrated that sd-LDL-C is significantly
associated with the development of CVD, providing
evidence of sd-LDL-C as an important biomarker to
predict CVD. A large intervention study is required to
determine the appropriate target level of sd-LDL-C.
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Prospective Study on Waist Circumference and Risk of
All-Cause and Cardiovascular Mortality

— Pooled Analysis of Japanese Community-Based Studies —
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Background: The aim of the present study was to clarify the association between waist circumference and all-cause
and cardiovascular disease (CVD) mortality risk in relatively lean Japanese subjects.

Methods and Results: A total of 3,554 men and 4,472 women who had no history of CVD were examined and their
waist circumference measured at baseline. The subjects were aged >40 years and were obtained from 3 prospective
cohort studies during 1988-1996. Hazard ratios for all-cause and CVD mortality were analyzed over a follow-up
period of 14.7 years using a Cox proportional hazards model and penalized spline method, after adjustment for study
cohort, age, smoking, alcohol drinking, hypertension, dyslipidemia, and diabetes. Compared with the lowest quintile,
the highest quintile of waist circumference in men was associated with a linear reduction in all-cause mortality risk
(multivariate-adjusted hazard ratio, 0.73; 95% confidence interval: 0.60-0.89; P for trend=0.001). CVD mortality risk
was increased in men aged <65 years with a higher waist circumference. This relationship was U-shaped. Waist
circumference was not associated with all-cause or CVD mortality risk in women.

Conclusions: Waist circumference was associated inversely with increased risk of all-cause death in men, but not
in women. Middle-aged men with a greater waist circumference potentially have an increased risk of CVD mortality.

ORIGINAL ARTICLE

Preventive Medicine

(Circ J 2012; 76: 2867-2874)

Key Words: Cardiovascular disease; Mortality; Prospective study; Waist circumference

subjects has confirmed that there is a U-shaped asso-

ciation between body mass index (BMI) and the risk
of death from cancer, cardiovascular disease (CVD), and other
causes.! But previous epidemiological studies in Japan sug-
gested that increased BMI was unlikely to influence mortality
risk,>* whereas a lower BMI or weight loss markedly raised
this risk.*

In contrast, it has been reported that Japanese overweight or
obese subjects have an increased risk for incident coronary heart
disease or ischemic stroke.>¢ The Hisayama study in Japan
documented that increased BMI was associated with an in-
creased risk of stroke in women, but not in men.” An enhanced
risk for incident CVD and stroke associated with increased
waist circumference was also found only in women in the Suita
study.® Taken together, these findings indicate that overweight

Recently, a prospective study in more than 1 million Asian

or obesity has an impact on incident CVD in Japanese men
and women, except for stroke in men.

A large European prospective study documented that ab-
dominal obesity, as indexed by waist circumference, had a J-
shaped association with mortality risk.” That study showed that
overweight or obesity, assessed by BMI or waist circumference,
was associated closely with increased risk of CVD mortality
in Caucasian subjects. Compared with indices of adiposity, a
waist circumference signifying central obesity was a stronger
marker for predicting CVD mortality than BML!'® A recent
meta-analysis in Caucasian subjects found increased all-cause
and CVD mortality risks for elderly people (65-74 years old)
with an increased waist circumference across BMI categories
and for underweight elderly people.!! The association of waist
circumference levels with CVD mortality risk, however, re-
mains to be determined in Japanese adults. Therefore, to better
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Tahle 1. Subject Characteristics
Cohorts

Tanno/Sobetsu Suita Hisayama
Baseline year 1994 1991-1996 1988
n 1,525 4,135 2,366
Follow-up period (years) 1.3 14.2 17.9
No. deaths 226 792 693
No. CVD deaths 71 174 202
Age (years) 62.1x9.7 59.4+10.9 56.5+£10.4
Male (%) 40.7 43.2 46.2
WC (cm) 79.0£9.6 81.3+0.1 81.7+9.2
BMI (kg/m?) 23.5+3.1 22.6+3.0 23.0+3.1
SBP (mmHg) 136.9+20.4 126.6+20.5 132.3220.6
DBP (mmHg) 79.0+9.8 76.6x11.4 779114
Hypertension (%) 47.7 31.3 40.0
Dyslipidemia (%) 41.8 54.1 60.8
Diabetes (%) 6.5 4.3 9.0
Current smoker (%) 251 26.4 254
Regular alcohol drinker (%) 17.3 59.8 229

Data given as mean+SD, n or %.

BMI, body mass index; CVD, cardiovascular disease; DBP, diastolic blood pressure; SBP, systolic blood pressure;

WC, waist circumference.

understand the association of abdominal obesity with all-cause
and CVD mortality risk, we conducted a 14.7-year prospective
study in the general Japanese population.

Methods

Subjects

The subjects consisted of the participants, aged between 40 and
90 years, of 3 large Japanese epidemiological studies: the Tanno
and Sobetsu study (n=1,627), the Suita study (n=4,278), and
the Hisayama study (n=2,487). We selected 3,554 men and
4,472 women from these studies who had no history of isch-
emic heart disease (IHD) or stroke and who had their waist
circumference measured at baseline.

Briefly, subjects in the Tanno and Sobetsu study were re-
cruited from annual health check-ups carried out in 1994 in
the towns of Hokkaido Island, located in the northern part of
Japan.'? The Suita study, which was performed in an urban area
of Japan (Osaka), also enrolled individuals for regular health
check-ups between 1991 and 1996.8 The Hisayama study, which
was conducted in a suburban town located in Kyushu Island
in the southern part of Japan, was established in 1961 for all
residents 240 years of age, and we used the third cohort, which
was established in 1988.13 Details of recruitment and the pro-
cedures for all studies have been described elsewhere.31213

Measurements

All blood samples were collected from the cubital vein under
fasting conditions (28h since the last meal). Trained techni-
cians measured blood pressure using a standard mercury sphyg-
momanometer, after the subjects had rested for at least Smin
in the sitting position. Waist circumference was measured at
the point of the umbilicus level in the standing position. BMI
(kg/m?) was calculated as weight divided by the square of the
height in meters. High-density lipoprotein cholesterol (HDL-
C) and triglycerides were measured using conventional meth-
ods. Low-density lipoprotein cholesterol (LDL-C) was calcu-
lated using Friedewald’s formula when the triglyceride level

was <4.5mmol/L.1*

Each subject completed a self-administered questionnaire at
baseline to assess medical history including current medica-
tions, smoking habits, and alcohol consumption. Hypertension
was defined as a systolic blood pressure 2140 mmHg, diastolic
blood pressure 290 mmHg, or the use of antihypertensive agents.
Diabetes was defined as a fasting blood glucose 27.0 mmol/L,
or the use of anti-diabetic agents. Dyslipidemia was defined as
either LDL-C 3.6 mmol/L, HDL-C <1.0 mmol/L, triglycer-
ides =1.7mmol/L, or the use of anti-lipemic agents.

Until 1995, the underlying cause of death was determined
based on death certificates coded according to the criteria of the
International Classification of Diseases, ninth revision (ICD-
9). From 1995, the codes were translated into the correspond-
ing ICD-10 codes. Deaths from IHD and stroke were defined
as 410-414 and 430-438 (ICD-9); and I20-25 and I60-69 (ICD-
10), respectively. IHD and stroke were combined as CVD in
the analyses.

Statistical Analysis

The mean duration of follow-up was 14.7 years, during which
time there were 1,711 all-cause deaths, including 447 CVD
deaths. The person-years studied were calculated as the period
from baseline to either the first endpoint (death or emigration)
or 31 December 2008.

Sex-specific hazard ratios and 95% confidence intervals (Cls)
of all-cause and CVD deaths were calculated using Cox’s re-
gression models with data grouped according to waist circum-
ference quintile by sex. The first quintile served as the refer-
ence. Model 1 was adjusted for age (continuous) and the study
cohort using 2 dummy variables, whereas model 2 was adjusted
further for smoking status (current smoker, ex-smoker, or never
smoker) and alcohol consumption (regular drinker, ex-drinker,
or never drinker). Model 3 was adjusted for the variables in
model 2 plus hypertension, diabetes, and dyslipidemia (yes or
no). The penalized spline (P-spline) method was used in the
Cox regression models'® to examine non-linear dose-response
relationships between waist circumference and the hazard ra-
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Tahle 2. CVD Risk Factors vs. WC

WC quintile
Q1 (low) Q2 Q3 Q4 Q5 (high)
Men

n 688 781 723 632 730
WC (cm) 58.0-75.8 76.0-81.0 81.5-85.0 85.5-89.5 90.0-112.0
Median WC (cm) 72.0 79.0 84.0 87.0 93.0
Age (years) 61.6+£11.4 58.8+11.1 58.6+10.8 59.0+10.3 59.6+10.4
BMI (kg/m?) 19.5+1.7 21.7+1.6 23.1+£1.5 24.2+2.0 26.4+3.0
SBP (mmHg) 126.4+21.1 128.3+20.1 130.9+19.0 133.8+20.3 136.2+20.0
DBP (mmHg) 74.9+10.9 77.3£10.7 79.8+10.1 80.7+10.6 83.2+11.3
Hypertension (%) 29.9 34.3 34.0 42.4 51.4
Dyslipidemia (%) 33.7 46.5 57.5 64.9 66.0
Diabetes (%) 6.1 6.7 7.5 8.5 10.6
Smoking status (%)

Current smoker 58.5 51.4 42.2 45.1 40.9

Ex-smoker 24.6 28.0 31.8 33.0 35.8

Never smoker 16.9 20.6 26.1 22.0 23.3
Alcohol consumption (%)

Regular drinker 60.7 72.5 69.4 68.6 69.6

Ex-drinker 5.5 4.8 5.0 5.6 4.4

Never drinker 33.8 22.7 25.7 25.8 26.0

Women

n 875 986 817 891 903
WC (cm) 53.0~70.4 71.0-76.0 76.5-81.5 82.0-87.5 88.0-120.0
Median WC (cm) 67.0 74.0 79.0 84.0 92.0
Age (years) 55.9x11.5 57.4+10.8 58.5+10.5 59.7+10.2 61.91£10.2
BMI, kg/m? 20.0£2.0 21.4+2.0 22.7+2.1 23.9+2.3 26.3+2.9
SBP (mmHg) 122.7+20.5 126.7+20.9 129.5+20.9 132.7221.0 136.4+20.5
DBP (mmHg) 73.6+10.7 76.0+10.6 77.6+11.3 79.0+10.7 81.0£10.7
Hypertension (%) 23.5 29.7 34.3 40.7 51.2
Dyslipidemia (%) 35.0 474 53.0 64.3 70.0
Diabetes (%) 2.5 2.6 3.9 4.9 9.3
Smoking status, %

Current smoker 10.1 7.9 7.2 8.3 9.1

Ex-smoker 2.3 1.8 25 2.8 4.0

Never smoker 87.6 90.3 0.4 88.9 86.9
Alcohol consumption (%)

Regular drinker 22.5 20.4 19.8 20.7 16.6

Ex-drinker 1.8 1.3 1.1 1.4 1.8

Never drinker 75.7 78.2 791 77.9 81.6

Data given as mean=SD, n or (%).
Abbreviations as in Table 1.

tios for all-cause and CVD deaths. The degrees of freedom
in the P-spline terms were selected automatically, based on
Akaike’s information criteria. The P-spline function provided
the linear and non-linear components in the model. The P-
values for the non-linear trends were therefore determined by
the significance of the non-linear P-spline term. Although the
general spline curve may be influenced by a skewed distribu-
tion and the number of knots specified, these factors had little
influence on the curves in our method, with these being more
accurate up to the 99* percentile of the distribution (ie, waist
circumference of 103¢m in men and 104 cm in women).'* In
the Cox regression models, the linear trends were examined
using continuous waist circumference data. The statistical tests
were 2-sided, with P<0.05 being regarded as statistically sig-
nificant. S-Plus version 8.1J (TIBCO Software, Palo Alto, CA,

Circuiation Journzl

USA), was used for statistical analysis.

Resulis

Table 1 lists the characteristics of each cohort in the study.
Mean follow-up was 11.3 years in the Tanno and Sobetsu study,
14.2 years in the Suita study, and 17.9 years in the Hisayama
study. There were 1,711 all-cause deaths during the follow-up
period in the 3 cohorts combined. Mean waist circumference
in the cohorts ranged from 79.0 to 81.7 cm.

Table 2 lists the means and percentages of the cardiovascu-
lar risk factors at baseline, grouped according to sex-specific
waist circumference quintile. Waist circumference was associ-
ated positively with systolic and diastolic blood pressure, hy-
pertension, dyslipidemia, and diabetes. Men with a small waist

Vol.78. December 2012

— 312 —



2870 SAITO I et al.
Table 3. Muitivariate HRs for All-Cause and CVD Mortality vs. WC
Quintile of WC P for trend
Q1 (low) Q2 Q3 Q4 Q5 (high) Linear Non-linear
Men
Person-years 9,284 11,288 10,501 9,108 10,223
All-cause
No. deaths 279 218 181 177 187
Model 1 1.00 (Ref) 0.75(0.63-0.90) 0.68 (0.56-0.82) 0.79 (0.66-0.96) 0.72 (0.59-0.86)  <0.001 0.087
Model 2 1.00 (Ref.) 0.78(0.65-0.93) 0.73(0.60-0.88) 0.84 (0.69-1.01) 0.77 (0.64-0.93) 0.005 0.091
Model 3 1.00 (Ref.) 0.76(0.63-0.91) 0.72(0.59-0.87) 0.81 (0.66-0.98) 0.73 (0.60-0.89) 0.001 0.11
CVD
No. deaths 57 52 47 31 45
Model 1 1.00 (Ref.)  0.91(0.62-1.33) 0.91(0.61-1.34) 0.71(0.46-1.10) 0.90 (0.60-1.33) 0.29 0.12
Model 2 1.00 (Ref.)  0.96 (0.65-1.40) 0.99 (0.67-1.48) 0.74 (0.47-1.15) 0.97 (0.65-1.45) 0.49 0.13
Model 3 1.00 (Ref.)  0.92 (0.63-1.36) 0.95(0.64-1.42) 0.67 (0.43-1.06) 0.87 (0.57-1.32) 0.22 0.16
Women
Person-years 12,863 14,834 12,294 13,749 14,040
All-cause
No. deaths 116 115 123 134 181
Model 1 1.00 (Ref.) 0.76 (0.59-0.98) 0.86 (0.67-1.12) 0.75(0.59-0.97) 0.83 (0.65-1.05) 0.29 0.029
Model 2 1.00 (Ref.) 0.79(0.61-1.02) 0.91(0.70-1.18) 0.76 (0.59-0.98) 0.84 (0.66-1.07) 0.27 0.060
Model 3 1.00 (Ref.)  0.81(0.62-1.05) 0.94 (0.73-1.22) 0.80(0.62-1.03) 0.86 (0.67-1.10) 0.36 0.16
CVD
No. deaths 38 29 38 46 64
Model 1 1.00 (Ref.)  0.61(0.37-0.98) 0.83 (0.53-1.30) 0.81 (0.53-1.25) 0.91 (0.61-1.36) 0.73 0.29
Model 2 1.00 (Ref.) 0.63(0.39-1.02) 0.88(0.56-1.38) 0.83(0.54-1.27) 0.91 (0.61-1.37) 0.84 0.35
Model 3 1.00 (Ref.) 0.64(0.39-1.03) 0.90(0.57-1.43) 0.85(0.54-1.32) 0.90 (0.59-1.38) 0.90 0.43

Non-linear trend P was computed using the p-spline terms in the Cox regression models, with adjustment for the covariates in models 1, 2 and
3. Model 1 was adjusted for age and community. Model 2 was adjusted further for smoking and alcohol drinking. Model 3 was adjusted for the

variables in model 2 plus hypertension, dyslipidemia, and diabetes.
HR, hazard ratio. Other abbreviations as in Table 1.

circumference were more likely to be current smokers and less
likely to be regular alcohol drinkers. The Pearson’s correlation
coefficient between waist circumference and BMI was 0.85
(P<0.001) in men and 0.74 (P<0.001) in women.

Table 3 lists the sex-specific hazard ratios for all-cause and
CVD deaths, grouped according to the sex-specific quintile of
waist circumference. We tested the association using 3 models
adjusting for age and the study cohort (model 1); model 1 plus
smoking status, and alcohol consumption (model 2); and the
variables in model 2 plus hypertension, diabetes, and dyslip-
idemia (model 3). Non-linear trends were tested using the P-
spline function, and P-spline curves drawn based on model 3
(Figure 1). In men, the hazard ratios for all-cause death were
significantly lower in the second to fifth quintile range of waist
circumference compared with the first quintile, and showed a
significant inverse linear trend in all the models. The hazard
ratio of the highest quintile of waist circumference in model 3
was 0.73 (95% CI: 0.60-0.89). The inverse linear association
between hazard ratio and waist circumference remained sig-
nificant after adjustment for confounders in Model 3 (P for
trend=0.001), whereas the non-linear dose-response relation-
ship between hazard ratio and waist circumference was not
significant in either model (Figure 1A). For CVD deaths, al-
though the fourth quintile of waist circumference had the low-
est hazard ratio, the ratios changed very little with level of waist
circumference in the 3 models, with non-significant linear and
non-linear trends (Figure 1B).

In women, the hazard ratios for all-cause death in the sec-
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ond and fourth quintiles of waist circumference were signifi-
cantly decreased in model 1. The non-linear relationship in
model 1 was also statistically significant (P for trend=0.029).
In models 2 and 3, however, these associations were attenu-
ated after further adjustment for conventional CVD risk factors
(Figure 1C), with waist circumference showing no linear or
non-linear association with CVD mortality risk (Figure 1D).

In addition, we analyzed all-cause mortality risk stratified
by the presence or absence of hypertension, diabetes, or dys-
lipidemia in men (Table S1). Inverse linear associations were
found in individuals with hypertension and individuals with-
out dyslipidemia or diabetes, but we did not find any adverse
effects of greater waist circumference regardless of these com-
mon diseases in the present analysis.

The muitivariate-adjusted hazard ratios for all-cause and CVD
mortality in men stratified by age (<65 years and 265 years)
are given in Table 4. Figure 2 shows the P-spline fitting curves
of the hazard ratios. The lowest hazard ratio for CVD was seen
in the fourth quintile of waist circumference in men aged <65
years. Although there was no longer a linear association be-
tween waist circumference and CVD mortality, the non-linear
association was significant (P for non-linear trend <0.001) and
the spline curve was U-shaped (Figure 2C). Using the lowest
risk group (fourth quintile) as the reference group, the hazard
ratio of the fifth quintile was increased significantly (hazard
ratio=2.45; 95% CI. 1.08-5.57). In contrast, waist circumfer-
ence had a linear association with decreased risk of all-cause

_mortality in men >65 years. The spline curves in women are
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P-spline fitting curves (from Cox regression models) of hazard ratios {blue lines) and 95% confidence intervals (orange
lines) for (A,C) all-cause and (B,D) cardiovascular disease (CVD) deaths vs. waist circumference in (A,B) men and (C,D) women.
(A) Men, all-cause death (non-linear trend, P=0.11); (B) men, CVD death (P=0.16); (C) women, all-cause death (P=0.16); (D)
women, CVD death (P=0.43). The hazard ratios were adjusted for age, study community, smoking habits, alcohol consumption,
hypertension, hyperlipidemia, and diabetes mellitus. Actual waist circumference used in the present analysis is marked on x-axis.

Tahle 4. Multivariate-Adjusted HRs for All-Cause and CVD Mortality in Men vs. WC

Quintile of WC P for trend
Q1 (low) Q2 Q3 Q4 Q5 (high) Linear Non-linear
<65 years
Person-years 6,013 8,267 7,570 6,756 7,496
All-cause
No. deaths 82 81 76 72 72
HR 1.00 (Ref.) 0.86(0.63-1.17) 0.90 (0.65-1.24) 0.86 (0.62-1.19) 0.82 (0.59-1.15) 0.36 0.089
CvD
No. deaths 15 26 17 8 21
HR 1.00 (Ref.) 1.61(0.84-3.09) 1.18(0.58-2.43) 0.53(0.22-1.27) 1.30 (0.64-2.64) 0.99 <0.001
=265 years
Person-years 3,271 3,021 2,932 2,352 2,727
All-cause
No. deaths 197 137 105 105 115
HR 1.00 (Ref.)  0.72 (0.57-0.90) 0.63 (0.49-0.80) 0.81(0.63—1.03) 0.71 (0.55-0.90) 0.003 0.1
CVD
No. deaths 42 26 30 23 24
HR 1.00 (Ref.)  0.66 (0.40-1.08) 0.91 (0.55-1.48) 0.85(0.50-1.47) 0.74 (0.43-1.26) 0.23 0.31

The hazard ratios were adjusted for study cohort, age, smoking, alcoho! drinking, hypertension, dyslipidemia, and diabetes. Non-linear trend P
was computed using the p-spline terms in the Cox regression model adjusted for the same variables.
Abbreviations as in Tables 1,3.
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Figure 2. P-spline fitting curves (from Cox regression models) of hazard ratios (blue lines) and 95% confidence intervals (crange
lines) for (A,B) all-cause and (C,D) cardiovascular disease (CVD) deaths vs. waist circumference in men (A,C) <65 years and
(B,D) 265 years of age. (A) All-cause death, age <65 years (non-linear trend, P=0.089); (B) all-cause death, age =65 years
(P=0.11); (C) CVD death, age <65 years (P<0.001); (D) CVD death, age =65 years (P=0.31). The hazard ratios were adjusted for
age, study community, smoking habits, alcohol consumption, hypertension, hyperlipidemia, and diabetes mellitus. Actual waist
circumference used in the present analysis is marked on x-axis.

Waist circumference (cm)

shown in Figure S1.

Figure 3 shows the dose-response curves between BMI and
hazard ratios for all-cause and CVD deaths according to gen-
der. In comparison with the curves for waist circumference in
Figure 1, the non-linear trend was significant for all-cause and
CVD deaths in women, but not in men. Hazard ratios for all-
cause and CVD deaths were increased moderately in obese
women, although the 95% CIs became wider. When tested for
linear trends, BMI levels were associated inversely with all-
cause mortality risk (P for trend <0.001).

The analyses were repeated after excluding data from the
first 5 years of follow-up (Table S2). We confirmed that all
the associations were similar, with the non-linear association
between waist circumference and CVD mortality in men be-
coming significant.

Discussion

This 14.7-year follow-up prospective study has shown that
waist circumference is inversely associated with increased risk
of all-cause death in men. We also showed that the non-linear
dose-response relationship between waist circumference and
CVD mortality risk is significant only in men aged <65 years.
P-spline analysis, however, showed that the relationship be-
tween waist circumference and CVD mortality risk in middle-
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aged men was U-shaped, and that CVD mortality risk was
increased only in the highest quintile of waist circumference
(290 cm). In contrast, increased waist circumference did not
influence all-cause or CVD mortality risk in elderly men, where-
as a small waist circumference increased this risk.

Despite the close relationship between greater waist circum-
ference and aggregation of CVD risk factors,!¢ abdominal obe-
sity did not increase mortality risk. Although we examined this
association using 3 regression models that included confound-
ing factors such as smoking, alcohol drinking, and common
diseases such as hypertension, the pattern of decreased risk for
mortality did not change. Similar findings were seen in a pre-
vious Japanese study on the association between weight change
and mortality risk.* Considering the results of the present study
as well as previous studies, the effect of obesity or weight gain
on death appears to be considerably smaller in Japanese than
Caucasian subjects. In contrast, recent large Japanese prospec-
tive studies demonstrated that overweight or obesity assessed
using BMI raised the risk of incident stroke only in women,?
and that of incident coronary heart disease only in men.!” An-
other meta-analysis in Japan also found that increased BMI was
associated with a higher risk of incident stroke in both men
and women, but a higher risk of coronary heart disease only in
men.® The results of these epidemiological studies suggest that
obesity has a much different effect on CVD incidence than on
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Figure 3. P-spline fitting curves (from Cox regression models) of hazard ratios (blue lines) and 95% confidence intervals (orange
lines) for (A,C) all-cause and (B,D) cardiovascular disease (CVD) deaths vs. body mass index (BMI) in (A,B) men and (C,D)
women. (A) Men, all-cause death (non-linear trend P=0.17); (B) men, CVD death (P=0.079); (C) women, all-cause death (P=0.026);
(D) women, CVD death (P=0.046). The hazard ratios were adjusted for age, study community, smoking habits, alcohol consump-
tion, hypertension, hyperlipidemia, and diabetes mellitus. Actual BMI used in the present analysis is marked on the x-axis.
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CVD mortality.

Although it is not clear why the present findings are differ-
ent from those in Western countries, this may be explained in
part by the prevalence of obesity in the population. The prev-
alence of obesity (BMI >30kg/m?) in the present study was
1.2% in men and 2.3% in women, lower than the approximate
30% prevalence reported in US adults.!® Furthermore, based
on vital statistics, the leading cause of death in Japan is cancer,
being responsible for one-third of all deaths. The lower preva-
lence of obesity in Japan may reduce the effect of obesity on
all-cause mortality risk. Furthermore, a previous Japanese pro-
spective study showed that overweight subjects with metabolic
syndrome did not have elevated CVD mortality compared with
non-overweight subjects who had 22 other conventional CVD
risk factors. %20

Waist circumference had a non-linear association with CVD
mortality risk in middle-aged men, with this association being
U-shaped.!® When compared with the fourth quintile, risk was
increased at a waist circumference greater than approximately
90 cm, which corresponded to the upper 20% of the entire dis-
tribution. In contrast, abdominal obesity was not associated with
greater mortality risk in older men. Although this discrepancy
is consistent with the findings of a previous US study,? the
explanation for the effect of aging on the relationship between
obesity and mortality is not clear. We believe that older men
who had a small waist circumference tended to lose weight due

to nutrient deficiency, heavy smoking, or worsening diabetes.

In this study, we found similar non-linear dose-response re-
lationships between all-cause mortality risk and BMI, which
correlated strongly with waist circumference. But we did not
determine which parameter was better for predicting cardio-
vascular endpoints. As mentioned in the UK survey, a new
study on this issue is required in Japanese adults.!?

To the best of our knowledge, this is the first report to show
an association between abdominal obesity and mortality risk
in a large Japanese population-based study with long-term fol-
low-up. The Tanno and Sobetsu study,'??? the Suita study,>***
and the Hisayama study? are epidemiological studies that have
been conducted for decades under high quality control, but
several limitations should be noted. First, although we con-
firmed that the associations remained unaltered after exclud-
ing the first 5 years of follow-up data to eliminate the influ-
ence of latent disease at baseline, the results do not prove the
existence of a cause and effect relationship. The increased risk
of mortality was considered to be due to the consequence of
ill-bealth related to weight loss and low body weight.26 Al-
though the present study demonstrated that the effect of in-
creased waist circumference on mortality was comparable re-
gardless of the presence or absence of hypertension, dyslipidemia,
or diabetes, ill-health associated with low body weight was not
fully controlled. Second, we did not assess the physical activ-
ity of the subjects, which may have confounded the associa-
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tion between obesity and mortality risk.2”?% Third, increased
waist circumference may have a different effect on disease onset
than on mortality risk, and the present study evaluated only
mortality risk. Future studies on the effect of waist circumfer-
ence on the incidence of CVD are therefore needed to address
this issue.$

In conclusion, waist circumference was associated inverse-
ly with increased risk of all-cause death in men, but not in
women. Although a non-linear statistical approach showed in-
creased risk of CVD mortality with larger waist circumference
in middle-aged men, a smaller waist circumference was gener-

ally associated with an increased risk of mortality in the gen--

eral Japanese population. Similar findings have been reported
in previous studies that measured BMI rather than waist cir-
cumference.
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Impact of lower range of prehypertension on
cardiovascular events in a general population:
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Objectives: The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC7) defined blood
pressure (BP) levels of 120-139/80-89 mmHg as
prehypertension. The objective of the present analysis was
to examine the impact of prehypertension and its
population-attributable fraction for development of
cardiovascular events in a general Japanese population.

Methods: Two thousand, six hundred and thirty-four
residents of the town of Hisayama aged at least 40 years
without cardiovascular disease were followed up for

19 years. BP categories were defined using JNC7, and
prehypertension was divided into the lower (120-129/80~
84 mmHg) and higher ranges (130-139/85-89 mmHg).
During the follow-up period, 449 participants developed
cardiovascular disease (305 strokes and 187 coronary heart
diseases).

Results: The frequencies of normal BP, prehypertension,
and stages 1 and 2 hypertension were 24.9, 37.7, 23.8,
and 13.6%, respectively. The age and sex-adjusted
incidence of cardiovascular disease rose progressively with
elevation of BP levels (P< 0.001 for trend). The risks of
cardiovascular disease in lower and higher ranges of
prehypertension were 58% [95% confidence interval (Cl)
11-126%] and 70% (95% Cl 18-144%) higher than
normal BP even after controlling for other cardiovascular
risk factors. The population-attributable fraction of
prehypertension was 13.2%, which was similar to those of
stages 1 and 2 hypertension.

Conclusions: The risks of cardiovascular disease increased
significantly from the lower range of prehypertension in a
general Japanese population. Approximately one-third of
excess cardiovascular events attributable to elevated BP
levels were estimated to occur among individuals with
prehypertension.

Keywords: blood pressure, cardiovascular disease,
population-attributable fraction, prehypertension,
prevention, prospective cohort studies, stroke

Abbreviations: BP, blood pressure; Cl, confidence
interval; CVD, cardiovascular disease; ECG,
electrocardiogram; eGFR, estimated glomerular filtration
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rate; HDL, high-density lipoprotein; JNC7, the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure; PAF, population-attributable fraction

INTRODUCTION

T he Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC7) defined the
blood pressure (BP) levels of 120-139/80-89 mmHg as
prehypertension based on the evidence of a modest
increase in cardiovascular risk among individuals with such
BP levels [1]. However, current evidence of increased risks
of cardiovascular disease (CVD) associated with prehyper-
tension has mainly been reported for its higher range (130—
139/85-89 mmHg) [2,3], and it is still unclear about the
cardiovascular risks among individuals with the lower range
of prehypertension (120-129/80—84 mmHg), particularly in
the Japanese. Because the prevalence of prehypertension
has been reported to be as high as 31-43% [4~6], a large
portion of the burden of CVD is likely attributable to pre-
hypertension. Although a number of large-scale observatio-
nal studies have shown population-attributable fractions
(PAFs) of this BP category for premature deaths or deaths
due to cardiovascular causes [7,8], uncertainty remains sur-
rounding the frequency of ‘fatal and nonfatal’ cardiovascular
events attributable to prehypertension.

The Hisayama Study has demonstrated that the inci-
dence rates of stroke significantly increased from BP levels
of 140/90 mmHg among participants recruited in 1961 [5].
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However, the effects of BP on the risks of stroke and
coronary heart disease might have changed since then
because of the substantial changes in lifestyle and the
improved awareness, treatment, and control of hyperten-
sion [9]. The objective of the present new analysis from the
Hisayama Study is to investigate the influence of BP on
cardiovascular events among participants recruited in 1988
and to estimate population-attributable risks of prehyper-
tension (lower and higher ranges) and hypertension for
incident CVD in a general Japanese population.

METHODS
Study population

The Hisayama Study is a population-based prospective
cohort study of CVD established in 1961 in the town of
Hisayama, a suburb of the Fukuoka metropolitan area in
Kyushu Island of Japan. Based on data from the national
census, the age and occupational distributions in Hisayama
have been almost identical to those in Japan since the 1960s
[10]. In 1988, a total of 2742 residents aged at least 40 years
consented to participate in the screening examination
(participation rate 80.9%). After the exclusion of 106 resi-
dents with a history of stroke or coronary heart disease and
two residents who died before the start of follow-up, the
remaining 2634 residents (1107 men and 1527 women)
were enrolled in this study. The study design and charac-
teristics of this cohort population have been described in
detail elsewhere [11-13].

Follow-up survey

The participants were followed up prospectively for
19 years, from December 1988 to November 2007, by
annual health examinations. The health status of any indi-
vidual who did not undergo a regular examination or who
moved out of town was checked yearly by mail or tele-
phone. We also established a daily monitoring system
among the study team, local physicians, and members of
the town’s Health and Welfare Office. Using this system, we
gathered information on new events of CVD, including
suspected cases. When stroke or coronary heart disease
occurred or was suspected, physicians in the study team
examined the individual and evaluated his/her detailed
clinical information. The clinical diagnosis of stroke or
coronary heart disease was based on the patient’s history,
physical and neurological examinations, and ancillary
laboratory examinations. Furthermore, when a patient
died, an autopsy was performed at the Departments of
Pathology of Kyushu University. During the follow-up
period, there was no true loss to follow-up, and 842 patients
died, of whom 605 (71.9%) underwent autopsy.

Blood pressure measurements and classification
At the baseline examination, BP was measured three times
using a standard mercury sphygmomanometer in the sitting
position after rest for at least 5 min. Appropriately-sized
cuffs were used for BP assessment. Korotkoff phase 5 was
taken as the diastolic BP unless the sound persisted at 0, in
which case Korotkoff phase 4 was recorded. The mean of
the three measurements was used for the analysis. BP levels
were classified into four categories according to JNC7:

894 www.jhypertension.com

normal BP (<120/80 mmHg), prehypertension (120-139/
80--89mmHg), stage 1 hypertension (140-159/90~
99mmHg), and stage 2 hypertension (>160/100 mmHg)
[1]. Prehypertension was divided into two subcategories:
lower (120-129/80-84 mmHg) and higher (130-139/85~
89 mmHg) BP ranges. If systolic and diastolic BP readings
for a participant were in different categories, that partici-
pant was categorized into the higher of the two BP
categories. Antihypertensive drug users were classified
according to BP levels at baseline.

Other risk factor measurement

At baseline, each participant completed a self-administered
questionnaire covering medical history, treatment for hy-
pertension and diabetes, smoking habits, alcohol intake,
and exercise. Smoking habits and alcohol intake were
classified into currently habitual or not. The participants
engaging in sports or other forms of exertion at least three
times a week during their lejsure time made up a regular
exercise group. Body height and weight were measured in
light clothing without shoes, and the body mass index (kg/
m?) was calculated. Electrocardiogram (ECG) abnormalities
were defined as left-ventricular hypertrophy (Minnesota
code 3-1), ST depression (4-1, 2, 3), or atrial fibrillation
(8-3).

Serum total and high-density lipoprotein (HDL) choles-
terol levels were determined enzymatically. Hypercholes-
terolemia was defined as total cholesterol at least 5.7 mmol/
1. Blood glucose levels were measured by the glucose
oxidase method. Diabetes was determined by medical
history, plasma glucose levels (fasting glucose level
>7.0mmol/] or postprandial glucose level >11.1 mmol/D,
or a 75-g oral glucose tolerance test using the 1998 World
Health Organization criteria [14]. Serum creatinine was
measured by the noncompensated Jaffé method. The Jaffé
method value was converted to an enzymatic method value
by using the following equation [15]:

Serum creatinine (enzymatic method [mg/dl})
= 0.9754
x serum creatinine (Jaffé method [mg/dl])
- 0.2802.
Estimated glomerular filtration rate (eGFR) was calcu-
lated using the isotope dilution mass spectrometry-
traceable 4-variable Modification of Diet in Renal Disease

(IDMS-MDRD) Study equation modified with the Japanese
correction {16]:

eGFR (ml/min per 1.73 m?)
=194
X serum creatinine (enzymatic method) ™%

x age™ %7 x 0.742 (if women).

Chronic kidney disease was defined as proteinuria
(+ or more using the test paper method) or eGFR below
60 ml/min per 1.73m? according to the National Kidney
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