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 Table 3 - Adjusted HR for
1995 Japanese men

Q (lwest)

Q2

Q3

type 2 diabetes mellitus according to Qﬁinﬁléé'of GI,GL, total energy intake, and total fiber iﬁt_akewir‘i‘;‘

Q5 (highes)

Q4
GI
n 402 396 401 402 394
Total person-years . 1786 1778 1766 1796 1862
Incident cases (n) 18 28 24 29 34
Rate per 1000 person-years 10.1 15.7 13.6 16.1 18.3

Adjusted HR (95% CI) model 1

Adjusted HR (95% CI) model 2

Adjusted HR (95% CI) model 3
GL

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.62 (0.89-2.93)
1.68 (0.92-3.04)
1.71 (0.94-3.10)

n 400 401

Total person-years 1733 1735

Incident cases (n) 23 26

Rate per 1000 person-years 13.3 15.0

Adjusted HR (95% CI) model 1 1.00 (reference) 1.07 (0.61-1.88)

Adjusted HR (95% CI) model 2 1.00 (reference) 1.14 (0.65-2.02)

Adjusted HR (95% CI) model 3 1.00 (reference) 1.16 (0.66-2.06)
Total energy intake (range, kcal/d) (<1703) (1703-1971)

n 399 399

Total person-years 1790 1776

Incident cases (n) 24 24

Rate per 1000 person-years 134 14.6

Adjusted HR (95% CI) model 1 1.00 (reference) 1.13 (0.65-1.96)

Adjusted HR (95% CI) model 2 1.00 {reference) 1.10 (0.63-1.92)

Adjusted HR (95% CI) model 3 1.00 (reference) 1.12 (0.64-1.97)
Total fiber intake (range, g/1000 kcal) (<3.7) (3.8-4.5)

n 400 450

Total person-years 1938 2016

Incident cases (n) 35 26

Rate per 1000 person-years 18.1 129

Adjusted HR (95% CI) model 1
Adjusted HR (95% CI) model 2
Adjusted HR (95% CI) model 3

1.00 (reference)
1.00 (reference)
1.00 (reference)

0.73 (0.44-1.22)
0.73 (0.44-1.23)
0.72 (0.43-1.21)

1.50 (0.81-2.77)
1.56 (0.84-2.89)
1.66 (0.89-3.10)

398
1739

34

19.5

1.48 (0.87-2.52)
1.54 (0.89-2.65)
1.56 (0.89-2.71)
(1972-2246)
399

1748

32

183

1.49 (0.88-2.54)
1.44 (0.84-2.48)
1.45 (0.84-2.49)
(4.6-5.2)

391

1781

17

9.5

0.56 (0.31-1.01)
0.59 (0.32-1.05)
0.59 (0.33-1.06)

1.68 (0.93-3.03)
1.73 (0.96-3.13)
1.86 (1.01-3.44)

400
1856

23

124

0.95 (0.53-1.70)
1.07 (0.58-1.96)
1.07 (0.57-1.99)
(2247-2641)
399

1758

24

142

1.11 (0.63-1.95)
1.06 (0.60-1.87)
1.07 (0.60-1.91)
(5.3-6.0)

370

1590

23

14.5

0.80 (0.47-1.35)
0.83 (0.48-1.43)
0.84 (0.49-1.45)

1.80 (1.01-3.18)
1.88 (1.06-3.35)
1.96 (1.04-3.67)

396

1924

27

14.0

0.98 (0.56-1.72)
1.23 (0.67-2.28)
1.24 (0.65-2.34)
(>2641)

399

1917

26

13.6

1.00 (0.57-1.74)
0.97 (0.55-1.71)
0.97 (0.55-1.72)
(>6.0)

384

1663

32

19.2

0.99 (0.61-1.60)
0.98 (0.59-1.64)
0.99 (0.59-1.66)

Model 1: adjusted for age and BMI; model 2: adjusted for age, BMI, family history of diabetes, smoking, alcohol intake, habitual exercise, and
presence of hypertension and hyperlipidemia at baseline; model 3: adjusted for variables used in model 2 and dietary total energy (for the GI, GL,

and total fiber intake) and dietary total fiber intake (for the GI, GL, and total energy intake). Cl indicates confidence interva

those previously reported in Japan [10,14] and higher than
the values (range, 48-60) reported in us and European studies
[15-19]. Furthermore, both obese and lean Asians who have
lower B-cell function are at high risk for developing type 2
diabetes mellitus [4-6]. Our study indicates that the high
prevalence of type 2 diabetes mellitus in Asian populations
may be explained by high-GI diets in people with lower B-cell
function. Thus, an evaluation of the risk of type 2 diabetes
mellitus in Asian people must consider lifestyle and food
intake as well as genetic background.

Individuals at high risk for diabetes are encouraged to
increase their dietary fiber intake and to eat foods containing
whole grains [41]. The consumption of such foods is associ-
ated with decreased dietary GI. However, the use of GI is
recommended as an additional method for management of
diabetes in an American Diabetes Association position state-
ment [41] and a recommendation of the American Dietetic
Association [42] because the effects of lower-GI diets on glu-
cose metabolism were conflicting [42]. In our study, total fiber
intake was not associated with the incidence of diabetes.
Furthermore, a higher GI was associated with a higher risk
for diabetes, despite a lower total energy intake; and there

was no association between total energy intake and the inci-
dence of diabetes. The appropriate energy intake of each
person is important for maintaining body weight and pre-
venting obesity and diabetes. However, appropriate energy
intake is influenced by many factors, including body compo-
sition and physical activity. It is difficult to evaluate the asso-
ciation between total energy intake itself with diabetes;
and indices of the quality of food intake such as GI, rather
than the quantity of food intake, would be more useful for
a population approach.

The strengths of this study include a large sample
size, foods contributing to the dietary GI that differed from
those in US and European populations, and the fact thatit was
the first study of the relationship between Gl and the incidence
of diabetes conducted in Japanese men. Moreover, several
previous cohort studies used information collected from self-
administered questionnaires, whereas our conclusions are
based on more reliable data obtained from medical exami-
nations and fasting blood glucose and insulin levels, HOMA-IR,
and HOMA-B. In addition, GI and GL were calculated using
responses to a validated questionnaire [11]. A limitation of the
present study is that the sample included only people who
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:Table 4- lnc1dence and ad]usted HRs for type 2 dlabetes melhtus accordmg to GI temles of BMI HOMA-!R and HOMA Bi in

1995 Japanese men.

- GI temles (range)

P for :
- — ST - trend®
T1 (<68.0): T2 (68.0-71.0) i T3 (>71.1) . :
BMI (kg/m?)
<22.0
Incident cases n/N 3/203 11/227 15/206
Crude rate per 1000 person-years 3.2 104 15.1
Multivariate-adjusted HR (95% CI) 1.00 (reference) 4.09 (1.13-14.9) 5.78 (1.63-20.5) .005
22.0-24.9
Incident cases n/N 14/278 14/257 18/272
Crude rate per 1000 person-years 115 124 14.4
Multivariate-adjusted HR (95% ClI) 1.00 (reference) 1.10 (0.52-2.34) 1.20 (0.59-2.44) .608
>225.0
Incident cases n/N 19/196 20/169 19/187
Crude rate per 1000 person-years 219 28.8 225
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.41 (0.75-2.66) 1.11 (0.58-2.11) 719
HOMA-IR tertiles
<0.85
Incident cases n/N 4/217 8/207 16/219
Crude rate per 1000 person-years 4.1 8.5 15.4
Multivariate-adjusted HR (95% CI) 1.00 (reference) 2.07 (0.61-6.95) 3.67 (1.21-11.2) .015
0.85-1.43
Incident cases n/N 10/222 9/232 21/240
Crude rate per 1000 person-years 10.2 8.6 18.6
Multivariate-adjusted HR (95% CI) 1.00 (reference) 0.78 (0.31-1.94) 1.58 (0.73-3.41) 221
>1.44
Incident cases n/N 22/238 28/214 15/206
Crude rate per 1000 person-years 20.5 314 16.3
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.73 (0.98-3.05) 0.83 (0.43-1.62) 472
HOMA-B tertiles
<48.4
Incident cases n/N 16/227 23/230 31/226
Crude rate per 1000 person-years 16.1 23.0 30.0
Multivariate-adjusted HR (95% CI) 1.00 {reference) 1.64 (0.86-3.13) 1.86 (1.01-3.44) .049
48.4-79.3
Incident cases n/N 10/218 11/205 12/224
Crude rate per 1000 person-years 10.3 11.8 11.5
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.34 (0.56-3.20) 1.26 (0.53-3.00) .600
279.4
Incident cases n/N 10/232 11/218 9/215
Crude rate per 1000 person-years 9.4 116 8.9
Multivariate-adjusted HR (95% CI) 1.00 (reference) 1.39 (0.58-3.31) 0.93 (0.37-2.34) 922

? Adjusted for age, BMI, family history of diabetes, smoking, alcohol intake, habitual exercise, and presence of hypertension and hyperlipidemia

at baseline.

! “"Li‘qeariregressiondwas sed for continuou

were employed. Poor health may exclude some individuals
from working; thus, the prevalence of obesity may be lower in
our sample than in the general Japanese population. Another
limitation is that we did not measure waist circumference at
baseline, which might have provided more information about
abdominal fat accumulation and insulin resistance than
measuring BMI did. A further limitation of the present study
is that we did not determine whether the diabetes mellitus
that developed was type 1 or type 2. However, the study
participants were middle-aged men; and as the condition was
detected in an annual medical checkup, with relatively mild
diabetes mellitus being found, it is most likely that the cases
were type 2.

In conclusion, our results indicate that dietary GI is
associated with the incidence of diabetes in middle-aged

es containing | 1e for each Gl tertile

Japanese men. Dietary GI and pancreatic B-cell function were
independently associated with the incidence of diabetes.
Dietary GI is higher and pancreatic B-cell function is lower in
Asian people, as compared with Western people; and these
may result in a higher prevalence of diabetes in Asian popu-
lations. Our findings suggest that a low-GI diet may be beneficial
in preventing type 2 diabetes mellitus in Asian people.

Supplementary materials related to this article can be
found online at doi:10.1016/j.metabol.2011.05.015.
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Fig. 1 - Adjusted HRs for type 2 diabetes mellitus by different
levels of GI and BMI (A), HOMA-IR (B), and HOMA-B (C) in 1995
Japanese men. The HRs were adjusted for age, BMI, family
history of diabetes, smoking, alcohol intake, habitual
exercise, and presence of hypertension and hyperlipidemia
at baseline.
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Sex-Specific Threshold Levels of Plasma B-Type Natriuretic
Peptide for Prediction of Cardiovascular Event Risk in a Japanese
Population Initially Free of Cardiovascular Disease

Motoyuki Nakamura, MD**, Fumitaka Tanaka, MD*, Tomohiro Takahashi, MD*,
Shinji Makita, MD®, Takenori Ishisone, MD*, Masayuki Onodera, MD®, Yasuhiro Ishibashi, MD?,
Kazuyoshi Itai, PhDP, Toshiyuki Onoda, MD, PhD", Masaki Ohsawa, MD, PhD",

Kozo Tanno, MD, PhD®, Kiyomi Sakata, MD, PhD®, Omama Shinichi, MD¥,
Kuniaki Ogasawara, MD¢, Akira Ogawa, MD®, Toru Kuribayashi, PhD¢, and
Akira Okayama, MD, PhD®

Elevated plasma B-type natriuretic peptide (BNP) levels have been reported to be related
to a high risk for cardiovascular (CV) disease in the general population. However, there has
been no accurate determination of the threshold levels of plasma BNP that indicate an
increased potential for the development of general CV events (i.e., heart failure, stroke, and
myocardial infarction) and the validity of these levels for predicting CV events compared
to classic risk markers. To establish gender-specific thresholds of plasma BNP levels
associated with increased risk for CV disease in the general population, baseline BNP levels
were determined in community-dwelling adults (n = 13,209, mean age 62 =+ 10 years,) and
CV events in the cohort were captured prospectively. The cohort was divided by deciles of
plasma BNP level in each gender. A Cox proportional-hazards model was used to deter-
mine the relative hazard ratios among the deciles. In addition, to compare the utility of
plasma BNP to the Framingham 10-year risk score for predicting general CV events,
receiver-operating characteristic analysis was performed. During follow-up, CV events
were identified in 429 patients in the cohort. Compared to the reference decile level (first
to fourth), the hazard ratio was significantly increased from the ninth decile in men (greater
than approximately 37 pg/ml) and the highest decile in women (greater than approximately
55 pg/ml). The area under the curve generated on receiver-operating characteristic analysis of
plasma BNP testing was comparable to that for the Framingham risk scoring system (0.67 vs
0.68 in men, 0.63 vs 0.68 in women; p = NS for both). In conclusion, within a community-based
general population with no CV history, plasma BNP levels higher than defined thresholds show
increased risk for general CV events, and the predictive ability for CV events occurring within

several years may be comparable to that of an established long-standing risk score. © 2011
Elsevier Inc. All rights reserved. (Am J Cardiol 2011;108:1564-1569)

In the present study, we measured plasma B-type natri-
uretic peptide (BNP) in a large-scale population-based sam-
ple of >13,000 men and women. This cohort was followed
prospectively for >5 years to ascertain the incidence of
cardiovascular (CV) events, including heart failure, stroke,
and myocardial infarction. To determine gender-specific
threshold levels of plasma BNP. the relation between
plasma BNP deciles and risk for CV events was determined.
In addition, to validate plasma BNP testing for the predic-
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tion of general CV events, its predictive ability was com-
pared to an established CV risk scoring system.

Methods

This study is part of the Iwate-KENCO study, a population-
based prospective cohort study to investigate heath status and CV
risks in Japanese residents living in the Iwate prefecture, northeast
Honsyu, Japan. Details about this cohort are provided else-
where.! In brief, the original cohort (n = 26,469) was
recruited from April 2002 and January 2005 in 3 districts
(Ninohe, Kuji, and Miyako in the Iwate prefecture). The
baseline survey included routine anthropometric measure-
ments, blood pressure measurement, electrocardiography,
routine laboratory assessment, and a self-administered life-
style questionnaire. This study protocol was approved by
our institutional ethics committee. All participants gave
written informed consent.

Of the original cohort living in the Ninohe and Kuji
districts (n = 15,927), 15,394 subjects (96.6%) agreed to
provide additional blood samples for the measurement of

www.ajconline.org
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plasma BNP levels, and these are designated as the BNP
cohort in the present study. Subjects were excluded from
this cohort on the basis of the following characteristics:
age <40 years (n = 575) or >80 years (n = 330), serum
creatinine level =2.0 mg/dl (n = 10), and missing data for
blood pressure (n = 3), anthropometrics (n = 47), and/or
routine blood tests (n = 4). The final statistical analysis was
therefore performed on 13,209 subjects (4,365 men, 8,844
women; mean age 62.1 years).

A follow-up survey assessing mortality, migration, and
the incidence of CV events was carried out after the baseline
study. We defined CV events as stroke, congestive heart
failure, and myocardial infarction requiring hospitalization.
Hospital admissions for congestive heart failure and myo-
cardial infarction in the cohort were identified by accessing
data from the Northern Iwate Heart Disease Registry Con-
sortium, which has been collecting data since 2002. Heart
failure was defined by Framingham criteria,” and registra-
tion of myocardial infarction was based on criteria used in
the Monitoring Trends and Determinants in Cardiovascular
Disease (MONICA) study.® Stroke events were identified
by accessing the prefecture stroke registration program con-
ducted by the Iwate Medical Association. Stroke diagnostic
criteria in this registry are based on those published by the
World Health Organization and defined as the sudden onset
of neurologic symptoms.* To ensure that nearly all appro-
priate cases had been identified, researchers in each regis-
tration study periodically retrieved and reviewed medical
charts and/or discharge summaries for patients admitted to
the cardiology, neurology, neurosurgery, and internal med-
icine wards of all hospitals located within the study district.

In the baseline survey, all participants underwent routine
anthropometric measurements, electrocardiography, blood
pressure measurements, and laboratory assessments. In ad-
dition, a self-administered questionnaire was used to ascer-
tain lifestyle factors such as smoking habits and medical
history, including stroke, congestive heart failure, and myo-
cardial infarction. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in
meters. Systolic and diastolic blood pressure were deter-
mined with an automatic device with the subject in a sitting
position for =5 minutes before measurement. Measurement
was performed twice, with the mean value used for statis-
tical analysis. Hypertension was defined as systolic blood
pressure =140 mm Hg and/or diastolic blood pressure =90
mm Hg and/or current antihypertensive therapy. Diabetes
was defined as a nonfasting glucose concentration =200
mg/dl, and/or a glycosylated hemoglobin value =6.5%,
and/or current antidiabetic therapy. Hypercholesterolemia
was defined as total cholesterol level =240 mg/dl and/or
current lipid-lowering therapy. Enzymatic methods were
used to measure serum total cholesterol levels, serum cre-
atinine, and blood glucose. Glycosylated hemoglobin was
measured quantitatively using high-performance liquid
chromatography. Smoking was defined as current smoking.
Estimated glomerular filtration rate was calculated using an
eq’uation (estimated glomerular filtration rate [ml/min/1.73
m?] = 194 X serum creatinine” "% X age ~*?*) from the
Modification of Diet in Renal Disease (MDRD) study for
the Japanese population.” The 10-year risk for general CV
disease was calculated using the Framingham 10-year risk
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Table 1

Baseline characteristics according to plasma B-type natriuretic peptide deciles in men

Variable

D10

D8

D7

D6

D5

DI-D4

Total

436
76.5 (63.4-116.7)

436
414 (37.5-46.5)

436
28.3 (26.5~-30.5)

434
21.3(19.8-22.8)

441

163 (15.3-17.5)

441
12.3(11.4-13.2)

1,741

4,365
14.2 (6.3-28.3)

633 9.8
239 %29

Number

5(2.1-7.6)

BNP (pg/ml)

Age (years)

69.7 £ 6.2
23.7 +3.0

68.1 =74
235 *+29

67.6 =72
23.6+28

237 %29

65.8 = 8.1

+ 8.4

M
w o

629 = 9.0
240 =30

583 =100
241 %29

BMI (kg/m?)
Hypertension

45.6% 49.8% 56.6% 57.6%

46.5%
11.6%
30.2%

41.0%
8.2%
33.1%
9.1%

773 = 15.1

35.1%

9.8%
39.1%
14.5%

80.0 * 15.3

43.8%

9.2%
27.1%

8.9%
28.0%

10.1%
31.7%

9.0%
32.7%

9.6%
33.9%
10.5%

772 =153

Diabetes mellitus
Smoker

5.7%
713 £133

7.6%
75.8 = 15.2

7.1% 8.5%
74.8 = 14.7

76.5 = 15.0

9.3%
76.4 = 15.6

Hypercholesterolemia

eGFR (ml/min/1.73 m?)

35.3%
15.1 £ 4.1

32.8%
149 £ 42

27.5%
148 = 4.1

26.0%
145 = 4.1

25.9%
145+ 43

21.8%
137 £ 43

15.8%

23.3%
13.8 44

Antihypertensive drugs

Framingham risk score

Data are expressed as median (interquartile range), as mean * SD, or as percentages.

decile; eGFR = estimated glomerular filtration rate.
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Table 2

Baseline characteristics according to plasma B-type natriuretic peptide deciles in women

D10

D6 D7 D8

D5
880
15.0(14.1-15.9)

D1-D4

3,539
7.3(3.8-10.4)

Total

8,844

16.9 (8.8-29.8)
61.6 9.7

Variable

885
66.1 (55.1-88.0)

885
40.4 (37.1-43.8)

893
23.5¢(

880
18.7 (17.8-19.7)

Number

29.8 (28.0-31.9)

2-25.0

+9.0
24,1+ 34

ol
o1

oy

BNP (pg/ml)

Age (years)

65.3 x83 68.7 % 7.2

643 =87

609 = 9.6

60.7 =94

58.1 £ 9.5

o

+1

o1

i
[}

+t

240 £33

40 =34

240+ 33

-
+l
o

+H
[}

o

BMI (kg/m?)
Hypertension

43.8% 43.2% 47.2% 59.0%
6.2%
2.0%
19.7%

36.0%

35.1%

29.5%

38.2%

=
(]

5.2%

4.8% 5.0%

5.3% 4.7%

5.4%

Diabetes mellitus
Smoker

0.8%
17.2%

69.5 = 14.8

1.9%
21.2%
74.7 * 14.1

2.5%
18.9%
76 =139

1.7%
18.0%

76.5 = 14.8

3.5%
23.3%

78.6 * 149

2.5%
20.3%

75.8 £ 15.0

Hypercholesterolemia

The American Journal of Cardiology (www.ajconline.org)

73.2 = 14.7

eGFR (mi/min/1.73 m?)

41.2%
143 £40

29.9%

27.4%
12.6 x 4.4

28.4%

21.5%
1.7 %45

22.8%
11.2+45

16.8%
10.8 * 4.6

23.8%
119 £ 46

Antihypertensive drugs

+44

13.1

v
+i

i

Framingham risk score

Data are expressed as median (interquartile range), as mean * SD, or as percentages.

decile; eGFR = estimated glomerular filtration rate.
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Figure 1. Crude incidence of CV events per 1.000 person-years among
baseline plasma BNP deciles in men (closed bars) and women (open bars).

score, including age, gender-specific cholesterol, high-
density lipoprotein cholesterol, systolic blood pressure, di-
abetes, and cigarette smoking.6

Blood samples for routine laboratory testing were drawn
from the antecubital vein with the subject in a sitting posi-
tion. While blood samples were being collected into vac-
uum tubes, an additional 2-ml sample of venous blood was
collected into a test tube containing ethylenediaminetet-
raacetic acid sodium. Tubes were stored immediately after
sampling in an icebox and were transported to the labora-
tory <8 hours after collection. They were then centrifuged
at 1,500¢ for 10 minutes. After separation, the plasma sam-
ples were stored frozen at —20°C until the time of assay.
Plasma BNP levels were measured by direct radioimmuno-
assay using monoclonal antibodies specific for human BNP
(Shionogi, Osaka, Japan) <4 months after blood sampling.
Cross-reactivity of the antibodies was 100% for human
BNP and 0.001% for human atrial natriuretic peptide. Intra-
and interassay coefficients of variation were 5% and 6%,
respectively. The lower detection limit of the assay was 0.05
pg/ml.

Continuous variables are expressed as mean * SD. The
cohort was divided into deciles according to baseline plasma
BNP levels. To compare baseline data among the BNP de-
ciles, I-way analysis of variance and chi-square tests were
used as appropriate. Differences in clinical characteristics
between men and women were tested using unpaired Stu-
dent’s ¢ test or Mann-Whitney U tests. We defined the end
point as general CV events (i.e., a composite of stroke, heart
failure, and myocardial infarction). The association between
baseline plasma BNP levels and the end point was evaluated
using a Cox proportional-hazards regression model. The
gender-specific hazard ratios (HR) for each BNP decile’s
end point were assessed. In this multivariate regression
model, adjustments were made in the analysis for age, BMI,
diabetes, hypertension, hypercholesterolemia, atrial fibrilla-
tion, estimated glomerular filtration rate, and current smok-
ing. For analyses of CV incidence, person-years were cen-
sored at the date of CV events, the date of emigration from
the study area, the date of death, or the end of the follow-up
period, whichever came first. To compare the predictive
abilities of plasma BNP testing to the Framingham 10-year
risk scoring system, receiver-operating-characteristic curves
were constructed. The area under the curve (AUC) and 95%
confidence interval (CI) for each ROC curve were calcu-
lated to provide a measure of the overall diagnostic accu-
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Figure 2. Multivariate-adjusted HRs and 95% Cls for risk for CV events according to plasma BNP decile in men (left) and women (right).

racy of the test. The follow-up survey for congestive heart
failure, stroke, and myocardial infarction was carried out after the
baseline study through to March 2009. Migrations were con-
firmed by official resident registration data issued by the local
government offices (October 2009). All statistical analyses were
performed using SPSS version 11.0.1J (SPSS, Inc., Chicago, Illi-
nois). A significant difference was defined as p <0.05.

Results

Mean ages were 63.3 = 9.8 years in men and 61.6 = 9.7
years in women (Tables 1 and 2). The number of women
was approximately twice the number of men. Plasma BNP
levels and BMI were higher in women than in men (median
BNP 16.9 vs 14.2 pg/ml, p <0.001; mean BMI 24.2 = 34
vs 23.9 * 2.9 kg/m”, p <0.001). The prevalence of hyper-
tension (44% vs 38%), atrial fibrillation (2.9% vs 0.6%),
diabetes (9.6% vs 5.4%), and current smoking (33.9% vs
2.5%) was higher in men. The incidence of hypercholester-
olemia was higher in women (10.5% vs 20.3%). The ad-
ministration rates for hypertensive drugs was 23.3% in men
and 23.8% in women (p = 0.232). The mean Framingham
risk score in men was higher than that in women (13.8 = 4.4
vs 11.9 = 4.6).

During the mean follow-up period of 5.8 years, 430 CV
events (215 in men, 215 in women) were recorded. When
the lowest 4 (first to fourth) plasma BNP deciles were set to
the reference, the crude incidence of CV events per 1,000
person-years increased with deciles in both genders (Figure 1).
As shown in Figure 2, after adjustment for potential con-
founding factors in the Cox regression model, the relative
HR for CV events increased according to deciles (p for
trend <0.01 in men, p for trend <0.001 in women). Com-
pared to the reference, the HR was significantly elevated in the
ninth (HR 2.06, 95% CI 1.30 to 3.27) and tenth (HR 3.15, 95%
CI 2.03 to 4.88) deciles in men and in the tenth decile only in
women (HR 1.68, 95% CI 1.13 to 2.50). The thresholds for
increased CV risk were greater than approximately 37 pg/ml in
men and greater than approximately 55 pg/ml in women.

The overall power for predicting general CV events was
comparable between plasma BNP level and Framingham
risk score. The areas under the curve for plasma BNP were

0.669 (95% CI 0.629 to 0.710) in men and 0.634 (95% CI
0.593 to0 0.676) in women. The areas under the curve did not
differ significantly from those for the Framingham risk
score (men 0.676, 95% CI 0.640 to 0.712; women 0.681,
95% C1 0.649 to 0.713).

Discussion

The present study has demonstrated that in the general
population with no CV history or renal dysfunction, plasma
BNP levels signaling increased CV risk are greater than the
80th percentile in men and the 90th percentile in women.
The predictive ability of plasma BNP testing for general CV
events is similar to that of the established total CV risk
scoring system. The present study has therefore shown for
the first time that increased plasma BNP levels higher than
these gender-specific thresholds are a simple and useful
marker for elevated risk for CV events in a community-
based middle-aged and elderly population.

Several previously published studies have shown a sig-
nificant association between plasma BNP and N-terminal
pro-BNP (NT-ProBNP) levels and CV events in the general
population.””'" The Framingham study conventionally

applied a single cutoff point (the 80th percentile) to examine

the association between “high” BNP levels and CV events.’
Linssen et al'” recently reported that in a selected population
mainly with urinary albumin excretion >10 mg/L, multivariate
HRs for the risk for all-cause mortality increased gradually
with increasing levels of plasma NT-proBNP, with no clear
cut-off level in both genders. However, no studies have ex-
plored the threshold levels of BNP that indicate an increased
risk for the future development of CV events.

Several studies have shown that median plasma BNP and
NT-proBNP levels are higher in women,'*'? although the
incidence of CV events in the general population is usually
lower in women than in men. This suggests that a gender-
stratified analysis should be incorporated when determining
cut-off levels of plasma BNP and NT-proBNP for predict-
ing the future onset of CV events in the general population.
However, no reports to date have shown which levels of
plasma BNP increase the risk for CV events in either
gender.
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The present study has shown for the first time in an
unselected general population that the adjusted HR was
significantly increased from the ninth plasma BNP decile in
men and the tenth decile in women. The association be-
tween plasma BNP and the future development of CV
events may be because elevated plasma BNP is a significant
biomarker for asymptomatic structural heart disease such as
impaired left ventricular function, left ventricular hypertro-
phy. atrial dilatation and fibrillation. and myocardial isch-
emia. In accord with this concept, Struthers and Lang'*
suggested that BNP and NT-proBNP testing could be used
to identify “pancardiac” target organ damage and may be-
come to the heart what albuminuria is to the kidneys, that is,
a useful biomarker for targeting organ damage in the CV
system. In our previous cross-sectional study applying
transthoracic echocardiography in the general population,
plasma BNP concentrations >50 pg/ml showed sensitivity
and specificity for several select phenotypes of structural
heart disease that are prone to progress into several types of
CV events.'” The threshold plasma BNP levels that in-
creased the HR (greater than approximately 37 pg/ml in
men and greater than approximately 55 pg/ml in women) in
the present study are lower compared to the previously re-
ported cut-off level for detection of structural heart disease.
This apparent discord may be due to the present study being
longitudinal and the cut-off level being gender specific.

The present study suggests that the usefulness in terms of
sensitivity and specificity of plasma BNP testing for pre-
dicting CV events differs little from the Framingham 10-
year risk score for general CV events. This finding may
indicate that the predictive ability of BNP testing is equiv-
alent to that of the established risk calculation. However,
such a conclusion may be premature, because the mean
follow-up period of this study was shorter (<6 years) than
the Framingham study (10 years). In fact, the established
risk scoring includes lipids, blood pressure, smoking, and
diabetes, which are long-standing risk factors for CV
events. In contrast, plasma BNP may be unique in that it is
instead identifying the end process of several types of car-
diac damage itself. In view of this, plasma BNP testing
could be useful for identifying subjects at high risk for
several types of CV events within a few years. BNP may
thus be a direct or novel biomarker for various types of
intrinsic cardiac abnormalities rather than an additional bio-
marker for assessing long-term risk.

The present study had several strengths. This study in-
cluded the largest general population sample in whom
plasma BNP levels have been reported. The plasma BNP
measurement was performed in fresh plasma samples with-
out long-term freezing and repeated thawing. CV events
were captured prospectively according to previously deter-
mined standard epidemiologic criteria and confirmed by the
research staft at medical chart review. Baseline data includ-
ing clinical characteristics and biochemical data were de-
termined well before the start of the follow-up study.

Despite these merits, several limitations must be consid-
ered when interpreting the results. First, because echocar-
diographic evaluation was not included in the baseline data,
the utility of the BNP testing could not be compared to that
of echocardiography. However, several previous studies
have reported that BNP testing remained independently

predictive of future CV events after adjusting for echocar-
diographic variables.””'' Second, mean BMI was lower in
our study than in previous general population reports.”-!*
Plasma BNP levels have been reported to be lower in obese
subjects than in the lean population,'®'” with 1 previous
study demonstrating that each standard deviation increase in
BMI was associated with a 16% to 18% decrement in
plasma BNP.'¢ It follows that threshold BNP levels may be

slightly lower in predominantly obese populations. Third,

according to population-based studies, the Japanese popu-
lation has a lower incidence of CV events than Western
countries. Thus, care must be taken before these data can be
generalized to other ethnic groups. Fourth, McKie et al'®
recently demonstrated that the use of NT-proBNP as a CV
risk predictor is worthless in healthy subjects, as verified by
close clinical examination including echocardiography.
This observation may not validate our results, because the
present population comprises entirely healthy subjects and
may include a substantial part of subjects with CV risk
factors, as listed in Tables 1 and 2. Finally, the age range of
our population may have been relatively narrow, with no
subjects aged <40 years or >80 years.

1. Ohsawa M, Itai K, Tanno K, Onoda T. Ogawa A, Nakamura M,
Kuribayashi T. Yoshida Y, Kawamura K, Sasaki S, Sakata K,
Okayama A. Cardiovascular risk factors in the Japanese northeastern
rural population. Inr J Cardiol 2009:137:226--235.

2. McKee PA, Castelli WP, McNamara PM, McKee PA, Feinleib M. The
natural history of congestive heart failure: the Framingham study.
N Engl J Med 1971;285:1441-1446.

3. Tunstall-Pedoe H. Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas
AM, Pajak A. Myocardial infarction and coronary deaths in the World
Health Organization MONIGA project. Registration procedures, event
rates. and case-fatality rates in 38 populations from 21 countries in
four continents. Circulation 1994;90:583-586.

4. World Health Organization MONICA Project. Event Registration Data
Component, MONICA Manual Version 1.1, Document for Meeting of
MONICA Principal Investigators. Geneva, Switzerland: World Health
Organization, [986.

5. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, Yamagata
K. Tomino Y, Yokoyama H, Hishida A; Collaborators Developing the
Japanese Equation for Estimated GFR. Revised equations for esti-
mated GFR from serum creatinine in Japan. Am J Kidney Dis 2009;
53:982-992.

6. D’Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M,
Massaro JM. Kannel WB. General cardiovascular risk profile for use
in primary care: the Framingham Heart Study. Circulation 2008;117:
743-753.

7. Wang TJ, Larson MG. Levy D, Benjamin EJ, Leip EP, Omland T,
Wolf PA. Vasan RS. Plasma natriuretic peptide levels and the risk of
cardiovascular events and death. N Engl J Med 2004;350:655-663.

8. Kistorp C, Raymond I, Pedersen F, Gustafsson F, Faber J, Hildebrandt
P. N-terminal pro-brain natriuretic peptide, C-reactive protein, and
urinary albumin levels as predictors of mortality and cardiovascular
events in older adults. JAMA 2005;293:1609-1616.

9. Rutten JH, Mattace-Raso FU, Steyerberg EW, Lindemans J, Hofman
A, Wieberdink RG, Breteler MM, Witteman JC, van den Meiracker
AH. Amino-terminal pro-B-type natriuretic peptide improves cardio-
vascular and cerebrovascular risk prediction in the population: the
Rotterdam study. Hypertension 2010;55:785-791.

10. Linssen GC, Bakker SJ. Voors AA. Gansevoort RT, Hillege HL, de
Jong PE. van Veldhuisen DJ, Gans RO, de Zeeuw D. N-terminal
pro-B-type natriuretic peptide is an independent predictor of cardio-
vascular morbidity and mortality in the general population. Eur
Hearr J 2010;31:120-127.

I'l. de Lemos JA. Hildebrandt P. Amino-terminal pro-B-type natri-
uretic peptides: testing in general populations. Am J Cardiol 2008;
101:16-20.

— 289 —



Preventive

. Redfield MM, Rodehefter RJ, Jacobsen SJ. Mahoney DW, Bailey KR,

Burnett JC Jr. Plasma brain natriuretic peptide concentration: impact
of age and gender. J Am Coll Cardiol 2002:40:976-982.

. Wang TIJ, Larson MG, Levy D, Leip EP, Benjamin EJ, Wilson PW,

Sutherland P, Omland T, Vasan RS. Impact of age and sex on plasma
natriuretic peptide levels in healthy adults. Am J Cardiof 2002:90:254-258.

. Struthers A, Lang C. The potential to improve primary prevention in

the future by using BNP/N-BNP as an indicator of silent “pancardiac”
target organ damage: BNP/N-BNP could become for the heart what
microalbuminuria is for the kidney. Eur Heart J 2007;28:1678 1682,

. Nakamura M, Endo H, Nasu M, Arakawa N, Segawa T, Hiramori K.

Value of plasma B type natriuretic peptide measurement for heart
disease screening in a Japanese population. Hearr 2002;87:131-135.

“ardiologv/Gender-Specific BNP Threshold for CV Events

16.

17.

— 290 —

1569

Wang TJ, Larson MG, Levy D. Benjamin EJ, Leip EP, Wilson PW,
Vasan RS. Impact of obesity on plasma natriuretic peptide levels.
Circulation 2004;109:594-600.

Das SR. Drazner MH, Dries DL, Vega GL, Stanek HG. Abdullah SM,
Canham RM, Chung AK, Leonard D. Wians FH Jr, de Lemos JA.
Impact of body mass and body composition on circulating levels of
natriuretic peptides: results from the Dallas Heart Study. Circulation
2005;112:2163-2168.

. McKie PM, Cataliotti A. Lahr BD, Martin FL. Redfield MM. Bailey

KR, Rodeheffer R]. Burnett JC Jr. The prognostic value of N-terminal
pro-B-type natriuretic peptide for death and cardiovascular events in
healthy normal and stage A/B heart failure subjects. J Am Coll Cardiol
2010;55:2140-2147.



Journal of Atherosclerosis and Thrombosis Vol.18. No.2 89

Original Article
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Aim: To examine and compare the predictive value of total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), TC/HDL-C and LDL-C/HDL-C
ratios for future cardiovascular outcomes in the general Japanese population.

Methods: A total of 24,566 eligible participants aged 18 years or older, without cardiovascular dis-
ease, were enrolled through multiphase health screening and divided into quartile groups based on
lipoprotein levels or ratios. Primary endpoints of the study were definitive acute myocardial infarc-
tion (AMI) and ischemic stroke, and cases of sudden death with unknown causes were not included.
We used Cox proportional hazard models to examine the relationships between the quartiles and
incidences of AMI or ischemic stroke, adjusting for traditional risk factors.

Results: Mean age was 63.7 years for males and 60.7 years for females. Mean follow-up period was 2.7
years, and 40 cases of AMI and 182 cases of ischemic stroke were recorded. The hazard ratio (HR) for
AMI was significantly higher in the top quartile of the LDL-C/HDL-C ratio and LDL-C levels, and
third quartile of TC among male participants. The HR of male participants with a LDL-C/HDL-C
ratio of 2.6 or higher was significantly higher than other quartiles. No association between lipoprotein
levels or their ratio quartiles and ischemic stroke was seen for either sex after adjusting for risk factors.
Conclusions: Our results indicated that the LDL-C/HDL-C ratio is an independent predictor for
AMI, and the importance of better management of cardiovascular risks among people with high
LDLC/HDLC ratios for the prevention of future cardiovascular disease.
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According to the World Health Organization,
cardiovascular disease was the most common cause of
death worldwide in 2005, accounting for approxi-
mately 30% of all deaths”. Among individuals 60
years of age or older, the main cause of death was isch-
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emic heart disease, followed by cerebrovascular dis-
ease?. Prevention of cardiovascular disease (CVD),
which includes cardiovascular and cerebrovascular dis-
orders, is emphasized in both developed and develop-
ing countries® ?.

Dyslipidemia is an independent risk factor that
contributes to the increase of CVD and death®*. Epi-
demiological studies™® have conclusively linked high
levels of low-density lipoprotein cholesterol (LDL-C)
and low levels of high-density lipoprotein cholesterol
(HDL-C) with CVD incidence and mortality. The
positive association between the LDL-C level and risk
has been confirmed in a lipid-lowering randomized
trial”. Current guidelines for the prevention of ath-
erosclerotic disorders recommend specific target levels
of lipid profiles to determine CVD risk and to evalu-
ate the effectiveness of lipid-lowering therapies® *.
Accordingly, LDL-C and HDL-C measurements are
included in the standard health check-up supported
by the Japanese government.

In recent years, additional indicators of CVD
based on standard serum lipid profiles have been intro-
duced® ', For instance, the total cholesterol (TC)/
HDLC ratio is a useful and simple index of CVD
risk'Y. Furthermore, the LDL-C/HDL-C ratio more
accurately predicts CVD risk than LDL-C or HDL-C
levels™ '?. In a large-scale intervention trial, a change
in this ratio was a better indicator of successful CVD
risk reduction'?. Although previous studies have
investigated the association between levels and the
ratios of various lipoproteins and CVD risk!® 19
only a few reports have evaluated the clinical utility of
various lipid measures to predict CVD in Japan.

The aims of our study were to examine and com-
pare the relationships between levels of TC, HDL-C,
LDL-C, ratios of TC/HDL-C and LDL-C/HDL-C,
and future cardiovascular outcomes among rural Japa-
nese residents.

Methods

Study Participants

This study was part of the large population-based
prospective Iwate Kenpoku Cohort study (Iwate-
KENCO study) and a government-sponsored, multi-
phase health check-up program in the northern part
of the Japanese main island. Survey methods have
been described in detail previously '™ .

The baseline survey was conducted from April
2002 to January 2005. Pardcipants were recruited
from the community-dwelling population living in
the Ninohe, Kuji and Miyako districts of Iwate prefec-
ture, which include 17 municipalities. During the sur-

vey period, individuals in these municipalities were
invited to participate in multiphase health screening.
A tortal of 31,318 residents (11,003 males and 20,315
females) aged 18 years or older participated in the
annual health check-up. We obtained written informed
consent from 26,469 of these residents. After exclud-
ing 1,903 participants due to a self-reported history of
CVD, medical history of CVD confirmed by the
Northern Iwate Heart Disease Registry Consortium
(NIHDRC) database and the Iwate Stroke Registry
(ISR) database'”, taking lipid-lowering medications,
and missing data for lipid-related items, we included
24,566 (8,714 males and 15,852 females) in the pres-
ent analysis.

The study was approved by the Medical Ethics
Committee of Iwate Medical University and con-

ducted in accordance with the Declaration of Hel-
sinki'®.

Measurements

We measured height and weight, and calculated
body mass index (BMI) using the following equation:
BMI=body weight (kg)/height (m)?. Blood pressure
was measured twice in a sitting position after urina-
tion and a five-minute rest. Measurements were per-
formed by well-trained staff using automatic devices,
and the average of the two measurements was reported
for systolic and diastolic blood pressures (SBP and
DBP).

Self-administered questionnaires were used in the
baseline survey to obtain demographic characteristics,
history of cardiovascular disease, cerebrovascular dis-
ease, medication use, alcohol consumption, tobacco
smoking and exercise habits.

Biochemical Analysis

Fasting or casual blood samples were collected
from the antecubital vein, transferred to a laboratory
and analyzed the same day. Serum total cholesterol
(TC), triglyceride (TG) and high-density lipoprotein
cholesterol (HDL-C) levels were measured by enzy-
matic methods. Serum low-density lipoprotein choles-
terol (LDL-C) was measured by the enzymatic
homogenous assay, Cholestest-LDL (Daiichi Chemi-
cals Co. Ltd, Tokyo, Japan). These lipid profiles were
measured by Iwate Health Service Association. These
measurements have been standardized by the Osaka
Medical Center for Health Science and Promotion, a
member of the Cholesterol Reference Method Labora-
tory Network (CRMLN) controlled by the CDC (Cen-
ters for Disease Control and Prevention, Atlanta,
USA), and have met all criteria for both the precision
and accuracy of lipid measurements.
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We measured plasma glucose concentrations by
the hexokinase ultraviolet method using an automared
analyzer (Hitachi High-Technologies Corporation,
Tokyo, Japan). Glycosylated hemoglobin Alc (HbAlc)
levels were determined by high-performance liquid
chromatography using an automated analyzer (Tosoh
Corporation, Tokyo, Japan).

We determined serum levels of high-sensitivity
C-reactive protein (hs-CRP) using the latex-enhanced
immunonephelometric method (Dade Behring, Ger-
many). The detection limit of the hs-CRP assay is 0.1
mg/L and results below the limit of detection were
reported as 0.1 mg/L.

Outcome Measures

The primary endpoints of this study were the
incidence of definitive acute myocardial infarction
(AMI) or ischemic stroke, while cases of sudden death
of unknown cause were not included as cardiovascular
endpoints. Investigators reviewed the population reg-
ister of each local government and confirmed dates of
death and locations to which participants had relo-
cated. Persons known to be alive at the end of fol-
low-up and those who had moved away from the
study areas were treated as censored cases'®. We con-
firmed that approximately 99.9% of participants who
were registered at the baseline were alive. Incidences of
AMI among participants were confirmed by assessing
the Northern Iwate Heart Disease Registry Consor-
tium (NIHDRC) database, in which definitive AMI
cases were determined based on the criteria of the
MONICA study. Incidences of ischemic stroke were
confirmed by accessing the Iwate Stroke Registry (ISR)
database!™.

Statistical Analysis

For each sex, we determined the prevalence (for
categorical variables) and mean and standard deviation
(for continuous variables). Participants were catego-
rized as follows: LDL-C/HDL-C ratio quartiles (Q1
<1.6, Q2 21.6-<2.1, Q3 22.1-<2.6, Q4 22.6),
TC level (mg/dL) quartiles (Q1 <180, Q2 >180-
<200, Q3 2200-<220, Q4 2220), LDL-C level
(mg/dL) quartles (Q1 <100, Q2 2100-<120, Q3
2120-<140, Q4 2140), HDL-C level (mg/dL) quar-
tiles (Q1 <50, Q2 250-<60, Q3 260-<70, Q4
270) and TC/HDL-C ratio quartiles (Q1 <2.8, Q2
22.8-<3.4, Q3 23.4-<4.1, Q4 24.1). Significance
was estimated using the Kruskal-Wallis test for con-
tinuous items and the Chi-square test or Fisher’s exact
test for categorical items among quartiles.

Disease-free survival curves for AMI or ischemic
stroke cases based on lipid profiles and their ratio

Table 1. Characreristics of participants at baseline

N (%) or mean (SD)

Male Female
(n=8.714) (#=15,852)
Age (years) 63.7 (11.5) 60.7 (11.7)
Body mass index 23.9 (3.0) 24.0 (3.5)
Systolic blood pressure (mmHg) 130.6 (19.6) 125.0(20.2)
Diastolic blood pressure (mmHg) ~ 78.3 (11.1)  73.6(11.2)

Total cholesterol (mg/dL) 190.7 (32.5) 204.3 (32.5)

Triglyceride (mg/dL) 124.8 (83.5) 111.1 (66.7)
HDL-C (mg/dL) 55.9(15.2)  61.2(14.3)
LDL-C (mg/dL) 113.3(29.2) 1229 (28.9)
HbAlc (%) 5.14 (0.73) 5.09 (0.64)
Hypertension (%) 2263 (26.0) 3875 (24.4)
Diabetes mellitus (%) 610 (7.0) 551 (3.5)

Current smoking (%) 2714 (31.1) 471 (3.0)

Regular alcohol consumption (%) 5276 (60.5) 1912 (12.1)

quartiles were determined using Kaplan-Meier meth-
ods. Age- and multivariate-adjusted hazard ratios (HR)
and 95% confidence intervals (CI) were computed
using Cox proportional hazard models. To estimate
adjusted HR, we included age (10 years increase), cur-
rent smoking status (yes or no), SBB, BMI, uric acid
and HbAlc in the multivariate adjusted models from
our previous report .

All significance tests were two-sided and p values
<0.05 were considered significant. All data were ana-
lyzed using SPSS version 16 (SPSS Inc., Chicago,
USA).

Results

Table 1 shows the characteristics of study partici-
pants. Mean age was 63.7 years for males and 60.7
years for females. The proportions of hypertension
were 26.0% for males and 24.4% for females, and
7.0% and 3.5% for diabetes mellitus. Mean follow-up
period was 2.7 years. During the survey period, 35
males and 5 females suffered from AMI, and 114
males and 68 females suffered from ischemic stroke.
We could not estimate a survival curve for AMI for
females due to its low incidence.

The LDL-C/HDL-C ratio-specific characteristics
at baseline among male participants are shown in
Table 2. BMI, HbAlc, uric acid, TC, TG, LDL-C
and hs-CRP were significantly correlated with higher
LDL-C/HDL-C ratio quartiles. In contrast, the pro-
portion of participants who regularly consumed alco-
hol and HDL-C scemed to be inversely correlated
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Table 2. LDL-C/HDL-C ratio-specific characteristics among male participants at baseline (1 =24560)

N (%) or mean (S§D)

LDL-C/HDL-C ratio QI<16 Q221.6-<2.1 Q322.1-<2.6 Q4226 ?"
(n=2277) (12=2125) (n=1818) (n=2494)
Age (years) 63.7 (11.6) 64.1(11.5) 63.6 (11.6) 63.5 (11.4) 0.13
Body mass index (kg/m?) 22.7 (2.8) 23.6(2.9) 24.3(2.9) 25.0 (2.8) <0.01
Current smoking 758 (33.3) 624 (29.4) 523 (28.8) 809 (32.4) <0.01
Regular alcohol consumption 1774 (77.9) 1346 (63.3) 1065 (58.6) 1091 (43.7) <0.01
Systolic blood pressure (mmHg) 131.0(20.3) 130.3 (19.4) 130.3 (19.5) 130.8 (19.1) 0.53
Diastolic blood pressure (mmHg) 78.2(11.5) 78.0 (11.0) 78.2 (10.8) 78.6 (11.0) 0.44
Antihypertensive medication 566 (24.9) 516 (24.3) 453 (24.9) 605 (24.3) 0.27
Hemoglobin Alc (%) 5.02 (0.64) 5.12 (0.70) 5.18 (0.80) 5.23 (0.76) <0.01
Hypoglycemic medication 87 (3.8) 90 (4.2) 80 (4.4) 115 (4.6) 0.19
Uric acid (mg/dL) 5.6 (1.4) 5.7 (1.3) 5.7 (1.3) 6.0 (1.4) <0.01
Total cholesterol (mg/dL) 174.8 (29.0) 184.8 (28.5) 192.9 (28.6) 208.7 (32.3) <0.01
Triglyceride (mg/dL) 94.3 (67.2) 112.8 (81.7) 129.9 (78.7) 158.9 (88.7) <0.01
LDL-C (mg/dL) 85.7 (19.4) 107.2 (18.5) 119.7 (19.8) 139.0 (25.5) <0.01
HDL-C (mg/dL) 71.1 (15.5) 58.3 (10.1) 51.4 (8.7) 43.3 (7.9) <0.01
hs-CRP (mg/dL) 0.13 (0.44) 0.14 (0.57) 0.14 (0.44) 0.16 (0.45) <90.01

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; SD, standard deviation; hs-CRP, high sensitivity C-reac-

tive protein

*Significance was estimated using Kruskal-Whallis test for continuous irems and Chi-square test or Fisher’s exact test for categorical items.

with LDL-C/HDL-C ratio quartiles.

Fig. 1 shows disease-free survival curves for AMI
among males based on LDL-C/HDL-C ratio quar-
tiles. The disease-free survival rate for male partci-
pants with a LDL-C/HDL-C ratio of 2.6 or higher
(fourth quartile) was significantly different from other
quartiles. Multivariate-adjusted HR of Q4 was signifi-
cantly higher than Q1 (p=0.03) (Table 3-1).

Multivariate-adjusted HR of Q3 for TC levels
(HR=2.44, p=0.04) and Q4 for LDL-C Ilevels
(HR=2.50, p=0.04) were significantly higher and
that of Q3 for HDL-C levels (HR=0.20, p=0.03)
was significantly lower than Q1; however, a linear and
obvious relationship was not observed across all quar-
tiles (Table 3-1).

Table 3-2 shows hazard ratios for ischemic stroke
based on lipoprotein levels and their ratio quartiles
among males. For the LDL-C/HDL-C ratio, no sig-
nificant relationship was found between quartiles and
the risk of ischemic stroke [multivariate-adjusted HR
of Q4=0.86 (»p=0.56)]. Furthermore, no relationship
was found between quartiles of LDL-C levels, HDL-C
levels and the TC/HDL-C ratio, and the risk of isch-
emic stroke [multivariate-adjusted HRs of Q4=0.73
(p=0.27) for LDL-C levels, 0.90 (»p=0.73) for
HDL-C levels and 0.81 (p=0.47) for TC/HDL-C
ratio]. Although multivariate-adjusted HR of Q3 for
TC levels was significantly lower than Q1 (HR=0.55,
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Fig. 1. Acute myocardial infarction-free rate for LDL-C/
HDL-C ratio quartiles among male participants (1=

8714, Cases=35).

2=0.04), a linear and obvious relationship was not
observed across quartiles.

Table 3-3 shows hazard ratios for ischemic stroke
for lipoprotein levels or their ratio quartiles among
females. We found no significant relationship between
quartiles of LDL-C/HDL-C ratio and risk of ischemic
stroke [multivariate-adjusted HR of Q4=1.17
(»=0.69)]. In addition, we observed no relationship
between the other quartiles [multivariate-adjusted
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Table 3-1. Hazard ratios for acute myocardial infarction according to lipid level quartiles among male participants (2=8714, Mean
age=63.7 £ 11.5, Mean follow-up yvears=2.7+0.9)

Number Incidence Age-adjusted Multivariate- adjusted
of events rate” hz%zard ’mtios 95% Cl 14 hazard ratiolb 95% Cl ,

LDL-C/HDL-C ratio

Q1<1.6 412277 0.28 1.00 (Reference) 1.00 (Reference)

Q221.6-<2.1 4/2125 0.32 1.08 0.27-4.33 0.91 0.99 0.25-3.96 0.98

Q322.1-<2.6 6/1818 0.67 1.88 0.53-6.67 0.33 1.51 0.42-546  0.53

Q4226 21/2494 1.24 5.02 1.72-14.62 <0.01 3.50 1.15-10.64 0.03
TC levels (mg/dL)

Q1 <180 . 12/3292 0.41 1.00 (Reference) 1.00 (Reference)

Q22180-<200 6/2183 0.46 0.75 0.28-1.99 0.56 0.82 0.34-2.52 0.88

Q3 2200-<220 10/1651 1.33 1.63 0.71-3.78 0.25 2.44 1.01-5.91 0.04

Q42220 7/1588 1.00 1.17 0.46-2.98 0.74 1.81 0.68-4.77 0.23
LDL-C levels (mg/dL)

Q1 <100 8/2884 0.36 1.00 (Reference) 1.00 (Reference)

Q2z100-<120 5/2427 0.31 0.72 0.23-2.19 0.56 0.64 0.21-1.96 0.43

Q32120-<140 9/1813 1.00 1.82 0.70-4.71 0.22 1.30 0.48-3.51 0.60

Q42140 13/1590 1.85 3.20 1.32-7.72 0.01 2.50 1.02-6.09 0.04
HDL-C levels (mg/dL)

Q1 <50 24/3253 0.85 1.00 (Reference) 1.00 (Reference)

Q2 250-<60 712346 0.47 0.41 0.18-0.95 0.04 0.48 0.21-1.13 0.09

Q3 260-<70 2/1647 0.27 0.16 0.04-0.67 0.01 0.20 0.05-0.86 0.03

Q4270 2/1468 0.33 0.19 0.05-0.81 0.02 0.27 0.06-1.19 0.08
TC/HDL-C ratio

Q1<2.8 412003 0.37 1.00 (Reference) 1.00 (Reference)

Q222.8-<34 3/2148 0.24 0.69 0.15-3.08 0.63 0.60 0.13-2.72 0.51

Q323.4-<4.1 9/2066 0.77 2.18 0.67-7.07 0.20 1.52 0.45-5.19 0.50

Q4 24.1 19/2497 1.13 4.05 1.38-11.90 0.01 2.82 0.91-8.72 0.07

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol
*Unadjusted incidence rate per 1,000,000 per year. bAgc (10-year increase), current smoking, systolic blood pressure, body mass index, uric acid,

and hemoglobin Alc were included in the Cox regression analysis.

HRs of Q4=0.73 (p=0.44) for TC levels, 0.68 (p=
0.34) for LDL-C levels, 0.59 (»=0.19) for HDL-C
levels and 1.43 (p=0.39) for TC/HDL-C ratio].

Discussion

This community-based, prospective cohort study
conducted in a Japanese rural area showed that the
LDL-C/HDL-C ratio at baseline was an independent
predictor for future AMI among male participants,
with a ratio of 2.6 or higher suggesting a risk of dis-
ease. Although an association between LDL-C and
TC quartiles and the risk was observed, it may be
weaker than LDL-C/HDL-C. On the other hand, we
observed no obvious association between any lipopro-
tein level or their ratio quartiles and the risk of ischemic
stroke in cither sex. To the best of our knowledge, this
is the first report to prospectively examine the associa-

tion between the lipoprotein level or ratio quartiles
and cardiovascular events, and to clarify the relation-
ship between the LDL-C/HDL-C ratio and AMI
among males in a rural Japanese community.

Several epidemiological studies have reported the
LDL-C/HDL-C ratio to be an excellent predictor of
coronary heart disease (CHD) risk!® 1% 19, In the
Helsinki Heart Study'?, the LDL-C/HDL-C ratio
was a strong predictor of CHD risk among partici-
pants with high triglyceride levels during 5-year follow
up. Furthermore, the PROSPER study'?, which was a
prospective cohort study that examined about 5,800
elderly participants over 3.7 years, suggested that
increased CHD risk is associated with an elevated
LDL-C/HDL-C ratio. In contrast, the Quebec Car-
diovascular Study'" showed that ratios of LDL-C/
HDL-C and TC/HDL-C were associated with isch-
emic heart disease, and indicated that the TC/HDL-C
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Table 3-2. Hazard ratios for ischemic stroke according to lipid level quartiles among male participants (7=8714, Mean age=63.7 =
11.5, Mean follow-up years=2.7+0.9)

Number of Incidence

Age-adjusted

Multivariate- adjusted

events rate” hazard ratios 95% CI 4 hazard ratios” 95% CI ?

LDL-C/HDL-C ratio

Q1 <16 33/2277 2.36 1.00 (Reference) 1.00 (Reference)

Q221.6-<2.1 29/2125 2.36 0.93 0.57-1.53 0.78 1.02 0.61-1.71 0.94

Q322.1-<2.6 21/1818 2.35 0.79 0.46-1.36 0.39 0.81 0.46-1.44 0.47

Q4226 31/2494 1.84 0.88 0.54-1.43 0.60 0.86 0.50-1.46 0.56
TC levels (mg/dL)

Q1 <180 53/3292 1.84 1.00 (Reference) 1.00 (Reference)

Q22180-<200 25/2183 1.94 0.69 0.43-1.12 0.13 0.69 0.42-1.13 0.15

Q3 2200-<220 16/1651 2.13 0.57 0.33-1.00 0.05 0.55 0.31-0.99 0.04

Q42220 20/1588 2.87 0.74 0.44-1.23 0.25 0.83 0.49-1.42 0.83
LDL-C levels (mg/dL)

Q1 <100 45/2884 2.04 1.00 (Reference) 1.00 (Reference)

Q22100-<120 3212427 2.00 0.81 0.52-1.28 0.37 0.83 0.52-1.32 0.43

Q3 2120-<140 19/1813 2.11 0.66 0.39-1.13 0.13 0.65 0.37-1.12 0.12

Q42140 18/1590 2.57 0.76 0.44-1.31 0.32 0.73 0.42-1.27 0.27
HDL-C levels (mg/dL)

Q1 <50 41/3253 1.45 1.00 (Reference) 1.00 (Reference)

Q2 250-<60 34/2346 2.28 1.17 0.74-1.84 0.51 1.18 0.74-1.87 0.49

Q3260-<70 23/1647 3.10 1.08 0.65-1.81 0.76 1.12 0.66-1.89 0.69

Q4270 16/1468 2.70 0.89 0.50-1.58 0.68 0.90 0.49-1.66 0.73
TC/HDL-C ratio

Qi <28 29/2003 2.68 1.00 (Reference) 1.00 (Reference)

Q2228-<34 32/2148 2.55 0.99 0.60-1.64 0.97 0.99 0.59-1.67 0.97

Q323.4-<41 2212066 1.90 0.72 0.41-1.25 0.25 0.70 0.39-1.26 0.23

Q4 24.1 31/2497 1.84 0.89 0.54-1.48 0.65 0.81 0.47-1.42 0.47

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol

“Unadjusted incidence rate per 1,000,000 per year. ® Age (10-year increase), current smoking, systolic blood pressure, body mass index, uric acid,

and hemoglobin Alc were included in the Cox regression analysis.

ratio might be a better indicator than the LDL-C/
HDL-C ratio in males; however, a population-based
cohort study from Framingham, Massachusetts
reported that ratios of TC/HDL-C and LDL-C/
HDL-C were positively associated with coronary heart
disease risk in both sexes”. In the present study, mul-
tivariate-adjusted analysis showed that while the inci-
dence of AMI was significantly associated with the
LDL-C/HDL-C ratio, the magnitude of HR was
almost identical in each quartile group of LDL-C/
HDL-C and TC/HDL-C. Long-term observation
may be needed to reveal an association between the
LDL-C/HDL-C ratio or TC/HDL-C ratio and risk of
future cardiovascular events.

We also observed a positive association between
LDL-C levels and AMI. LDL-C is well known as an
important risk factor for CVD. In the Suita study?,
which analyzed about 4,700 participants over a 11.9

years, the risk of myocardial infarction in the highest
quartile of LDL-C (23.91 mmol/L) was 3.73 times
higher than in the lowest quartile (<2.54 mmol/L) in
males. Likewise, we showed that the highest quartile
of LDL-C was significantly associated with the inci-
dence of AMI. Upon additional analysis, no signifi-
cant association was found between the LDL-C/
HDL-C ratio and AMI after stratifying with the
LDL-C median level [multivariate-adjusted HR of Q4
in high LDL-C=3.00 (»=0.56) and in low LDL-C=
0.70 (p=0.66)]. The predictive value of LDL-C/
HDL-C for AMI incidence may be evident with rela-
tively high serum LDL-C (2120 mg/L); however,
LDL-C quartiles did not show a clear and linear trend
compared to the LDL-C/HDL-C ratio. Moreover, TC
quartiles did not show a liner a association in this
study, although the third quartile of TC levels was sig-
nificantly associated with the incidence; therefore, the
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Table 3-3. Hazard ratios for ischemic stroke according to lipid level quartiles among female participants (2=15852, Mean
age=060.7 £ 11.7, Mean follow-up years=2.7 £0.9)

Number of Incidence

Age-adjusted

Multivariate-adjusted

events rate” hazard ratios 25% Cl 4 hazard ratios” 95% CI 4

LDL-C/HDL-C ratio

QI <16 1174025 0.26 1.00 (Reference) 1.00 (Reference)

Q221.6-<2.1 18/4408 0.35 1.25 0.59-2.65 0.56 1.13 0.53-2.42 0.76

Q322.1-<2.6 16/3599 0.46 1.24 0.58-2.68 0.58 0.92 0.41-2.05 0.83

Q422.6 23/3820 0.58 1.66 0.81-3.41 0.17 1.17 0.54-2.49 0.69
TC levels (mg/dL)

Q1 <180 12/3484 0.38 1.00 (Reference) 1.00 (Reference)

Q22180-<200 20/3638 0.56 1.55 0.76-3.17 0.23 1.39 0.66-2.94 0.39

Q32200-<220 19/3896 0.47 1.38 0.67-2.85 0.38 1.15 0.54-2.48 0.72

Q42220 17/4834 0.27 0.97 0.46-2.03 0.93 0.73 0.32-1.63 0.44
LDL-C levels (mg/dL)

Q1 <100 12/3291 0.43 1.00 (Reference) 1.00 (Reference)

Q22100-<120 2174066 0.48 1.15 0.56-2.33 0.71 1.15 0.55-2.42 0.71

Q32120-<140 16/4301 0.32 0.78 0.37-1.66 0.52 0.74 0.34-1.61 0.45

Q42140 19/4194 0.39 0.94 0.45-1.94 0.86 0.68 0.31-1.49 0.34
HDL-C levels (mg/dL)

Q1 <50 22/3345 0.74 1.00 (Reference) 1.00 (Reference)

Q2 250-<60 21/4453 0.39 0.79 0.43-1.43 0.43 0.85 0.45-1.59 0.61

Q3 260-<70 15/3993 0.35 0.66 0.34-1.28 0.22 0.78 0.39-1.55 0.47

Q4270 10/4061 0.23 0.46 0.22-0.97 0.04 0.59 0.27-1.29 0.19
TC/HDL-C ratio

Q1 <28 9/3728 0.24 1.00 (Reference) 1.00 (Reference)

Q222.8-<34 16/4559 0.29 1.20 0.53-2.73 0.66 1.10 0.48-2.54 0.82

Q3234-<4.1 19/3997 0.44 1.44 0.65-3.19 0.37 1.12 0.49-2.57 0.78

Q4 24.1 24/3568 0.70 2.03 0.94-4.39 0.07 1.43 0.64-3.22 0.39

LDL-C, low-density lipoprotein cholesterol; HDL-C, lugh density lipoprotein cholesterol; TC, total cholesterol

*Unadjusted incidence rate per 1,000,000 per year.
and hemoglobin Alc were included in the Cox regression analysis.

LDL-C/HDL-C ratio may have greater clinical poten-
tial as a predictor of AMI ‘than LDL-C or TC levels.
HDL-C is a well-known protective factor against
CVD, and its levels are inversely associated with
CHD?". We did not observe a clear association in the
present study, which may have been due to the shorter
follow-up period. Nevertheless, the LDL-C/HDL-C
ratio at baseline was independently associated with
future AMI, suggesting that the LDL-C/HDL-C ratio
may better predict the outcome than HDL-C alone.
Interestingly, our results showed that the hazard
ratio in male participants with a LDL-C/HDL-C ratio
of 2.6 or higher was significantly higher than other
quartiles. Thc Munster Heart Study (PROCAM) ',
which included middle-aged German men, showed
a continuous and graded relationship between the
LDL-C/HDL-C ratio and CHD morulity, with an
increase in CHD deaths when the ratio was between

ch (10-year increase), current smoking, systolic blood pressure, body mass index, uric acid,

3.7 and 4.3. A clinical study of Japanese patients with
suspected ischemic coronary disease evaluated the rela-
tionship between plaque formation and lipoprotein
levels in coronary arteries using intravascular ultraso-
nography and found that the mean plaque area was
significantly higher if the LDL-C/HDL-C ratio was at
least 2.5, It is possible that a LDL-C/HDL-C ratio
of 2.6 or higher is a risk factor for AMI among Japa-
nese males, and our results suggest that it is important
to maintain an LDL-C/HDL-C ratio lower than 2.6
for primary prevention of AMIL

We did not find an association between the
LDL-C/HDL-C ratio and ischemic stroke. Further-
more, there were mostly non-significant associations
between other lipid profiles or their indices and isch-
emic stroke. The Cardiovascular Health study®”
reported a positive association between LDL-C and
the risk of ischemic stroke, and the Oyabe study?®

— 297 —



96 Yokokawa et al.

demonstrated an inverse relationship between HDL-C
levels and ischemic stroke incidence; however, the
Framingham study?” and Hisayama study”® did not
report a clear association between the LDL-C level
and the risk of ischemic stroke, and HDL-C levels
were not associated with the risk of ischemic stroke in
the Women'’s Health study®”’. Furthermore, LDL-C
and HDL-C were not associated with ischemic stroke
in the Atherosclerosis Risk in Community study®.
Also, the NIPPON DATA 80% % reported that there
was no relationship between ischemic stroke and TC
levels. We propose three possible explanations for
these discrepancies. First, these associations were het-
erogeneous across ischemic stroke subtypes, and lacu-
nar infarction and cardioembolic infarction seem to be
less associated with elevated LDL-C levels than ath-
erothrombotic infarction®®. It is probable that includ-
ing these subtypes in the analysis masks the true asso-
ciation; therefore, the LDL-C/HDL-C ratio may not
be clearly associated with the risk of total ischemic
stroke in the present study. Ischemic stroke subtype-
specific analysis may be needed to assess the potential
relationship with the LDL-C/HDL-C ratio. Second,
the follow-up period in our study was relatively short
compared to previous studies. Long-term observation
may reveal an association between the LDL-C/HDL-C
ratio and risk of ischemic stroke. Finally, adjustment
for confounding factors, especially blood pressure lev-
els, might be insufficient in multivariate analysis. Isch-
emic stroke is likely to be influenced by blood pressure
levels compared to AMI, and insufficient adjustment
for blood pressure levels may mask the true associa-
tion. To improve the accuracy of our findings, addi-
tional analysis stratified by blood pressure levels may
be needed.

We found that the LDL-C/HDL-C ratio was
associated with cardiovascular risk factors in both
sexes. The Hisayama study?® reported that LDL-C
levels were linearly correlated with BMI, fasting blood
glucose levels, and systolic and diastolic blood pres-
sures, while HDL-C levels were inversely correlated
with LDL-C levels. These factors are components of
metabolic syndrome (MetS), which has received con-
siderable attention because it is known to be a condi-
tion associated with a high risk for ischemic heart dis-
ease®”. Furthermore, the LDL-C/HDL-C ratio was
significantly correlated with hs-CRP levels, which is a
circulatory inflammatory marker and well-known pre-
dictor of atherosclerotic disorders®”; therefore, it is
probable that the LDL-C/HDL-C ratio can assess the
inflammation of blood vessels.

Our study has several limitations. The first is
selection bias. Participants were selected from those

who attended the annual health check-up, and they
may have greater health awareness than the general
population. Second, the follow-up period was rela-
tively short (2.7 years) compared to previous cohort
studies that observed outcomes for more than five
years. Long-term observational studies may be needed
to access causal associations between the LDL-C/
HDL-C ratio and cardiovascular outcomes. Third,
unknown sudden deaths were excluded from analysis,
and it is possible that incidences were underestimated.
Fourth, the present study investigated the outcome of
total ischemic stroke. Ischemic stroke subtype-specific
analysis may be needed in the future. Finally, we used
LDL-C levels directly measured by a homogeneous
assay in this study. It is possible that directly measured
LDL-C levels are not as accurate as calculated LDL-C
levels.

Conclusions
The LDL-C/HDL-C ratio at baseline was an

independent predictor of future AMI among Japanese
males. A ratio of 2.6 or higher may indicate non-fatal
AMI risk, and might have the potential to assess the
inflammation of blood vessels. In addition to other
lipid profiles and ratios, our results indicate the utility
of the LDL-C/HDL-C ratio as a predictor of AMI
among men and the importance of lifestyle modifica-
tion and better management of cardiovascular risks
among people with high LDLC/HDLC ratios for pri-
mary prevention of future cardiovascular disease; how-
ever, given the relatively short follow-up period of this
study, long-term studies may be needed to confirm
our findings.
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