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Aim: The aim of this study was to identify the threshold level for non-high-density lipoprotein cho-
lesterol (non-HDL-cholesterol) to raise the risk of coronary heart disease (CHD) incidence in a Japa-
nese general population.
Methods: A total of 8,132 men and women, aged 40 to 69 years with no history of stroke or CHD, 
completed the baseline risk factor surveys between 1975 and 1987. Systematic surveillance of cardio-
vascular disease incidence was performed through 2003 (the median follow-up period was 21.9 
years), and 155 incidents of CHD were identified.
Results: We found a statistically significant association between non-HDL-cholesterol levels and the 
risk of CHD with a threshold around 140 mg/dL. After adjustment for potential confounding fac-
tors, this association did not change materially. The multivariable hazard ratio of CHD compared 
with that for levels of ＜100 mg/dL was 2.49 (95% confidence interval: 1.35 to 4.61) for 140-159 
mg/dL and 3.13 (1.58-6.21) for ≥180 mg/dL. Setting the cut-off point at ≥140 mg/dL non-HDL-
cholesterol resulted in the greatest improvement of integrated discrimination.
Conclusions: Higher concentrations of non-HDL-cholesterol are associated with an increased risk of 
CHD with a threshold around 140 mg/dL, suggesting that the optimal cut-off point for healthy per-
sons to prevent increasing the risk of CHD might be around 140 mg/dL non-HDL-cholesterol.
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in the United States and Japan do not stress the 
importance of non-HDL-cholesterol as much as that 
of LDL-cholesterol11-13). In fact, the National Choles-
terol Educational Program (NCEP) Expert Panel rec-
ommended the use of LDL-cholesterol as the primary 
indicator of therapy and primary prevention of CHD, 
while non-HDL-cholesterol was only a secondary 
target of therapy for patients with hypertriglyceride-
mia11, 12). The Japan Atherosclerosis Society’s guide-
lines also use a cut-off point for LDL-cholesterol, but 
not for non-HDL-cholesterol, as an indicator for ath-
erogenic lipid management13).

However, a recent study has shown that direct 
measurements of LDL-cholesterol as well as triglycer-

Introduction

Non-high-density-lipoprotein cholesterol (non-
HDL-cholesterol) as well as low-density-lipoprotein 
cholesterol (LDL-cholesterol) is a major risk factor for 
artherosclerotic disease1-10), and management of these 
lipids is important for the prevention of coronary 
heart disease (CHD)11, 12); however, current guidelines 
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ides may not be fully standardized in many clinical 
laboratories14). This indicates that LDL-cholesterol 
estimated with the Friedewald formula15) as well as 
directly measured may include measurement errors, 
which may jeopardize satisfactory lipid monitoring 
and control in clinical practice.

Non-HDL-cholesterol is easily calculated by 
using total and HDL-cholesterol concentrations, the 
determinations of which are well standardized14, 16). It 
has been shown that the predictive value of non-
HDL-cholesterol is similar to or better than that of 
LDL-cholesterol from epidemiological studies1, 3, 5, 6, 8); 
therefore, non-HDL-cholesterol could be a more reli-
able indicator than LDL-cholesterol for the preven-
tion of CHD in community-based preventive strate-
gies. In Japan, two prospective studies, the Suita 
study8) and the JALS-ECC10), showed a positive asso-
ciation between non-HDL-cholesterol and the inci-
dence of CHD; however, the optimal cut-off point of 
non-HDL-cholesterol for the primary prevention of 
CHD remained unclear.

We therefore examined the threshold level of 
non-HDL-cholesterol to increase the risk of CHD by 
a prospective cohort study in a Japanese general popu-
lation in order to estimate the optimal cut-off point 
for healthy persons to prevent increasing the risk of 
CHD.

Methods

Study Cohort
The participants consisted of a population-based 

sample aged 40 to 69 years living in four communities 
in Japan included in the Circulatory Risk in Commu-
nities Study (CIRCS)17). They participated in the car-
diovascular risk surveys conducted between 1975 and 
1980 in Ikawa and Noichi, between 1975 and 1984 
in Yao, and between 1981 and 1987 in Kyowa, from 
which we obtained data for lipid profiles and con-
founding variables. The proportion of subjects who 
participated in the surveys was 77% for the total cen-
sus population.

From the 8,158 participants (3,201 men and 
4,957 women), we excluded 26 persons with a con-
firmed history of CHD and/or stroke at the time of 
baseline inquiry, because our purpose was to examine 
the association between non-HDL-cholesterol and the 
primary incidence of CHD. As a result, 8,132 persons 
(3,178 men and 4,954 women) were enrolled in the 
present analysis. The Ethics Committee of Osaka 
Medical Center for Health Science and Promotion 
approved this study.

Measurement of Risk Factors
Serum total cholesterol, HDL-cholesterol and 

triglycerides were measured with enzymatic methods 
using an automatic analyzer (Hitachi 7250; Hitachi 
Medical Corp., Hitachi, Japan). These measurements 
were performed at Osaka Medical Center for Cancer 
and Cardiovascular Diseases, which has been stan-
dardized since April 1975 by the U.S. Centers for Dis-
ease Control (CDC)-National Heart, Lung, and 
Blood Institute (NHLBI) Lipid Standardization Pro-
gram14, 16). Non-HDL-cholesterol was calculated as 
follows: Non-HDL-cholesterol=Total cholesterol - HDL- 
cholesterol.

Diabetes was defined as a plasma glucose level of 
≥126 mg/dL during fasting or ≥200 mg/dL during 
non-fasting, or use of medication for diabetes, while 
borderline diabetes was defined as a plasma glucose 
level of 110-125 mg/dL at fasting or 140-199 mg/dL 
at non-fasting, and no use of medication for diabetes. 
As for blood pressure, mild hypertension was catego-
rized as systolic blood pressure 140-159 mmHg or 
diastolic blood pressure 90-99 mmHg, while the cor-
responding values for moderate hypertension were 
160-179 mmHg or 100-109 mmHg, and for severe 
hypertension ≥180 mmHg or ≥110 mmHg, based on 
World Health Organization-International Society of 
Hypertension (WHO-ISH) Guidelines18). Height in 
stocking feet and weight in light clothing were mea-
sured, and body mass index (BMI) was calculated as 
weight (kg)/height (m)2. An interview was conducted 
to ascertain the smoking status, the number of ciga-
rettes smoked per day, and usual alcohol intake per 
week.

Follow-Up Study
The follow-up was conducted by annual cardio-

vascular risk surveys to obtain information on incident 
CHDs from the participants. For non-participants in 
any of the surveys, these endpoints were ascertained 
by means of a mailed questionnaire or a death certifi-
cate to establish the underlying cause of death (Inter-
national Classification for Diseases, 9th edition: 410 
to 414, 428, 429 and 430 to 438). We also used 
national insurance claims, ambulance records, reports 
by local physicians and public health nurses for case 
ascertainment. To confirm the diagnosis, all living 
patients were telephoned or visited to obtain their 
medical history, and their medical records at hospitals 
were also reviewed. In the case of death, we obtained 
histories from the deceased’s family and reviewed the 
medical records.

The criteria for CHD used in our study were 
modified from those of the World Health Organiza-
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tion Expert Committee19). Definite myocardial infarc-
tion (MI) was defined as the presence of typical chest 
pain lasting for ≥30 minutes accompanied by the 
appearance of abnormal and persistent Q or QS 
waves, or changes in cardiac enzyme activity or both. 
Probable MI was defined as the presence of typical 
chest pain but for which the findings of electrocardio-
gram or enzyme activity were not available. Angina 
pectoris was defined as repeated episodes of chest pain 
during effort, especially when walking, usually disap-
pearing rapidly after the cessation of effort or the use 
of sublingual nitroglycerin. The date of the first epi-
sode was identified as the date of angina pectoris inci-
dence. We did not include cases whose clinical exami-
nation data were negative for MI or angina pectoris, 
even if clinical symptoms corresponded to our criteria. 
Sudden cardiac death was defined as death within 1 
hour of onset, a witnessed cardiac arrest, or abrupt 
collapse not preceded by ≥1 hour of symptoms. We 
excluded sudden cardiac death cases whose cause of 
death had been diagnosed as lethal arrhythmia, car-
diomyopathy, stroke, and other organic heart diseases. 
CHD was defined as including definite or probable 
MI, angina pectoris, and sudden cardiac death. The 
final diagnosis of CHD was made by a panel of three 
or four physicians, blinded to the baseline data.

For each of the participants, the person-years of 
follow-up were calculated from the date of the base-
line survey to the date of CHD incidence, death, exit 
from the community, or the end of 2003, whichever 
occurred first. Participants who moved away from the 
community (5.9%) were treated as censored. The total 
person-years studied were 173,025 with a median fol-
low-up period of 21.9 years.

Statistical Analysis
First, sex- and age-adjusted means and propor-

tions of selected cardiovascular risk factors at the base-
line survey were identified according to non-HDL-
cholesterol categories. Analysis of covariance and 
Mantel-Haenszel chi-square tests were used to exam-
ine differences among non-HDL-cholesterol catego-
ries in terms of sex- and age-adjusted mean values and 
proportions of baseline characteristics.

Second, we examined, non-parametrically and 
with restricted cubic splines20), possible non-linear 
associations between non-HDL-cholesterol levels and 
risk of CHD. Because sparse tail data may lead to a 
visual influence (i.e. overestimation of risk difference), 
predictions from the top and bottom 1% of the ana-
lytical distribution are not included in the graph. We 
used 5 knots, the values of which corresponded to 81 
mg/dL, 110 mg/dL, 130 mg/dL 152 mg/dL and 193 

mg/dL of non-HDL-cholesterol levels.
Third, categorical analysis was based on the inci-

dence rates of CHD divided by clinical categories 
of non-HDL-cholesterol (＜100, 100-120, 120-139, 
140-159, 160-179, ≥180 mg/dL). The Cox propor-
tional hazards model was used to calculate the sex- 
and age-adjusted and multivariable hazard ratios (HRs) 
and 95% confidence intervals (95%CI) after adjust-
ment for sex, age and potential confounding factors, 
which included the blood pressure category (normal, 
mild, moderate, and severe hypertension), antihyper-
tensive medication use (yes or no), glucose category 
(normal, borderline diabetes, and diabetes), BMI cate-
gory (sex-specific quartiles), smoking status (never, ex- 
and current cigarette smokers at ＜20 and ≥21 ciga-
rettes per day), alcohol intake category (never, 
ex-drinker, and current drinker of ethanol at 1 to 22, 
23 to 45, 46 to 68, and ≥69 g per day), lipid-lowering 
medication use (yes or no), HDL-cholesterol category 
(＜40, 40-49, 50-59, 60-69, and ≥70 mg/dL) and tri-
glyceride category (＜100, 100-149, 150-199, 200-249, 
and ≥250 mg/dL), fasting status (＜8 hours versus ≥8 
hours after last meal), entry year of baseline survey, 
and study area. We tested the assumption of propor-
tional hazards and found no violation of the propor-
tionality principle. Tests for effect modification by sex 
or other cardiovascular risk factors were conducted 
with an interaction term generated by multiplying the 
continuous variable of non-HDL-cholesterol by sex or 
other cardiovascular risk factors.

Finally, to confirm whether the threshold of non-
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Fig.1. Sex-specific histogram for distribution of non-HDL-
cholesterol. 

The distribution percentages for men were 35% for ≥140 mg/dL, 
18% for ≥160 mg/dL, 8% for ≥180 mg/dL, and 3% for ≥200 
mg/dL. The corresponding percentages for women were 43%, 
24%, 11%, and 5%.
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HDL-cholesterol shown in the categorical analysis is 
the optimal cut-off level, we examined changes in 
integrated discrimination improvement (IDI)21) and 
Akaike’s Information Criteria (AIC)22) at different cut-
off points. We selected non-HDL-cholesterol values 
on the basis of primarily a higher IDI and secondarily 
a smaller AIC in multivariable Cox proportional haz-
ard models with potential confounding factors as bet-
ter cut-off points for the prediction of CHD, and used 
these cut-off points to reduce the misclassification of 
risk prediction.

All statistical tests were two-sided and p＜0.05 
was regarded as statistically significant. SAS, version 
9.13 (SAS Institute, Inc., Cary, NC, USA) was used 
for all statistical analyses.

Results

Fig.1 shows a sex-specific histogram of non-
HDL-cholesterol distribution at the baseline survey. 
The percentages were 35% for men with ≥140 mg/dL 
and 8% for men with ≥180 mg/dL. The correspond-

ing percentages for women were 43% and 11%. The 
mean value (±standard deviation) was 128.0 mg/dL 
(±36.1) for men and 136.0 mg/dL (±36.4) for 
women.

Table 1 shows selected cardiovascular risk factors 
at the baseline survey according to non-HDL-choles-
terol categories. The median value of non-HDL-cho-
lesterol categories was 86mg/dL, 110 mg/dL, 129 
mg/dL, 149 mg/dL, 168 mg/dL and 197 mg/dL in 
each category. Compared with persons in the lowest 
category of non-HDL-cholesterol (＜100 mg/dL), 
persons in the highest category ( ≥180 mg/dL) tended 
to have higher means of total cholesterol levels, tri-
glycerides, body mass index, and systolic and diastolic 
blood pressures, and lower means of HDL-cholesterol. 
Also, they were more likely to be female, older, hyper-
tensive, with diabetes, to use of medication for hyper-
tension and hyperlipidemia, and less likely to drink.

During the follow-up period, we identified 155 
incidences of CHD, comprising 91 MI, 36 angina 
pectoris and 28 sudden cardiac death. Higher non-
HDL-cholesterol levels were associated with increased 

Table 1. Sex- and age-adjusted mean and prevalence as baseline characteristics of participants according to non-HDL-cholesterol 
categories

Non-HDL-cholesterol, mg/dL

＜100 100-119 120-139 140-159 160-179 180＋

Median, mg/dL
Range, mmol/L

86
＜2.59

110
2.59-3.09

129
3.10-3.61

149
3.62-4.13

168
4.14-4.64

197
4.65＋

Number of persons
Men, %
Age, year

Total cholesterol, mg/dL
HDL-cholesterol, mg/dL
Triglycerides, mg/dL
Lipid-lowering medication use, %
Body mass index, kg/m2

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Non-hypertension, %
Mild hypertension, %
Moderate hypertension, %
Severe hypertension, %
Antihypertensive medication use, %
Non-diabetes, %
Borderline diabetes, %
Diabetes, %
Current smoker, %
Current drinkers, %

1,442
48.1
49.9

147.9
64.1
94.7

0.0
22.1

133.1
79.1
66.2
21.7

8.5
3.6

10.1
80

4.6
2.8

29.7
50.6

1,665
42.5†

50.8†

168.9†

59.0†

110.4†

0.0
22.7†

132.8
79.4
65.6
22.1

8.8
3.5
9.1

77.8
6.4＊

2.3
29.1
49.5

1,771
37.0†

51.9†

185.6†

56.5†

128.9†

0.1
23.2†

133
80.1＊

65.8
22.3

9.2
2.7
9.4

79.5
6.2
3.0

26.0†

45.9†

1,475
37.4†

52.4†

203.1†

54.1†

152.4†

0.1
23.7†

134.3
81.4†

61.4†

24.3
11.0＊

3.2
12.4＊

78.2
8.2†

3.4
28.6
44.1†

964
32.8†

53.3†

221.0†

52.4†

173.9†

0.1
24.1†

135.3†

82.7†

58.8†

24.9
12.3†

4.0
10
81.4

7.2＊

2.8
28.6
43.6†

815
31.0†

53.9†

252.4†

49.5†

208.1†

0.5†

24.7†

136.5†

83.4†

55.5†

28.9†

12.7†

2.8
13.9†

78
9.7†

4.8†

32.3
37.4†

Test for difference from persons in lowest category; ＊p＜0.05, †p＜0.01 
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risks of CHD and MI, with a threshold between 120 
mg/dL and 140 mg/dL (Fig.2). The HR was fairly 
flat for non-HDL-cholesterol levels less than 120 
mg/dL. The graph suggests that the risk of CHD and 
MI may start to increase at non-HDL-cholesterol lev-
els between 120 mg/dL and 140 mg/dL.

In the categorical analysis, higher non-HDL-
cholesterol levels were found to be associated with 
increased risks of CHD and MI, with a threshold at 
around 140 mg/dL (Table 2). Adjustment for poten-
tial confounding factors did not alter these associa-
tions materially. The multivariable HR of CHD com-

pared with that for levels of ＜100 mg/dL was 2.49 
(95% confidence interval (95%CI): 1.35 to 4.61) for 
140-159 mg/dL and 3.13 (1.58-6.21) for ≥180 
mg/dL. The respective multivariable HR of MI was 
3.17 (1.40-7.22) and 4.09 (1.64-10.21). These posi-
tive associations were similar for men and women 
with no sex interaction (p=1.00 for total CHD, and 
p=0.70 for MI). These results did not alter after 
exclusion of triglycerides in potential confounding fac-
tors (not shown in the tables). There was no interac-
tion of years at entry (1970s versus 1980s) on an asso-
ciation between non-HDL-cholesterol and CHD risk 
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Fig.2. Multivariable log hazard and multivariable HR for CHD and MI in 
relation to non-HDL-cholesterol levels.

100 mg/dL of non-HDL-cholesterol was selected as a reference for HR. The values of 
the five knots corresponded to 81 mg/dL, 110 mg/dL, 130 mg/dL 152 mg/dL and 
193 mg/dL of non-HDL-cholesterol levels. The p-values for linearity were p=0.0002 
for CHD and p=0.001 for MI. The smoothed histogram shows the distribution of 
non-HDL-cholesterol levels.
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(p for interaction was 0.43).
The associations between non-HDL-cholesterol 

and the risk of CHD were different according to the 
presence of glucose abnormality or HDL-cholesterol 
levels, although gender and other risk factors did not 
affect the associations (Table 3). The multivariable 
HR (95% CI) for ≥180 mg/dL versus ＜100 mg/dL 
of non-HDL-cholesterol was 5.83 (2.48-13.71) for 
persons with normal glucose, 0.53 (0.07-3.91) for 
those with borderline diabetes or diabetes (p for inter-
action=0.04). The corresponding HR was 1.12 
(0.29-4.26) for those with ≥56 mg/dL HDL-choles-
terol, and 5.73 (1.88-17.46) for those with ＜56 
mg/dL HDL-cholesterol (p for interaction=0.002).

Fig.3 supports that the optimal cut-off point 
appears to be around 140 mg/dL non-HDL-choles-
terol. Setting this cut-off point yielded the highest IDI 
for the range between 80 mg/dL and 200 mg/dL of 
non-HDL-cholesterol levels, suggesting a major 
improvement in misclassification with this cut-off 
point. The IDI (95% CI) was highest at non-HDL-
cholesterol 140 mg/dL with a value of 0.0035 
(0.0010-0.0060; p=0.007), mainly due to an increase 
in integrated sensitivity (＋0.0033; p=0.009), but not 
in integrated specificity (＋0.0001; p=0.27). The 
respective multivariable HR (95% CI) was 2.16 (1.51- 
3.11; p＜0.0001) and the largest was 2.19 (1.53-3.14; 
p＜0.0001) for ≥141 mg/dL versus ＜141 mg/dL. We 
also obtained the lowest AIC for a similar level of non-
HDL-cholesterol (141 mg/dL).

Discussion

In the present population-based prospective 
study of Japanese, we observed a statistically signifi-
cant association between non-HDL-cholesterol levels 
and risks of CHD and MI with a threshold around 
140 mg/dL. Non-parametric analysis showed that the 
risk of CHD and MI started to increase around 140 
mg/dL non-HDL-cholesterol. Although the existence 
of a threshold does not always mean that the optimal 
cut-off level should be the same value, the absence of 
an increase in risk below this threshold suggests that 
the optimal cut-off point for Japanese to prevent 
increasing the risk of CHD may be around 140 
mg/dL non-HDL-cholesterol.

This cut-off point resulted in improvement of 
the misclassification of risk prediction. The selection 
of ≥140 mg/dL of non-HDL-cholesterol as the cut-
off point yielded higher values for IDI, suggesting a 
major improvement in misclassification. The model 
fitting AIC was also better for a similar value (141 
mg/dL non-HDL-cholesterol). Although few studies 
have examined the target value for non-HDL-choles-
terol levels, the NCEP Expert Panel has suggested that 
a reasonable goal for non-HDL-cholesterol is 30 
mg/dL higher than the LDL-cholesterol goal11). The 
NCEP Expert Panel suggested that the LDL-choles-
terol goal could be ＜100 mg/dL, so the non-HDL-
cholesterol goal for healthy persons may be ＜130 
mg/dL. Our results constitute additional epidemiologi-
cal evidence for this advice, which suggests that the 

Table 2. Crude incidence rate (per 100,000 person-years), sex- and age-adjusted and multivariable hazard ratio (HR) and 95% 
confidence interval (95%CI) of coronary heart disease (CHD) according to categories of non-HDL-cholesterol

Non-HDL-cholesterol, mg/dL

＜100 100-119 120-139 140-159 160-179 180＋

Persons
Person-years
CHD

No
Crude incidence rate
Sex- and age-adjusted HR
Multivariable HR＊

MI
No
Crude incidence rate
Sex- and age-adjusted HR
Multivariable HR＊

1,442
31,161

17
55
1.0
1.0

9
29
1.0
1.0 

1,665
35,899

24
67

1.32 (0.71-2.45)
1.25 (0.66-2.36)

14
39

1.48 (0.64-3.43)
1.44 (0.61-3.38)

1,771
38,027

21
55

1.09 (0.57-2.07)
1.06 (0.54-2.06)

12
32

1.23 (0.52-2.92)
1.23 (0.50-3.03)

1,475
31,076

42
135

2.79 (1.58-4.91)
2.49 (1.35-4.61)

26
84

3.42 (1.60-7.32)
3.17 (1.40-7.22)

964
20,296

21
103

2.22 (1.16-4.23)
1.81 (0.90-3.63)

11
54

2.34 (0.97-5.68)
2.01 (0.77-5.23)

815
16,566

30
181

3.90 (2.13-7.13)
3.13 (1.58-6.21)

19
115

5.07 (2.27-11.30)
4.09 (1.64-10.21)

＊HR (95%CI) adjusted for age and potential confounding factors.
Potential confounding factors: blood pressure category, antihypertensive medication use, glucose category, BMI category, smoking status, alcohol 
intake category, lipid-lowering medication use, categories of HDL-cholesterol and triglycerides, fasting status, years at entry and study area.
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Table 3. Crude incidence rate (per 100,000 person-years), multivariable hazard ratio (HR)＊ and 95% confidence interval (95%CI) 
of coronary heart disease according to non-HDL-cholesterol levels, stratified by gender and other risk factors

Non-HDL-cholesterol, mg/dL HR per 30 mg/dL
increment

p for
interaction＜100 100-119 120-139 140-159 160-179 180＋

Men
No
Crude incidence rate
Multivariable HR＊

15
103
1.0 

19
130

1.18 (0.59-2.37)

11
81

0.78 (0.34-1.75)

25
225

2.05 (1.00-4.19)

11
172

1.45 (0.62-3.39)

18
370

3.43 (1.53-7.71)

99
152

1.31 (1.10-1.56)

Women
No
Crude incidence rate
Multivariable HR＊

2
12
1.0 

5
24

1.67 (0.32-8.70)

10
41

2.75 (0.59-12.84)

17
85

5.88 (1.31-26.50)

10
72

4.30 (0.90-20.57)

12
103

5.90 (1.23-28.32)

56
52

1.40 (1.15-1.70) 1.00

Non-hypertension
No
Crude incidence rate
Multivariable HR＊

12
57
1.0 

7
29

0.54 (0.21-1.40)

10
41

0.81 (0.34-1.93)

16
86

1.67 (0.75-3.72)

7
61

1.28 (0.47-3.50)

10
123

2.70 (1.02-7.11)

62
58

1.43 (1.14-1.78)

Hypertension§

No
Crude incidence rate
Multivariable HR＊

5
49
1.0 

17
141

2.90 (1.05-8.04)

11
81

1.82 (0.61-5.45)

26
209

4.37 (1.57-12.13)

14
158

3.38 (1.13-10.07)

20
238

5.01 (1.71-14.72)

93
142

1.28 (1.08-1.52) 0.72

Normal glucose
No
Crude incidence rate
Multivariable HR＊

9
36
1.0 

15
54

1.51 (0.65-3.49)

14
47

1.43 (0.60-3.42)

27
112

3.20 (1.43-7.18)

13
78

2.10 (0.84-5.21)

26
201

5.83 (2.48-13.71)

104
76

1.47 (1.26-1.72)

Borderline diabetes/Diabetes
No
Crude incidence rate
Multivariable HR＊

3
136
1.0 

5
171

1.28 (0.26-6.19)

3
90

0.66 (0.12-3.76)

4
115

0.77 (0.15-4.04)

3
159

1.60 (0.25-10.29)

2
88

0.53 (0.07-3.91)

20
124

0.87 (0.58-1.31) 0.04

Non-smoker
No
Crude incidence rate
Multivariable HR＊

10
49
1.0 

10
40

0.80 (0.33-1.95)

9
32

0.63 (0.25-1.59)

23
103

2.04 (0.91-4.55)

10
67

1.14 (0.44-2.92)

14
119

2.17 (0.87-5.41)

76
62

1.30 (1.07-1.57)

Current smoker
No
Crude incidence rate
Multivariable HR＊

7
69
1.0 

13
125

1.73 (0.67-4.43)

11
127

1.77 (0.66-4.78)

15
185

2.44 (0.92-6.49)

10
218

2.81 (0.99-7.96)

15
359

4.93 (1.74-13.97)

71
154

1.36 (1.11-1.67) 0.32

Non-drinker
No
Crude incidence rate
Multivariable HR＊

3
35
1.0 

3
32

1.11 (0.22-5.72)

9
72

2.15 (0.53-8.68)

10
94

2.65 (0.65-10.71)

7
99

2.26 (0.53-9.69)

9
135

2.99 (0.71-12.62)

41
75

1.26 (0.99-1.62)

Current drinker
No
Crude incidence rate
Multivariable HR＊

13
106
1.0 

16
139

1.21 (0.57-2.57)

6
60

0.52 (0.19-1.42)

16
194

1.65 (0.73-3.71)

6
130

1.16 (0.41-3.29)

9
308

3.02 (1.11-8.22)

66
133

1.22 (0.96-1.54) 0.96

BMI ＜23.0 kg/m2¶

No
Crude incidence rate
Multivariable HR＊

12
60
1.0 

16
79

1.34 (0.62-2.88)

13
69

1.28 (0.56-2.92)

13
95

1.77 (0.77-4.10)

8
105

1.76 (0.68-4.58)

8
163

2.75 (1.02-7.41)

70
82

1.24 (1.01-1.53)

BMI ≥23.0 kg/m2¶

No
Crude incidence rate
Multivariable HR＊

4
38
1.0 

8
52

1.31 (0.39-4.43)

7
37

0.96 (0.27-3.36)

29
170

3.67 (1.23-11.02)

12
96

2.09 (0.64-6.84)

21
183

4.18 (1.32-13.27)

81
94

1.40 (1.16-1.68) 0.41
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optimal cut-off point may be around 140 mg/dL non-
HDL-cholesterol for the general Japanese population.

Our result does not mean that all persons with 
≥140 mg/dL non-HDL-cholesterol should become 
clinical or public health targets for interventions, 
because our findings were not derived from an inter-
vention study. Approximately 40% of our study popu-
lation had ≥140 mg/dL non-HDL-cholesterol. There-
fore, further stratification of persons with ≥140 
mg/dL non-HDL-cholesterol into several groups (e.g. 
mild, moderate and severe hypercholesterolemia) is 
needed on the basis of the results of intervention stud-
ies. In fact, non-HDL-cholesterol diagnostic criteria 
for healthy persons may be as high as ≥170 mg/dL 
(only 15% of the population in our study), suggested 
in the Japan Atherosclerosis Society’s guidelines13). 
Clinical or public health priorities and associated 
strategies for interventions should be selected accord-
ing to the efficacy, efficiency and total cost determined 

by clinical and community intervention studies.
Our findings were based on populations from 

1975 to 1987, which had lower non-HDL-cholesterol 
levels and lower incidences of CHD than those in 
recent years. The situation has been changing among 
Japanese populations: the mean values of total choles-
terol levels and the incidence rate of CHD among 
middle-aged men in an urban area have increased in 
the past half century23). In fact, more recent popula-
tion-based cohort studies showed higher means of 
non-HDL-cholesterol levels8-10); however, these recent 
studies might not have examined lower cutoff-points 
of non-HDL-cholesterol sufficiently compared to our 
study, probably due to a smaller population with a low 
non-HDL-cholesterol level. In other words, the 
strength of the present study is that we could analyze 
the relationship between incident CHD and a lower 
level of non-HDL-cholesterol than recent cohort stud-
ies; therefore, our result suggesting that there was no 

Non-HDL-cholesterol, mg/dL HR per 30 mg/dL
increment

p for
interaction＜100 100-119 120-139 140-159 160-179 180＋

(Cont Table 3)

HDL-cholesterol ≥56 mg/dL¶

No
Crude incidence rate
Multivariable HR＊

13
59
1.0 

18
85

1.49 (0.72-3.10)

12
61

1.12 (0.50-2.54)

15
115

2.16 (0.98-4.78)

4
53

0.92 (0.29-3.00)

3
64

1.12 (0.29-4.26)

65
74

1.04 (0.82-1.31)

HDL-cholesterol ＜56 mg/dL¶

No
Crude incidence rate
Multivariable HR＊

4
44
1.0 

6
41

0.90 (0.25-3.22)

9
49

1.27 (0.38-4.19)

27
149

3.46 (1.17-10.21)

17
133

2.96 (0.95-9.17)

27
227

5.73 (1.88-17.46)

90
106

1.55 (1.32-1.81) 0.002 

Triglycerides ＜114 mg/dL¶

No
Crude incidence rate
Multivariable HR＊

13
57
1.0 

13
58

1.19 (0.54-2.61)

8
41

1.10 (0.44-2.72)

13
109

2.72 (1.19-6.22)

5
78

1.96 (0.67-5.77)

3
89

3.02 (0.80-11.46)

55
64

1.46 (1.13-1.88)

Triglycerides ≥114 mg/dL¶

No
Crude incidence rate
Multivariable HR＊

4
49
1.0 

11
82

1.61 (0.51-5.10)

13
70

1.51 (0.48-4.71)

29
151

3.34 (1.14-9.77)

16
115

2.39 (0.77-7.42)

27
205

4.28 (1.43-12.86)

100
116

1.31 (1.12-1.53) 0.96 

Fasting ( ≥8 hours after last meal)
No
Crude incidence rate
Multivariable HR＊

6
78
1.0 

7
90

1.45 (0.47-4.47)

4
53

0.85 (0.23-3.17)

12
176

2.78 (0.92-8.41)

5
98

1.89 (0.51-6.91)

10
213

3.72 (1.10-12.59)

44
111

1.37 (1.05-1.78)

Non-fasting  (＜8 hours  after last meal)

No
Crude incidence rate
Multivariable HR＊

11
47
1.0 

17
60

1.29 (0.59-2.82)

17
56

1.22 (0.55-2.70)

30
124

2.50 (1.18-5.30)

16
105

2.00 (0.86-4.62)

20
168

3.55 (1.53-8.23)

111
83

1.36 (1.16-1.59) 0.40 

＊HR (95%CI) adjusted for gender, age and potential confounding factors.
＊＊Incidence rate per 100,000 person-years
§Hypertensive was defined as systolic blood pressure ≥140 and/or diastolic blood pressure ≥90 and/or as use of medication for hypertension.
¶Median value was used for cut-off point.
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cut-off point below 140 mg/dL non-HDL-cholesterol 
levels would not be rejected in recent populations.

We observed statistical interactions of glucose 
abnormality and HDL-cholesterol levels in the associ-
ation between non-HDL-cholesterol and the risk of 

CHD. The association between higher non-HDL-
cholesterol and an increased risk of CHD was 
observed for persons with normal glucose and low 
HDL-cholesterol levels, but not for cases of borderline 
diabetes or diabetes and high HDL-cholesterol levels. 
Our findings suggest that the effect of non-HDL-cho-
lesterol on the risk of CHD may be affected by other 
metabolic risk factors; however, these interactions 
remain an issue for further investigation because a pre-
vious Japanese study on CHD mortality showed dif-
ferent interactions: persons with diabetes showed a 
stronger association between non-HDL-cholesterol 
and CHD death than those with normal glucose, 
whereas no interaction with HDL-cholesterol was 
observed9).

Another strength of our study is that we used 
lipid measurement values standardized in a single lab-
oratory, which in turn was standardized by the CDC-
NHLBI Lipid Standardized Program14, 16). This justi-
fies our assumption that the misclassification bias due 
to errors in lipid measurement has been sufficiently 
reduced, and that the resultant accuracy of lipid mea-
surements is comparable with that of the results of 
previous well-standardized studies.

A limitation of the current study is the relatively 
small number of incident cases, which leads to wide 
confidence intervals of HR on the association between 
non-HDL-cholesterol levels and risk of CHD. Sec-
ond, the cut-off point in our observational study (i.e. 
for prediction) may be different from in intervention 
studies (i.e. for intervention). Namely, we found the 
optimal cut-off point for prediction of CHD, but did 
not examine the beneficial effects after lowering non-
HDL-cholesterol levels below it. In order to clarify the 
ideal cut-off point for lowering non-HDL-cholesterol 
levels in clinical practice, further interventional studies 
are needed. Third, we did not compare the predictive 
ability for CHD incidence between non-HDL-choles-
terol and other lipid measurements in this study. This 
should be further examined to clarify whether non-
HDL-cholesterol is not inferior to using total choles-
terol, HDL-cholesterol, and triglyceride for the pre-
diction of CHD events.

In conclusion, our cohort study provides epide-
miological evidence that higher concentrations of 
non-HDL-cholesterol were associated with an 
increased risk of CHD with a threshold around 140 
mg/dL, suggesting that the optimal cut-off point for 
healthy Japanese people to prevent increasing the risk 
of CHD might be around 140 mg/dL. Intervention 
studies are needed to stratify the population with ≥140 
mg/dL non-HDL-cholesterol to determine clinical and 
public health priorities and their associated strategies.

Fig.3. Cut-off point for non-HDL-cholesterol and integrated 
discrimination improvement (IDI) of CHD, Akaike’s 
Information Criteria (AIC) and multivariable HR.

Setting the cut-off point at ≥140 mg/dL of non-HDL-cholesterol 
yielded the highest IDI (95%CI): 0.0035 (0.0010 to 0.0060; 
p=0.007. Selection of ≥141 mg/dL non-HDL-cholesterol as the 
cut-off point resulted in the lowest AIC. The multivariable HR 
(95% CI) was 2.16 (1.51-3.11; p＜0.0001) for ≥140 mg/dL ver-
sus ＜140 mg/dL, and 2.19 (1.53-3.14; p＜0.0001) for ≥141 
mg/dL versus ＜141 mg/dL.
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