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Original Article

Aim: Recent studies have suggested that non-high-density lipoprotein cholesterol (non-HDL-C) may be a good 
marker of coronary heart disease and cardiovascular disease risk. Therefore, we investigated the relationship between 
cardiorespiratory fitness (CRF) and non-HDL-C.

Methods: We evaluated CRF and the incidence of high level of non-HDL-C in 4,067 Japanese men without 
dyslipidemia. The participants were given a submaximal exercise test, a medical examination, and questionnaires 
on their health habits in 1986. A cycle ergometer was used to measure the CRF and maximal oxygen uptake was 
estimated. The incidence of a high level of non-HDL -C (≥170 mg/dL) from 1986 to 2006 was ascertained 
based on the fasting blood levels. A high level of non-HDL-C was found in 1,482 participants during the follow-
up. Cox proportional hazard models were used to obtain the hazard ratios (HRs) and 95% confidence intervals 
(CIs) for the incidence of a high level of non-HDL-C.

Results: Following age adjustment, and using the lowest CRF group (quartile Ⅰ) as reference, the HRs and 95% 
CIs for quartiles Ⅱ through Ⅳ were: 1.00 (95% CI: 0.87–1.15), 0.87 (95% CI: 0.76–1.00), and 0.70 (95% CI: 
0.60–0.81), respectively (P for trend ＜0.001). After additional adjustment for body mass index, systolic blood 
pressure, smoking, alcohol intake, and family history of dyslipidemia, the HRs and 95% CIs were: 1.05 (95% 
CI: 0.92–1.21), 0.94 (95% CI: 0.81–1.08), and 0.79 (95% CI: 0.67–0.92), respectively (P for trend=0.001).

Conclusions: These results suggest that there is an inverse relationship between CRF levels and the incidence of 
a high level of non-HDL-C in Japanese men.

els, such as total cholesterol (TC)1), high-density lipo-
protein cholesterol (HDL-C)2), low-density lipoprotein 
cholesterol (LDL-C)3, 4), and non-high-density lipo-

Introduction

Epidemiological studies show that serum lipid lev-
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This company conducts health examinations and exer-
cise tests annually to maintain the health of employees 
in accordance with the Japanese Industrial Safety and 
Health Law and related laws.

The study cohort included 9,221 men who under-
went annual health examinations and exercise tests 
between April 1986 and March 2006. To conduct appro-
priate analyses, the exclusion criteria included not hav-
ing a blood test performed (n=385) and a diagnosis of 
dyslipidemia already reported at the baseline (n=3,909), 
as defined by the diagnostic criteria of the Japan Ath-
erosclerosis Society18, 19) (i.e., HDL-C ＜40 mg/dL, 
LDL-C ≥140 mg/dL, triglyceride (TG) ≥150 mg/dL, 
or non-HDL-C ≥170 mg/dL). Furthermore, individ-
uals for whom CRF levels could not be accurately mea-
sured because of their inability to carry out the exer-
cise test for at least 4 min because of abnormal find-
ings on their electrocardiogram (ECG) or their poor 
physical condition were excluded (n=12). Women were 
also excluded because of their small number (n=487). 
Of the remaining 4,428 participants, another 282 with 
missing data on potential confounders were excluded. 
Finally, an individual who underwent only one blood 
test during the follow-up was excluded (n=79). The 
final cohort consisted of 4,067 men aged 19 to 60 
years who were followed up till 2006.

The Research Ethics Committee of the National 
Institutes of Biomedical Innovation, Health and Nutri-
tion approved this study (20120821-02, August 21 2012).

Baseline Examination
The height, body weight, and blood pressure at 

rest of all the participants were measured during health 
examinations conducted in 1986. A scale was used to 
measure the body weight with the participants in light 
clothing and with shoes removed. The body mass index 
(BMI) was calculated as the weight in kilograms divided 
by the square of the height in meters. Blood pressure 
at rest was measured using an automated sphygmoma-
nometer with the participants seated in a chair. The 
participants aged 35 to 40 years underwent blood test-
ing between 1986 and 1993. In 1994 and after, blood 
tests were conducted on the participants aged 25, 30, 
35, and ≥40 years. All the participants were instructed 
to fast for 12 h prior to blood testing. The results of 
the blood test in the first year were used as the base-
line values. Standard laboratory procedures were used 
to measure the levels of TC, HDL-C, TG, and glu-
cose. Enzymatic methods were used to measure the 
concentration of lipids and glucose. The non-HDL-C 
levels were calculated by subtracting HDL-C from TC. 
The Friedewald equation was used to calculate the lev-
els of LDL-C20). Furthermore, a self-administered ques-
tionnaire was used to collect information on potential 

protein cholesterol (non-HDL-C)2, 5), predict the risks 
of developing coronary heart disease (CHD) and car-
diovascular disease (CVD). Non-HDL-C refers to TC 
minus HDL-C, and includes cholesterol of potentially 
atherogenic lipoprotein particles such as LDL. Further-
more, non-HDL cholesterol includes cholesterol of tri-
glyceride-rich lipoproteins (e.g., chylomicron, very-low-
density lipoprotein) and that of remnants which are 
known to promote the development of atherosclerosis; 
thus, it represents atherogenic lipoprotein profiles that 
cannot be measured solely as LDL-C2). Recent studies 
have suggested that the use of non-HDL-C may be 
superior to that of LDL-C in predicting the risk of 
developing CHD2, 6, 7). Thus, the adequate control of 
non-HDL-C may be critical to prevent the develop-
ment of dyslipidemia, a risk factor of atherosclerotic 
diseases.

Many randomized controlled trials (RCTs) have 
examined the association between aerobic exercise (AE) 
and the serum lipid profile, and several review studies 
have performed the meta-analyses of the RCT reported 
in the literature. Some of the meta-analyses of studies 
examining TC and HDL-C in relation to AE have 
demonstrated that AE lowers TC and increases HDL-
C8, 9). However, other review studies performed meta-
analyses and demonstrated that AE does not have a 
clear influence on TC or HDL-C10-12). Thus, there is 
no consensus on how AE influences TC or HDL-C. 
Similarly, two studies that performed meta-analyses of 
RCTs examining the association between AE and non-
HDL-C reported inconsistent results13, 14). A meta-anal-
ysis examining the relationship between the levels of 
non-HDL-C and walking, a moderate intensity AE, 
reported that AE lowers non-HDL-C levels13). On the 
other hand, another meta-analysis of RCT investigat-
ing the influence of AE and diet on non-HDL-C lev-
els indicated that there is no significant correlation be-
tween the levels of non-HDL-C and AE alone14). There 
is also no consensus on the relationship between AE 
and non-HDL-C. Thus, further evidence is required 
to determine whether AE can prevent a high level of 
non-HDL-C. Therefore, we used a cohort study in Jap-
anese men to examine the relationship between the in-
cidence of a high level of non-HDL-C and AE, using 
cardiorespiratory fitness (CRF) as an objective indica-
tor of AE15).

Methods

Study Participants
The aim of this prospective cohort analysis16, 17) 

was to assess the relationship between CRF levels and 
health outcomes of Japanese men who are employees 
of a natural gas company in the Tokyo area in Japan. 
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pressure, smoking habit, alcohol intake, and family his-
tory of dyslipidemia. Next, multivariable adjusted haz-
ard ratios (HRs) adjusted for other potential confound-
ers and 95% confidence intervals (CI) were calculated.

Further analyses were performed to examine the 
relationship between the level of CRF and the inci-
dence of a high level of non-HDL-C with the pres-
ence or absence of a high level of non-HDL-C as the 
dependent variable and CRF categories (quartiles) as 
the independent variables. Then, the age-adjusted HRs 
and 95% CIs were calculated. The multivariable adjusted 
HRs and 95% CIs were calculated further adjusting 
for the potential confounders of BMI (continuous vari-
able), systolic blood pressure (continuous variable), 
smoking habit (3 categories), alcohol intake (3 catego-
ries), and family history of dyslipidemia (yes, no) at 
the baseline. To assess whether the proportional hazard 
hypothesis was valid, a log-minus-log plot was visually 
checked.

Furthermore, the relationship between the level of 
CRF and the incidence of a high level of non-HDL-C 
was assessed by sensitivity analysis with a high level of 
non-HDL-C defined as a non-HDL-C of ≥140 mg/
dL. In addition, A sensitivity analysis that excluded 
populations who developed a high level of non-HDL-
C within 2 years of starting follow-up was performed, 
because it is also possible that dyslipidemia already 
present at the baseline affected the values of the base-
line CRF. Furthermore, we divided the participants into 
two groups of over 40 and under 40 years, and ana-
lyzed them. Finally, the presence of a potential effect 
modification was verified by including potential con-
founders of CRF, such as age, BMI, systolic blood 
pressure, alcohol intake, smoking habit, and family his-
tory of dyslipidemia, into the model to verify the pres-
ence of interactions.

SPSS Statistics version 23 (IBM-SPSS, Inc., Chi-
cago, IL, USA) was used to perform all the statistical 
analyses. A two-tailed probability value of ＜0.05 was 
considered statistically significant.

Results

The mean age of the participants at the time of 
starting the follow-up was 36.8 (SD: 9.8) years. Dur-
ing the follow-up period of 48,300 man-years (median, 
13 years; maximum, 20 years), high levels of non-
HDL-C was observed in 1,482 participants (incidence 
of 30.7 cases per 1,000 man-years).

Table 1 shows the physical characteristics and 
lifestyle habits at the baseline in the four groups by the 
CRF categories. A higher CRF level tended to be asso-
ciated with a lower BMI, systolic blood pressure, dia-
stolic blood pressure, smoking habit, and the baseline 

confounders related to CRF and non-HDL-C, includ-
ing alcohol intake (non-drinker, 1 –45 g/day, ≥46 g/
day), smoking habit (non-smoker, 1 to 20 cigarettes/
day, ≥21 cigarettes/day), and family history of dyslip-
idemia (yes, no). Family history of dyslipidemia was 
determined by a positive response at least once in the 
questionnaires completed during annual health exami-
nations conducted between 1986 and 2006.

Assessment of Cardiorespiratory Fitness
A submaximal exercise test on a cycle ergometer 

(Monark Exercise AB, Vansbro, Sweden) was used to 
measure the estimated maximal oxygen uptake, an index 
of CRF. The exercise test was composed of a maxi-
mum of three steps, each lasting 4 min, with increased 
resistance in each step. The loads for the participants 
in the 19 to 29, 30 to 39, 40 to 49, and 50 to 60 year 
age groups were 98, 86, 74, and 61 W, respectively. 
The heart rate was measured based on the R-R inter-
val on an ECG. The target heart rate was set as 85% 
of the maximum heart rate estimated according to the 
220 minus age (years). The exercise test was interrupted 
when abnormal ECG findings occurred or when the 
participants indicated that they did not feel well dur-
ing the test. The maximum oxygen uptake was esti-
mated using the Åstrand-Ryhming nomogram21) and 
Åstrand age-correction factors22).

Determination of a High Level of Non-HDL-C
We used fasting blood levels to diagnose high lev-

els of non-HDL-C based on the Japan Atherosclerosis 
Society published in 2012 (non-HDL-C of ≥170 mg/
dL)18, 19). Follow-up was discontinued for participants 
confirmed to have started dyslipidemia treatment before 
the incidence of a high level of non-HDL-C in the 
self-administered questionnaires at health examinations 
between 1986 and 2006.

Statistical Analysis
The participants were categorized into quartiles 

by age group (≤24, 25 to 29, 30 to 34, 35 to 39, 40 
to 44, 45 to 49, and ≥50 years) based on CRF, and 
these were then combined into four groups (Q1, Q2, 
Q3, Q4) to compare physical characteristics at the base-
line (1986). The continuous variables are expressed as 
mean, standard deviation (SD) and categorical variable 
are expressed as percentages, respectively. We performed 
an analysis of variance to compare multiple group means.

Then, Cox proportional hazards model analysis 
was performed with the presence or absence of a high 
level of non-HDL-C as the dependent variable and each 
potential confounder as independent variables to assess 
the relationship between a high level of non-HDL-C 
and the potential confounders of BMI, systolic blood 
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pected, further adjustment for HDL-C and TG at the 
baseline examination substantially attenuated the HRs. 
The multivariable hazard ratio was Q1=1.00, Q2=1.06 
(95% IC, 0.92-1.22), Q3=1.01 (95% IC, 0.99-1.14), 
Q4=0.86 (95% IC, 0.73-1.00), (p for trend=0.040). 
HDL-C and TG are likely to be intermediate factors 
for CRF; thus, this result may not indicate the effect 
of CRF accurately. Furthermore, the optimal manage-
ment goal of non-HDL-C has been discussed23-25); the 
same results as those in the main analysis were obtained 
by sensitivity analysis that examined the relationship 
between CRF levels and the incidence of a high level 
of non-HDL-C defined as a non-HDL-C level of ≥140 
mg/dL, instead of ≥170 mg/dL (p＜0.001) (Supple-
mentary Table 1). The same results as those in the main 
analysis were obtained by sensitivity analysis that ex-
cluded the participants with a high level of non-HDL-
C within 2 years of the baseline (p=0.014) (Supple-
mentary Table 2). In addition, for the analysis in which 
the age of the participants was divided into two groups, 
the same results as the main analysis were attained 
(Supplementary Table 3). Finally, no significant in-
teractions were observed between the CRF levels and 
age, BMI, systolic blood pressure, alcohol intake, smok-

lipid levels. However, there were no clear differences 
in the alcohol intake or family history of dyslipidemia 
among the CRF categories.

Table 2 shows the adjusted multivariable HRs 
adjusted for incidence of a high level of non-HDL-C 
and 95% CIs assessed by potential confounders. There 
was a positive dose-response relationship between the 
incidence of a high level of non-HDL-C and BMI and 
a negative dose-response relationship with the amount 
of alcohol consumed. The participants with a family 
history of dyslipidemia had higher HRs for the inci-
dence of a high level of non-HDL-C. In contrast, there 
was no clear relationship between the incidence of a 
high level of non-HDL-C and age, systolic blood pres-
sure, or smoking habit.

Table 3 shows the multivariable adjusted HRs 
and 95% CIs of the incidence of high levels of non-
HDL-C by CRF levels categorized by quartile. There 
was a significant negative dose-response relationship 
between the adjusted multivariable HRs of Q2, Q3, 
and Q4 CRF based on Q1. We further adjusted for 
HDL-C and TG because the baseline lipid levels were 
different between the CRF categories.

Thus, we adjusted HDL-C and TG. As we ex-

Table 1. Age-adjusted baseline characteristics and lifestyle habits at the baseline

Variable All participants
Quartiles of age-adjusted baseline cardiorespiratory fitness levels

Q1 (Lowest) Q2 Q3 Q4 (Highest) p value

VO2max, mL/kg/min
Number of participants
Age, years
Body mass index, kg/m2

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Total cholesterol, mg/dL
High-density lipoprotein cholesterol, mg/dL
Low-density lipoprotein cholesterol, mg/dL
Non-high-density lipoprotein cholesterol, mg/dL
Triglyceride, mg/dL
Fasting blood glucose, mg/dL
Smoking status, %

None
1-20 cigarettes /day
≥21 cigarettes /day

Alcohol intake, %
None
1-45 g/day
≥46 g/day

Family history of dyslipidemia, %

40.7±8.6
4,067

36.8±9.8
22.5±2.4

127.0±13.0
72.8±8.7

178.4±23.6
58.6±12.4

102.3±21.2
119.7±23.0

87.2±28.7
93.4±11.8

39.3
35.7
24.9

29.2
65.7

5.1
2.9

31.8±4.5
995

36.8±9.9
23.3±2.7

130.7±13.5
75.5±9.0

180.3±22.8
57.3±12.4

104.4±20.7
123.0±22.3

92.9±28.1
94.3±11.8

35.8
36.3
27.9

29.4
63.9

6.6
2.9

37.6±3.9
1,011

36.6±9.6
22.6±2.4

127.6±12.2
73.2±8.2

179.2±22.8
57.3±11.7

103.9±20.3
121.9±22.2

89.8±29.2
94.0±12.6

37.2
35.2
27.6

29.5
65.2

5.3
3.2

42.4±4.4
1,064

37.0±9.9
22.3±2.3

126.0±12.6
72.1±8.5

178.7±23.2
59.1±12.6

102.4±21.2
119.6±22.8

85.8±28.0
93.4±11.5

40.8
35.4
23.8

28.8
67.0

4.2
2.3

51.1±6.9
997

36.7±9.8
21.7±2.0

123.9±12.9
70.6±8.3

175.2±25.2
60.7±12.7
98.4±22.1

114.5±23.8
80.4±28.0
92.0±11.4

43.5
36.0
20.5

29.1
66.6

4.3
3.2

＜0.001

0.831
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

0.001

Data are the means±SD or percentages.
VO2max, maximal oxygen uptake
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ship between the intensity of exercise and levels of 
non-HDL-C reduction. In agreement with this study, 
we demonstrated a significant inverse dose-response 
relationship between CRF and the incidence of a high 
level of non-HDL-C. Collectively, these results sug-
gest that moderate intensity AE such as walking may 
prevent a high level of non-HDL-C, and that AE at a 
higher intensity may be more effective for its preven-
tion. However, another study by Kelly et al.14), involv-
ing a meta-analysis of 6 RCTs that examined the asso-
ciation between the levels of non-HDL-C and either 
AE, diet, or their combination, demonstrated that AE 
alone does not reduce the levels of non-HDL-C. The 
result may have been influenced by the fact that the 
study participants in the “AE alone” group for each 
RCT included those with lower non-HDL-C levels at 
the baseline compared with those in the “diet alone” 
and “diet＋AE” groups. Thus, further studies are war-
ranted to determine whether AE can prevent a high 
level of non-HDL-C.

A few plausible mechanisms may explain the results 
of the present study. First, physical activity activates 
AMP-activated protein kinase in the skeletal muscle 
and promotes the expression of lipoprotein lipase (LPL), 
an enzyme degrading TG into free fatty acids and glyc-
erol by increasing PPARγ1 levels27). Accordingly, the 
increase in LPL activity following exercise increases the 

ing habit, or family history of dyslipidemia (all p≥0.10).

Discussion

In the present study, we examined the association 
between CRF, an indicator of AE15), and the incidence 
of a high level of non-HDL-C in a cohort of Japanese 
men who were followed for a period of 13 years (me-
dian). Our results demonstrated that Japanese men with 
a high CRF level at the baseline had a lower incidence 
rate of a high level of non-HDL-C. This suggests that 
habitual AE may reduce the risk of having a high level 
of non-HDL-C.

To our knowledge, no study has investigated the 
association between CRF and the incidence of a high 
level of non-HDL-C. However, many RCTs have inves-
tigated the effect of AE on the serum lipid profile, and 
these studies have been examined collectively in meta-
analyses. Kelly et al.13) reviewed 22 RCTs that examined 
the influence of walking, a moderate intensity AE, on 
the levels of TC and HDL-C, and demonstrated that 
AE reduces non-HDL-C levels by 4%. This study sug-
gests that moderate intensity AE may prevent a high 
level of non-HDL-C. An RCT by O’Donovan et al.26) 
investigated the effect of moderate and high-intensity 
AE on the levels of non-HDL-C in sedentary men, 
and demonstrated a significant dose-response relation-

Table 2. Multivariable adjusted hazard ratios for incidence of a high level of non-HDL-C by potential risk factors

Potential risk factors Participants Number of cases Incidence rate§ Hazard ratio (95% CI) p value

Age (single year)
Body mass index

1st tertile (Low)
2nd tertile (Middle)
3rd tertile (High)

Sytolic blood pressure
＜140 mmHg
≥140 mmHg

Smoking status
None
1-20 cigarettes/day
≥21 cigarettes/day

Alcohol intake
None
1-45 g/day
≥46 g/day

Family history of dyslipidemia
No
Yes

4.067

1.362
1.357
1.348

3.474
593

1.600
1.453
1.014

1.187
2.672
208

3.949
118

1.482

412
498
572

1.264
218

592
506
384

440
971

71

1.412
70

30.7

23.4
30.4
39.9

29.9
35.9

32.0
28.7
31.6

30.7
30.8
28.8

30.1
53.3

1.01 (1.00–1.01)

1.00 (Reference)
1.27 (1.11–1.45)
1.58 (1.38–1.80)

1.00 (Reference)
1.06 (0.92–1.23)

1.00 (Reference)
0.96 (0.85–1.09)
1.02 (0.90–1.16)

1.00 (Reference)
0.95 (0.85–1.07)
0.84 (0.65–1.08)

1.00 (Reference)
1.85 (1.45–2.35)

0.015

－

＜0.001
＜0.001

－

0.425

－

0.524
0.754

－

0.424
0.173

－

＜0.001

CI, confidence interval
Adjusted for cardiorespiratory fitness level and all items in the table.
§Incidence rate is presented in cases per 1,000 man-years of observation.
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the importance of evaluating CRF to reduce the risks 
of developing various diseases related to non-HDL-C, 
including dyslipidemia. While there have been RCTs 
examining the influence of AE on TC, HDL-C, and 
non-HDL-C levels, RCTs have been criticized for their 
low external validity in spite of the high internal valid-
ity. The present study is observational in nature and 
enrolled a large number of participants; thus, while the 
study design is less rigorous than an RCT is, the results 
may be more generalizable.

However, the present study has some limitations. 
First, the CRF in this study is an indirect measurement 
of maximum oxygen uptake, and may be less accurate 
than a direct measurement of maximum oxygen uptake. 
However, the method used in the present study, which 
relies on the estimation of the maximum oxygen uptake, 
has been validated as being highly correlated with the 
direct measurement of CRF33, 34). Second, we only mea-
sured CRF once at the baseline. However, the change 
in CRF during the follow-up period tends to introduce 
regression dilution bias; thus, the results of the present 
study may in fact be an underestimation, which does 
not reduce the internal validity. Third, we did not have 
information on diet, which influences lipid levels; there-
fore, residual confounding by diet may be present. 
Fourth, the lack of data on insulin resistance and gly-
cemic markers may have biased the results through the 
potential effects on non-HDL-C. Furthermore, the par-
ticipants were only men, limiting the generalizability 
of this study but not its validity. Last, the study partic-
ipants were restricted to those who resided in the Tokyo 
area and who were working at a particular company. 
Therefore, they may not be representative of Japanese 
men. In spite of this limitation, the participants had 
various roles within the company, suggesting that they 
could represent Japanese men to a certain extent. How-
ever, further studies are needed to validate the results 

rate of TG clearance, resulting in decreased TG levels28). 
The activation of LPL as, described above, causes TG-
rich lipoprotein levels to decrease since LPL hydro-
lyzes TG in TG-rich lipoprotein particles29). Second, 
the increase in glucose transporter 4 associated with 
physical activity may reinforce insulin sensitivity30). 
Increased insulin sensitivity leads to decreased hepatic 
very-low-density lipoprotein (VLDL) and Apo B secre-
tion, as well as decreased free fatty acids in the liver28). 
In addition, increased insulin sensitivity suppresses the 
exchange reaction between TG and cholesterol ester in 
HDL particles by cholesteryl ester transfer protein and 
TG-rich lipoprotein particles (VLDL particles, LDL par-
ticles). Therefore, VLDL, LDL, and small dense LDL 
decrease28). Furthermore, exercise reduces the expression 
of lipoprotein convertase subtilisin/kexin type 9, result-
ing in increased clearance of LDL-C and thus decreased 
LDL-C31). Third, increased insulin sensitivity elevates 
Lecithin cholesterol acyltransferase activity, suppresses 
cholesteryl ester transfer protein activity, and reduces 
hepatic triglyceride lipase activity, resulting in increased 
HDL2 and decreased HDL3

28). Additionally, LPL acti-
vation leads to increased transport of lipids and lipo-
proteins into peripheral circulation and the hepatic tis-
sues, resulting in increased HDL-C levels. As a result of 
these mechanisms, high non-HDL-C values may have 
occurred less frequently in the high CRF group in this 
study compared to in the group exhibiting low CRF.

To our knowledge, this is the first study describ-
ing the association between non-HDL-C levels and 
CRF, an objective indicator of AE and an important 
measure of cardiorespiratory capacity of an individual 
at a given degree of fitness and oxygen availability32). 
We focused on non-HDL-C as the primary outcome; 
since it is not influenced by the level of triglycerides, it 
is considered a predictive indicator of CHD2). There-
fore, our study provides novel evidence to highlight 

Table 3. Multivariable adjusted hazard ratios for incidence of a high level of non-HDL-C according to cardiorespiratory fitness levels

Quartiles of age-adjusted baseline cardiorespiratory fitness levels
p value for trend

Q1 (Lowest) Q2 Q3 Q4 (Highest)

Number of participants
Number of cases
Incidence rate§

Model 1 hazard ratio (95% CI)
Model 2 hazard ratio (95% CI)
Model 3 hazard ratio (95% CI)

995
390
34.5

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

1.011
404
34.5

1.00 (0.87–1.15)
1.01 (0.88–1.16)
1.05 (0.92–1.21)

1.064
384
30.2

0.87 (0.76–1.00)
0.89 (0.77–1.03)
0.94 (0.81–1.08)

997
304
24.2

0.70 (0.60–0.81)
0.72 (0.62–0.84)
0.79 (0.67–0.92)

＜0.001
＜0.001

0.001

CI, confidence interval
Model 1: adjusted for age.
Model 2: Model 1 plus systolic blood pressure, smoking status, alcohol intake, and family history of dyslipidemia.
Model 3: Model 2 plus body mass index.
§Incidence rate is presented in cases per 1,000 man-years of observation.
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6) Emerging Risk Factors Collaboration, Di Angelantonio E, 
Sarwar N, Perry P, Kaptoge S, Ray KK, Thompson A, 
Wood AM, Lewington S, Sattar N, Packard CJ, Collins R, 
Thompson SG, Danesh J: Major lipids, apolipoproteins, 
and risk of vascular disease. JAMA, 2009; 302: 1993-2000

7) Moriyama K, Takahashi E. Non-HDL Cholesterol is a 
More Superior Predictor of Small-Dense LDL Cholesterol 
than LDL Cholesterol in Japanese Subjects with TG Lev-
els ＜400 mg/dL. J Atheroscler Thromb. 2016; 23: 1126-
1137

8) Kelley GA, Kelley KS: Aerobic exercise and lipids and 
lipoproteins in men: a meta-analysis of randomized con-
trolled trials. J Mens Health Gend, 2006; 3: 61-70

9) Kodama S, Tanaka S, Saito K, Shu M, Sone Y, Onitake F, 
Suzuki E, Shimano H, Yamamoto S, Kondo K, Ohashi Y, 
Yamada N, Sone H: Effect of aerobic exercise training on 
serum levels of high-density lipoprotein cholesterol: a meta-
analysis. Arch Intern Med, 2007; 167: 999-1008

10) Kelley GA, Kelley KS, Tran ZV. Walking, lipids, and lipo-
proteins: a meta-analysis of randomized controlled trials. 
Prev Med, 2004; 38: 651-661

11) Kelley GA, Kelley KS, Vu Tran Z: Aerobic exercise, lipids 
and lipoproteins in overweight and obese adults: a meta-
analysis of randomized controlled trials. Int J Obes (Lond), 
2005; 29: 881-893

12) Kelley GA, Kelley KS, Roberts S, Haskell W: Comparison 
of aerobic exercise, diet or both on lipids and lipoproteins 
in adults: a meta-analysis of randomized controlled trials. 
Clin Nutr, 2012; 31: 156-167

13) Kelley GA, Kelley KS, Tran ZV: Walking and Non-HDL-
C in adults: a meta-analysis of randomized controlled tri-
als. Prev Cardiol, 2005; 8: 102-107

14) Kelley GA, Kelley KS: Effects of Diet, Aerobic Exercise, 
or Both on Non-HDL-C in Adults: A Meta-Analysis of 
Randomized Controlled Trials. Cholesterol, 2012; 2012: 
840935

15) Ross R, Blair SN, Arena R, Church TS, Després JP, Frank-
lin BA, Haskell WL, Kaminsky LA, Levine BD, Lavie CJ, 
Myers J, Niebauer J, Sallis R, Sawada SS, Sui X, Wisløff 
U, American Heart Association Physical Activity Com-
mittee of the Council on Lifestyle and Cardiometabolic 
Health, Council on Clinical Cardiology, Council on Epi-
demiology and Prevention, Council on Cardiovascular and 
Stroke Nursing, Council on Functional Genomics and 
Translational Biology, Stroke Council: Importance of Assess-
ing Cardiorespiratory Fitness in Clinical Practice: A Case 
for Fitness as a Clinical Vital Sign: A Scientific Statement 
From the American Heart Association. Circulation, 2016; 
134: e653-e699

16) Sawada SS, Muto T, Tanaka H, Lee IM, Paffenbarger RS 
Jr, Shindo M, Blair SN: Cardiorespiratory fitness and can-
cer mortality in Japanese men: a prospective study. Med 
Sci Sports Exerc, 2003; 35: 1546-1550

17) Sawada SS, Lee IM, Muto T, Matuszaki K, Blair SN: Car-
diorespiratory fitness and the incidence of type 2 diabetes: 
prospective study of Japanese men. Diabetes care, 2003; 
26: 2918-2922

18) Teramoto T, Sasaki J, Ishibashi S, Birou S, Daida H, Dohi 

of this study in non-Asian participants with a high pro-
portion of obesity and who have different lifestyles to 
the Japanese.

Conclusions

In the present study, we demonstrated that Japa-
nese men with high levels of CRF are less likely to have 
a high level of non-HDL-C. Our findings indicate that 
habitual AE may prevent a high level of non-HDL-C, 
a risk factor for CHD.
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Supplementary Table 2.  Multivariable adjusted hazard ratios for incidence of a high level of non-HDL-C according to cardiore-
spiratory fitness levels excluding those who had a high level of non-HDL-C within 2 years after the start 
of follow up

Quartiles of age-adjusted baseline cardiorespiratory fitness levels
p value for trend

Q1 (Lowest) Q2 Q3 Q4 (Highest)

Number of participants
Number of cases
Incidence rate§

Model 1 hazard ratio (95% CI)
Model 2 hazard ratio (95% CI)
Model 3 hazard ratio (95% CI)

936
331
29.5

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

960
353
30.3

1.03 (0.89–1.19)
1.04 (0.89–1.20)
1.08 (0.93–1.26)

1,017
337
26.6

0.90 (0.77–1.04)
0.91 (0.78–1.06)
0.96 (0.82–1.12)

975
282
22.5

0.76 (0.65–0.89)
0.77 (0.66–0.91)
0.84 (0.71–0.99)

＜0.001
＜0.001

0.014

CI, confidence interval
Model 1: adjusted for age.
Model 2: Model 1 plus systolic blood pressure, smoking status, alcohol intake, and family history of dyslipidemia.
Model 3: Model 2 plus body mass index.
§Incidence rate is presented in cases per 1,000 man-years of observation.

Supplementary Table 1.  Multivariable adjusted hazard ratios for incidence of a high level of non-HDL-C (≥140 mg/dL) accord-
ing to cardiorespiratory fitness levels

Quartiles of age-adjusted baseline cardiorespiratory fitness levels
p value for trend

Q1 (Lowest) Q2 Q3 Q4 (Highest)

Number of participants
Number of cases
Incidence rate§

Model 1 hazard ratio (95% CI)
Model 2 hazard ratio (95% CI)
Model 3 hazard ratio (95% CI)

738
530
90.4

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

770
556
87.7

0.96 (0.85–1.08)
0.96 (0.85–1.09)
1.00 (0.88–1.12)

844
560
77.2

0.85 (0.76–0.96)
0.86 (0.76–0.97)
0.89 (0.79–1.01)

834
501
64.0

0.71 (0.63–0.80)
0.71 (0.63–0.81)
0.76 (0.67–0.86)

＜0.001
＜0.001
＜0.001

CI, confidence interval
Model 1: adjusted for age.
Model 2: Model 1 plus systolic blood pressure, smoking status, alcohol intake, and family history of dyslipidemia.
Model 3: Model 2 plus body mass index.
§Incidence rate is presented in cases per 1,000 man-years of observation.
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Supplementary Table 3.  Multivariable adjusted hazard ratios for incidence of a high level of non-HDL-C according to cardiore-
spiratory fitness levels excluding those who had a high level of non-HDL-C (≥40, ＜40 age at baseline)

Quartiles of age-adjusted baseline cardiorespiratory fitness levels
p value for trend

Q1 (Lowest) Q2 Q3 Q4 (Highest)

≥40 age at baseline
Number of participants
Number of cases
Incidence rate§

Hazard ratio (95% CI)

365
130
39.8

1.00 (reference)

349
111
33.8

0.85 (0.66 –1.10)

383
125
36.6

0.94 (0.74–1.21)

367
99

26.7
0.73 (0.56–0.95) 0.053

＜40 age at baseline
Number of participants
Number of cases
Incidence rate§

Hazard ratio (95% CI)

630
260
32.4

1.00 (reference)

662
293
34.8

1.17 (0.99 –1.38)

681
259
27.8

0.94 (0.79–1.13)

630
205
23.2

0.83 (0.68–1.00) 0.011

CI, confidence interval
Adjusted for age, systolic blood pressure, smoking status, alcohol intake, and family history of dyslipidemia, and body mass index.
§Incidence rate is presented in cases per 1,000 man-years of observation.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


