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OBJECTIVEdTo determine the best lipid variable to predict coronary heart disease (CHD) in
Japanese patients with type 2 diabetes.
RESEARCH DESIGN AND METHODSdEligible Japanese men and women (1,771)
aged 40–70 years with type 2 diabetes from 59 institutes nationwide were followed for a planned
8-year period. The performance of eight conventional lipid variables, i.e., total cholesterol (TC),
LDL-cholesterol (LDLC), HDL-cholesterol (HDLC), triglycerides (TGs), non-HDLC, TC/HDLC
ratio, LDLC/HDLC ratio, and TG/HDLC ratio, as predictors of incident CHD were evaluated by
four methods: hazard ratio (HR) per one SD increment by multivariate Cox analysis, x2 likelihood ratio test, area under the receiver operating characteristic curve (AUC), and tertile analysis.
RESULTSdAlthough all variables signiﬁcantly predicted CHD events in men, non-HDLC (HR
per one SD 1.78 [95% CI 1.43–2.21]; AUC 0.726) and TC/HDLC (HR 1.63 [1.36–1.95]; AUC
0.718) had the better predictive performances among the variables, including LDLC. In women,
TGs (log-transformed; HR 1.72 [1.21–2.43]; AUC 0.708) were the best predictor according to
results of tertile analysis (HR of the top tertile versus the bottom tertile 4.31 [1.53–12.16]). The
associations with incident CHD were linear and continuous.
CONCLUSIONSdFor Japanese diabetic men, non-HDLC and TC/HDLC were the best predictors, whereas TGs were most predictive for women. These ﬁndings, which included prominent sex differences, should be considered among clinical approaches to risk reduction among
East Asians with diabetes.
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T

ype 2 diabetes is characterized by
an excessive incidence of coronary
heart disease (CHD), and serum lipid
values are among the strongest predictors of CHD (1,2). Although serum LDLcholesterol (LDLC) has been conventionally
used as a therapeutic marker and/or target
in many guidelines based on trials using
statins (1,2), characteristic features of diabetic dyslipidemia, which are closely associated with insulin resistance, are elevated
levels of triglycerides (TGs) and small, dense
LDLC (independent of LDLC level) as well
as decreased levels of HDL-cholesterol
(HDLC) (1,2). The use of LDLC alone for
assessment of cardiovascular risk would
ignore these TG-rich lipoproteins (TRLs,
i.e., VLDL and intermediate-density lipoprotein) and low HDLC, all of which
affect the risk of a CHD event independently of LDLC (1–4). Moreover, LDLC
values, as estimated by the Friedewald
formula, become progressively less accurate as the TG level increases.
Based on this background, it has been
established that other lipid parameters,
typically non-HDLC (determined by subtracting the HDLC concentration from the
total cholesterol [TC] concentration in
plasma) or apolipoprotein B (apoB), both
of which reﬂect TRLs and small, dense
LDLC, can be considered better predictors of CHD than LDLC and have been
introduced into some guidelines as a secondary target for therapy (5–7). Furthermore, the ratios of TC to HDLC
(TC/HDLC), which has clinical signiﬁcance
equivalent to non-HDLC/HDLC, LDLC to
HDLC (LDLC/HDLC), and TGs to HDLC
(TG/HDLC) are also used for assessing cardiovascular risk (3,4). It should be mentioned that non-HDL/HDL is always one
unit lower than TC/HDLC.
Despite these considerations, these fundamental lipid measures (TC, HDLC, and
TGs) and their calculated indices (LDLC,
non-HDLC, TC/HDLC, LDLC/HDLC, and
TG/HDLC) have not been completely and
directly compared as predictors of CHD by
care.diabetesjournals.org
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RESEARCH DESIGN AND
METHODS
Recruitment of patients
The present analysis was conducted as
part of the Japan Diabetes Complications
Study, a multicenter prospective study of
the incidence of and risk factors for
macro- and microvascular complications
among 2,033 Japanese patients with type
2 diabetes aged 40–70 years with HbA1c
levels .6.5% who were registered from
January 1995 to March 1996 from outpatient clinics in 59 university and general
hospitals nationwide that specialize in diabetes care. For this analysis of macrovascular complications, of those 2,033
individuals, 940 men (mean age 57.8 6
7.1 years) and 831 women (mean age
58.7 6 6.8 years) were selected for the
current study after consideration of the
exclusion criteria prespeciﬁed in the study
protocol (23). Excluded were patients
with impaired glucose tolerance, a history of angina pectoris, myocardial
care.diabetesjournals.org

infarction, stroke, peripheral artery disease, familial hypercholesterolemia, type
III hyperlipidemia (diagnosed by broad b
band on electrophoresis), nephrotic syndrome (urine protein .3.5 g per day and
serum total protein ,6.0 mg/dL), and serum creatinine levels .1.3 mg/dL (120
mmol/L). In the 8-year planned observation period, the median follow-up for the
1,771 patients was 7.86 years (ﬁnal followup rate was 75%; 1,332/1,771 patients).
The total person-years studied was 11,743
(6,106 for men and 5,637 for women).
Diabetes and impaired glucose tolerance
were diagnosed according to the Report
of the Committee of the Japan Diabetes
Society on the Classiﬁcation and Diagnostic Criteria of Diabetes Mellitus, which is
almost identical in terms of thresholds for
glucose levels to those of the World Health
Organization. The study protocol, which
is in accordance with the Declaration of
Helsinki and the Ethical Guidelines for
Clinical/Epidemiological Studies of the
Japanese Ministry of Health, Labor, and
Welfare, received ethical approval from
the institutional review boards of all participating institutes. All enrolled patients
provided written informed consent.
Clinical and laboratory
measurements
Patients were assessed yearly after the baseline evaluation. Mean values of at least two
measurements each year were obtained
for HbA1c, fasting plasma glucose, and
fasting serum lipids. HbA1c assays were
performed according to procedures outlined by the Laboratory Test Committee
of the Japan Diabetes Society (JDS), which
is known to be converted by the formula
HbA1c (JDS)(%) = HbA1c (National Glycohemoglobin Standardization Program
[NGSP])(%) 2 0.4%. All other laboratory tests were performed at each participating institute. Serum LDLC was
calculated using the Friedewald equation,
except where TGs exceeded 400 mg/dL, in
which case LDLC data were treated as
“missing”. This was applicable to 20 subjects. All other measurements, including
those for body weight, blood pressure,
and a 12-lead electrocardiogram, were performed at least once yearly. A baseline dietary survey, which was validated and is
widely used in Japan (24) and was comprised of food records and a food frequency
questionnaire that included alcohol consumption, was undertaken. Information
on cigarette smoking was collected
using a self-administered questionnaire.
Smoking status was classiﬁed into one

of three categories: current smokers, exsmokers, and never smokers (25).
Outcome measures
The outcomes analyzed were a fatal or
ﬁrst nonfatal manifestation of CHD comprised of angina pectoris and myocardial
infarction, both of which were diagnosed
according to criteria deﬁned by the Multinational Monitoring of Trends and Determinants in Cardiovascular Disease
(MONICA; World Health Organization)
project. A patient with a ﬁrst percutaneous coronary intervention or coronary
artery bypass graft was also counted as
having a CHD event. Information regarding primary outcome and other clinical
variables for each subject was collected
through an annual report that included
detailed ﬁndings at the time of the event
from each participating diabetologist who
was providing care to those patients. The
adjudication of end points was performed
by central committees comprised of experts
who were masked to risk factor status and
was based on additional data such as a
detailed history, sequential changes in electrocardiogram and serum cardiac biomarkers, and results of coronary angiography.
The rate of concordance in diagnosis between participating diabetologists and
committee experts was 93%.
Statistical analysis
All statistical analyses and data management were conducted at the central data
center. Patient characteristics were described
as mean 6 SD, median and interquartile
range, or percentage. We compared a CHD
group with a no-CHD group by Student
t test and Fisher exact test for numerical
and categorical variables, respectively. Multivariate Cox regression analysis was used
to calculate the adjusted HRs and 95% CIs
for risk factors. The strength of associations
of each lipid variable was assessed using the
x2 likelihood ratio test, and the corresponding P values were estimated from
the regression coefﬁcient based on the
Cox proportional hazards model. In addition, the relationships between tertiles of
each baseline lipid variable and HR for
CHD risks were assessed by the Cox proportional hazards model using the ﬁrst tertile of each variable as the reference group.
The discriminatory powers for CHD of the
lipid variables were also compared by
ROC curve analysis with application of
various thresholds to the predicted probability obtained from the logistic regression model. The AUC was calculated by
integrating the area between the ROC
curve and the diagonal line where sensitivity
DIABETES CARE, VOLUME 35, MAY 2012
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multiple analytical methods in past prospective studies in diabetic subjects (8–19).
Results obtained have been inconsistent,
and only one study (19) analyzed men
and women separately. Therefore, whether
LDLC performs better than the other indices
or, if not, which variable is the best predictor of a CHD event has not been fully
determined in diabetic subjects. Furthermore, all previous examinations of the
performance of lipid variables as predictors of CHD in diabetic subjects (8–19)
were performed in Western countries or
in Caucasians. It is uncertain whether their
results can be extrapolated to East Asian
diabetic subjects, who have substantially different proﬁles regarding CHD and its risk
factors, including a much lower incidence
of CHD and degree of obesity (20–22).
In this analysis of data from a longterm follow-up of Japanese patients with
type 2 diabetes, we compared eight conventional lipid variables, all of which are
routinely measured or can be easily calculated in clinical care settings, as predictors
of CHD events. To directly and quantitatively compare variables having different
average values as well as variations in
quantities and ratios, we used four different
analytical methods to determine the best
predictor of CHD. These were the multivariate-adjusted hazard ratio (HR) per one
SD increment in the Cox hazard model, x2
likelihood ratio test, area under the receiver
operating characteristic (ROC) curve (AUC),
and tertile analysis.

Lipid variable as CHD predictor in diabetes
is equal to one speciﬁcity based on the trapezoidal rule. Multivariate-adjusted generalized additive models with a spline function
of three degrees of freedom were used to
explore potential nonlinear relationships.
All P values are two sided and the signiﬁcance level is 0.05. All statistical analyses
were conducted using SAS packages version
9.2 (SAS Institute Inc., Cary, NC).
RESULTS

Relationships between various lipid
variables and CHD outcome
Multivariate-adjusted HRs per one SD, x2
values, and AUCs for CHD events for each
lipid variable at baseline are shown in
Table 2. In men, all lipid variables significantly predicted a CHD event with HRs
per one SD ranging between 1.42 and
1.78. The largest HR value per one SD, x2
statistics, and AUCs were found for nonHDLC followed by TC/HDLC, which had
ﬁndings very close to non-HDLC results.
In women, the largest HR per one SD
was found for TGs (log-transformed)
followed by non-HDLC and TC. These
three indices had substantially larger x2
values and slightly larger AUCs than the
other indices, whereas non-HDLC had
the largest x2 value and TC had the largest
AUC value (Table 2). Since subjects with
elevated TGs are likely have higher glycemic
or weight levels, we performed stratiﬁed
analysis to categorize women according to
values equal to or above or below the median of HbA1c or BMI, which were 7.6%
and 22.8 kg/m2, respectively. As a result, a
signiﬁcantly larger multivariate-adjusted
HR per one SD of log-transformed TGs
1152

DIABETES CARE, VOLUME 35, MAY 2012

(0.90–29.30), and P = 0.066 (Supplementary Table 4).
Dynamic change in risk association
of important lipid variables
To explore dynamic changes in risk association, including possible thresholds for
lipid variables that were found to be good
predictors, sex-stratiﬁed spline analysis
was performed for non-HDLC, TC/
HDLC, and TGs (Fig. 1). In each variable,
the relationship was on a continuum, indicating difﬁculty in determining a clear
cutoff value. When risks for men and
women whose non-HDLC was 3.88
mmol/L (150 mg/dL) were set as a reference, risks of those with a non-HDLC
value of ;4.3 mmol/L (170 mg/dL) became signiﬁcant with HRs of ;1.5 in both
men and women. When the TC/HDLC
level of 5.0 was set for reference, risks in
those whose TC/HDLC levels were ;6.3
became signiﬁcant in both men and
women but the HR was greater in women
(;2.0) than in men (;1.5).
CONCLUSIONSdThe current analysis
of our Japanese subjects with type 2
diabetes revealed distinct sex differences
in lipid variables that predict a CHD
event. Although large sex differences in
incidence and risk proﬁles (such as smoking) of CHD are well known, most previous studies on lipid variables as
predictors of CHD (8–15,17,18) did not
separately analyze men and women with
diabetes. Our previous investigation to
clarify risk factors (involving nonlipid parameters) for cardiovascular complications in Japanese diabetic subjects, which
also analyzed men and women together,
demonstrated that the serum TG level
was a potent risk factor, unlike ﬁndings
for Western diabetic subjects (23). Our
current results further clariﬁed that this
effect of TGs was exclusively derived
from its effect in women (23).
In our Japanese men with diabetes,
non-HDLC and TC/HDLC, which are
calculated from TC and HDLC, were the
two best predictors of CHD and were
superior to LDLC. These results conﬁrmed the validity in Japanese diabetic
men of the previously reported superiority of non-HDLC (9–11,13) or TC/HDLC
(or non-HDLC/HDLC) (9,10,12,17,18)
over LDLC as CHD predictors among
Western diabetic populations. Also supported is that lipoproteins other than
LDL, such as VLDL and chylomicron
remnants, provide predictive power in
addition to that of LDLC and could
care.diabetesjournals.org
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Baseline clinical variables according
to occurrence of CHD events
Table 1 summarizes clinical baseline variables for men and women who had or
had not experienced a CHD event during
the follow-up period. In comparison with
men without CHD, those with CHD had
signiﬁcantly higher levels of all lipid variables (but lower HDLC values) determined except for TGs, which was higher
with borderline signiﬁcance. Women
with CHD had signiﬁcantly higher systolic blood pressure and signiﬁcantly
higher levels of lipid variables with the
exception of LDLC/HDLC, which was of
borderline signiﬁcance, and HDLC. In addition, women with, rather than without,
CHD were signiﬁcantly more likely to use
an insulin sensitizer and agents for hypertension and dyslipidemia.

was observed only in those whose HbA1c
or BMI level was equal to or greater than
the median, i.e., HbA1c $7.6%, HR 1.78
(95% CI 1.21–2.63), and P = 0.005 versus
HbA1c ,7.6%, 1.37 (0.76–2.47), and P =
0.27 (Supplementary Table 1); BMI
$22.8, 1.75 (1.17–2.62), and P = 0.008
versus BMI ,22.8, 1.51 (0.86–2.65), and
P = 0.14 (Supplementary Table 2).
In the combined analysis of men and
women, non-HDLC identiﬁed patients at
greater risk of CHD than the other lipid
variables and had an HR of 1.69 (95% CI
1.41–2.01), x2 statistic of 29.4 (P ,
0.001), and AUC of 0.713 (95% CI
0.663–0.762) followed by TC/HDLC,
for which results were 1.55 (1.33–1.81),
23.9 (P , 0.001), and 0.703 (0.651–
0.754), respectively. These were better
predictors than LDLC, for which results
were 1.51 (1.26–1.80), 18.2 (P , 0.001),
and 0.690 (0.641–0.738), respectively.
Table 3 shows HRs for CHD according to tertiles of lipid variables. In men,
HRs were signiﬁcantly elevated in the top
compared with the bottom tertile (bottom
compared with the top in case of HDLC)
in all variables determined. Subjects in the
top tertile of TC/HDLC and LDLC/HDLC
had a four times or greater risk of CHD
than those in the respective bottom tertile, followed by non-HDLC and LDLC,
both of which had relatively high HRs
of ;3.5 between extreme tertiles. In
women, signiﬁcantly elevated HRs in the
top tertile compared with the bottom tertile were observed only for TGs, TG/
HDLC ratio, and LDLC. Among those,
the highest HR was noted for TGs, and
was 4.31, which was considerably higher
than that for the other lipid variables.
Even subjects in the middle tertile for
TGs, which indicated the normal level of
0.90–1.36 mmol/L, had a signiﬁcantly
higher risk of CHD than those in the bottom tertile. On the other hand, the HR for
the TG/HDLC ratio was not higher than
that for TGs alone either in men or women.
If we again stratiﬁed women with values
below and equal to or above the median
for HbA1c or BMI, which were 7.6% and
22.8 kg/m2, respectively, signiﬁcantly elevated HRs for TGs in the top tertile compared with the bottom tertile were
observed only in those whose HbA1c or
BMI was at or greater than the median,
i.e., HbA 1c $7.6%, HR 6.74 (95% CI
1.43–31.67), and P = 0.016 versus
HbA1c ,7.6%, 2.95 (0.65–13.47), and
P = 0.163 (Supplementary Table 3);
BMI $22.8, 3.95 (1.08–14.54), and
P = 0.039 versus BMI ,22.8, 5.13
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Table 1dPatient characteristics at baseline
Men
n
Age (years)
Diabetes duration (years)
BMI (kg/m2)

CHD

870
57.9 6 7.1
11.4 6 7.6
22.8 6 2.7
131 6 16/
77 6 10
8.5 6 2.6
7.7 6 1.2

70
60.0 6 6.3
12.2 6 7.7
22.7 6 2.4
134 6 16/
79 6 9
8.4 6 3.4
8.0 6 1.5

5.00 6 0.89
1.36 6 0.42
1.19 (0.82)
2.99 6 0.84
3.64 6 0.92
3.97 6 1.30
2.41 6 1.07

P

P

No-CHD

CHD

0.40/0.19
0.33
0.17

786
58.8 6 6.8
10.2 6 6.6
23.2 6 3.4
132 6 17/
76 6 10
8.6 6 2.8
8.1 6 1.4

45
59.9 6 6.7
11.2 6 4.9
24.2 6 3.1
139 6 15/
78 6 8
9.2 6 3.1
8.2 6 1.3

0.004/0.16
0.23
0.36

5.37 6 0.77
1.25 6 0.38
1.35 (0.91)
3.40 6 0.81
4.12 6 0.85
4.63 6 1.36
2.96 6 1.07

,0.001
0.008
0.076
,0.001
,0.001
,0.001
,0.001

5.38 6 0.86
1.49 6 0.46
1.10 (0.81)
3.31 6 0.79
3.88 6 0.89
3.89 6 1.19
2.43 6 0.95

5.81 6 0.93
1.43 6 0.49
1.45 (0.51)
3.64 6 0.79
4.39 6 0.97
4.49 6 1.59
2.91 6 1.34

0.004
0.29
,0.001
0.014
0.002
0.023
0.056

21
20
55
21
6
2

17
23
61
21
2
1

0.54
0.65
0.32
0.88
0.72
1.00

16
23
60
20
5
2

9
33
60
20
4
9

0.29
0.15
1.00
1.00
1.00
0.014

21
14

21
16

0.88
0.72

30
34

58
53

,0.001
0.010

1,776 (567)
53 (22)
140 (302)
44/39

1,703 (508)
53 (17)
145 (264)
54/36

0.82
0.45
0.73
0.20

1,597 (491)
50 (21)
118 (229)
9/6

1,568 (394)
49 (16)
95 (254)
7/5

0.94
0.94
0.35
1.00

40/48/12

45/46/9

0.61

87/13/0

87/13/0

1.00

0.027
0.35
0.90

0.28
0.053
0.060

Data are mean 6 SD or *median (interquartile range). **One drink is equivalent to 12.6 g of ethanol based on the U.S. Department of Agriculture deﬁnition.

explain part of the residual cardiovascular risk characterized by the LDLC level
alone (3,4). It also has been suggested
that non-HDLC is superior as a predictor
to LDL-C because non-HDLC is an indirect estimate of LDL particle number, and
LDL particle number relates more closely
to risk than LDL-C (6). Although studies
have attempted to determine whether
non-HDLC or TC/HDLC best identiﬁes
patients at greater risk of CHD, the statistical differences between the two were
relatively small (10,12). For example, in
the UK Prospective Diabetes Study (12),
although TC/HDLC was a signiﬁcantly
stronger predictor of CHD than nonHDLC, HRs per one SD increment for
those two variables were very close
(1.36 and 1.35, respectively), and differences in results of ROC analysis were not
care.diabetesjournals.org

clinically important, which was supported
by the results of another study (10).
Although our results for men were quite
close to those in Western studies that
analyzed men and women together, our
ﬁndings in female subjects differed from
those ﬁndings or results in Japanese men
with diabetes. Among our female subjects,
TGs, TC, and non-HDLC were the best
predictors of CHD risk as assessed by HRs
for one SD increment, x2 statistics, or AUCs.
However, tertile analysis indicated that TGs
were the best variable examined, and that it
was a signiﬁcant predictor beginning at values as low as 0.90 mmol/L. That value was
lower than reported in Western countries
(14,17) but was close to the optimal upper
limit in the newest U.S. guidelines (4).
Although the role of TGs in CHD
is known to be inﬂuenced by ethnicity,

especially in Asians (26), the speciﬁc reasons why TGs were a leading predictor of
CHD in Japanese diabetic women but not
in men have yet to be clariﬁed. However,
our results in women are similar to those
in other studies of East Asian diabetic subjects (27–29), which showed that TGs had
stronger associations with cardiovascular
morbidity (27,29) and mortality (28) than
LDLC, although these studies were either
cross-sectional (27,29) or relatively smallscale and short-term (28). In particular, a
cross-sectional study in Hong Kong (27)
revealed that TGs were strongly associated
with ischemic heart disease in women but
not in men with type 2 diabetes. A metaanalysis of cohort studies in Asian-Paciﬁc
general populations also revealed that TGs
were the best predictor of CHD death
among single lipid variables, although
DIABETES CARE, VOLUME 35, MAY 2012
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Blood pressure (mmHg)
Fasting plasma glucose (mmol/L)
HbA1c (%)
Serum lipid variables
TC (mmol/L)
HDLC (mmol/L)
TGs (mmol/L)*
LDLC (mmol/L)
Non-HDLC (mmol/L)
TC/HDLC ratio
LDLC/HDLC ratio
Therapeutic measures
Diabetes
Diet only (%)
Insulin (%)
Sulfonylureas (%)
a-Glucosidase inhibitors (%)
Biguanides (%)
Insulin sensitizer (%)
Others
Antihypertensive agents (%)
Agents for dyslipidemia (%)
Diet
Energy intake (kJ/day)*
Fat intake (g/day)*
Exercise (kJ/day)*
Current/past smoker (%)
Alcohol intake: never, three drinks
or less, more than three drinks (%)**

No-CHD

Women

Lipid variable as CHD predictor in diabetes
Table 2dMultivariate-adjusted HRs per one SD increment with 95% CI, x2 (likelihood ratio test) statistics, and the AUC
Men

TC
LDLC
HDLC
TGs (log-transformed)
Non-HDLC
TC/HDLC ratio

TG/HDLC ratio

x (P value)

AUC (95% CI)

HR (95% CI)

x (P value)

AUC (95% CI)

1.57
(1.25–1.99)
1.59
(1.28–1.98)
1.47
(1.09–1.98)
1.42
(1.08–1.85)
1.78
(1.43–2.21)
1.63
(1.36–1.95)
1.52
(1.29–1.79)
1.49
(1.20–1.85)

13.4 (,0.001)

0.697
(0.636–0.758)
0.694
(0.629–0.758)
0.669
(0.604–0.734)
0.664
(0.595–0.733)
0.726
(0.664–0.787)
0.718
(0.656–0.780)
0.709
(0.646–0.772)
0.680
(0.615–0.746)

1.58
(1.20–2.06)
1.41
(1.06–1.86)
1.03
(0.72–1.48)
1.72
(1.21–2.43)
1.60
(1.21–2.12)
1.48
(1.11–1.95)
1.44
(1.09–1.91)
1.36
(1.01–1.85)

9.6 (0.002)

0.721
(0.644–0.798)
0.705
(0.626–0.784)
0.667
(0.577–0.756)
0.708
(0.630–0.786)
0.715
(0.634–0.796)
0.696
(0.609–0.782)
0.695
(0.608–0.781)
0.683
(0.597–0.769)

14.8 (,0.001)
6.9 (0.009)
6.4 (0.011)
22.0 (,0.001)
19.7 (,0.001)
16.1 (,0.001)
10.4 (0.001)

2

5.3 (0.021)
0.03 (0.85)
9.2 (0.002)
9.7 (0.002)
6.8 (0.009)
6.2 (0.013)
3.4 (0.066)

Each lipid variable for CHD events at baseline adjusted by age, diabetes duration, BMI, systolic blood pressure, HbA1c, smoking, and alcohol intake.

men and women were not separately analyzed (30). Interestingly, in our female
subjects, TC was a better predictor than
LDLC by all four analytical methods, suggesting that TLRs involving remnant or
small, dense LDL strongly affect the etiology of CHD in this population.
It is well known that the serum level
of TGs, which is closely associated with insulin resistance, is inﬂuenced by a number
of metabolic factors, typically including glycemic and weight status. Insulin

resistance is believed to contribute to the
atherogenic dyslipidemia seen in diabetes by increasing the hepatic secretion of
VLDL and other apoB-containing lipoprotein particles as a result of increased
free fatty acid ﬂux to the liver (31). This
raises the long-standing debate as to
whether the association of the TG level
to CHD is a direct effect of the TRLs themselves or is a biomarker of accompanying
disorders (32). Our results in stratiﬁed,
multivariate-adjusted analysis suggested

that at least the serum level of TGs is a
signiﬁcant and independent predictor in
women whose HbA1c or BMI was equal
to or above the median. Although the precise mechanisms of these phenomena cannot be derived from epidemiological
observations, improving glycemic and
weight status could be beneﬁcial to avoid
the harmful inﬂuence of hypertriglyceridemia. Conversely, HDLC was not a signiﬁcant predictor of CHD in women
although it was moderately predictive in

Table 3dHRs with 95% CIs for each lipid variable according to tertiles
Men

TC (mmol/L)
LDLC (mmol/L)
HDLC (mmol/L)
TGs (mmol/L)
Non-HDLC (mmol/L)
TC/HDLC ratio
LDLC/HDLC ratio
TG/HDLC ratio

Women

Ranges

HR (95% CI)

P

Ranges

HR (95% CI)

P

4.63–5.40
5.41–
2.66–3.33
3.34–
1.14–1.40
–1.13
0.94–1.48
1.49–
3.25–3.98
3.99–
3.4–4.3
4.4–
1.9–2.7
2.8–
0.70–1.26
1.27–

1.81 (0.95–3.44)
2.98 (1.61–5.51)
1.81 (0.93–3.52)
3.45 (1.83–6.48)
1.74 (0.82–3.67)
2.48 (1.23–5.00)
1.09 (0.55–2.13)
2.01 (1.07–3.78)
1.42 (0.70–2.86)
3.67 (1.97–6.83)
1.95 (0.91–4.19)
4.13 (2.05–8.33)
1.66 (0.78–3.53)
4.11 (2.09–8.08)
1.38 (0.66–2.90)
2.86 (1.44–5.69)

0.069
0.001
0.081
0.0001
0.147
0.011
0.810
0.031
0.328
,0.0001
0.088
,0.0001
0.185
,0.0001
0.399
0.003

5.02–5.69
5.70–
2.97–3.62
3.63–
1.27–1.55
–1.26
0.90–1.36
1.37–
3.49–4.19
4.20–
3.3–4.2
4.3–
2.0–2.7
2.8–
0.56–1.05
1.06–

1.23 (0.45–3.38)
2.23 (0.90–5.56)
2.31 (0.82–6.54)
3.02 (1.12–8.12)
0.83 (0.38–1.84)
1.31 (0.61–2.79)
3.35 (1.21–9.23)
4.31 (1.53–12.16)
1.14 (0.44–2.94)
2.02 (0.84–4.86)
1.17 (0.50–2.73)
1.50 (0.67–3.35)
1.11 (0.48–2.58)
1.57 (0.71–3.48)
2.60 (1.04–6.46)
3.27 (1.30–8.25)

0.687
0.084
0.114
0.029
0.652
0.487
0.020
0.006
0.791
0.118
0.724
0.329
0.810
0.265
0.041
0.012

HRs with 95% CIs for each lipid variable according to tertiles (HRs for the lowest tertile as a reference are shown except for HDLC where the top tertile is the reference)
for CHD risk analyzed by Cox multivariate models adjusted by age, sex, diabetes duration, BMI, HbA1c, systolic blood pressure, smoking status, and alcohol intake.
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LDLC/HDLC ratio

Women

HR (95% CI)

2

Sone and Associates

men. The serum level of HDLC is naturally
higher in East Asians than in Western populations, especially women (33,34), as in
our cohort. Therefore, it is possible that
the clinical impact of low HDLC was not
apparent and, instead, that of TGs was enhanced in East Asians. Accordingly, TG/
HDLC did not add useful information to
that provided by TGs alone either in men or
women. TG/HDLC was also reportedly not
superior to non-HDLC in Spanish patients
with type 2 diabetes (35).
This investigation has several strengths,
including the nationwide sampling from
nearly 60 institutes. We also used four
different analytical methods and analyzed
men and women separately, which was
not done in past studies. Nevertheless,
some limitations of our study deserve
consideration. Variability in laboratory
measurements could be present among
participating hospitals (36). However, such
an inﬂuence is virtually negligible because
laboratory testing in Japan is well standardized. In fact, a nationwide precision control
survey (37) demonstrated that coefﬁcients
of variation of tests of TC, HDLC, and TGs
were ,5%. Only baseline data were used
care.diabetesjournals.org

for this analysis; therefore, therapeutic
management during the follow-up period
could have inﬂuenced results. Baseline
proportions of women receiving therapy
with insulin sensitizers or agents for hypertension or dyslipidemia were higher in
the CHD group than in the no-CHD
group, probably because of treatment selection bias. The large difference in the
proportion of subjects taking agents for
dyslipidemia (mainly statins) between
men and women also might have inﬂuenced the results.
That we did not measure apolipoproteins in this study was another limitation.
Although some studies of subjects with
(14,15) and without (38,39) diabetes
have provided relatively small support
for replacement of conventional variables
with measurements of apolipoproteins,
recent meta-analysis (7) demonstrated
that the use of apoB, a measure of the
number of atherogenic lipid particles,
could be more beneﬁcial to prevent cardiovascular events than that of nonHDLC in clinical settings because there
might be substantial discordance between
apoB and non-HDLC levels depending on

individual differences in composition of
the apoB lipoproteins. In addition, apoB
is a better predictor of cardiovascular risk
especially when cholesterol-enriched
remnants or cholesterol-enriched LDL is
present; therefore, apoB is not necessarily
interchangeable with non-HDLC for evaluation of individual patients in clinical
settings (40). Finally, in this analysis, we
did not use detailed dietary data, including data on saturated fat, carbohydrates,
and the ratio of energy requirements to
ingested calories, which could inﬂuence
serum lipid proﬁles. This should be clariﬁed in a future study.
In conclusion, the present analysis
shows that for Japanese subjects with diabetes, non-HDLC and TC/HDLC for men
and TGs for women were the best predictors of CHD. These ﬁndings should be
considered in the clinical approach to risk
reduction among East Asians with diabetes,
and using these variables as management
markers for dyslipidemia among this population has potential value.
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Figure 1dRelative risk (solid line) and 95% CIs (broken line) of the incidence of CHD in relation to non-HDLC, TC/HDLC ratio, and TGs estimated
by generalized additive models.
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