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I t has been suggested by some authors
that non-HDL cholesterol, defined as
total cholesterol minus HDL choles-

terol, may be a particularly useful predic-
tor of cardiovascular risk (1) and easier to
calculate than the commonly used total-
to-HDL cholesterol ratio. We have exam-
ined whether the U.K. Prospective
Diabetes Study (UKPDS) Risk Engine (2),
a coronary heart disease (CHD) risk cal-
culator developed specifically for type 2
diabetes that uses the total-to-HDL cho-
lesterol ratio, could be improved by sub-
stituting non-HDL cholesterol.

RESEARCH DESIGN AND
METHODS — The UKPDS Risk En-
gine encapsulates a parametric model to
estimate the risk of CHD, defined as myo-
cardial infarction or sudden cardiac
death, derived from the UKPDS, with
53,000 patient-years of follow-up data
(3). For this analysis, 4,540 of the 5,102
UKPDS patients were included, for whom
sufficient data were available and whose
characteristics have been previously re-
ported (2). Briefly, the UKPDS recruited
patients with newly diagnosed type 2 di-
abetes but no recent myocardial infarc-
tion or stroke. They were mean age 53
years (range 25– 65), 58% male, 83%
white-Caucasian, 10% Indian-Asian, 8%

Afro-Caribbean, and 30% were smokers
at study entry. Mean (�SD) HbA1c, 1–2
years after study entry, was 6.7 � 1.4%,
systolic blood pressure was 136 � 20
mmHg, total cholesterol was 5.4 � 1.0
mmol/l, and HDL cholesterol was 1.1 �
0.25 mmol/l. The UKPDS Risk Engine
equation (2) includes the total-to-HDL
cholesterol ratio and adjusts for age,
duration of diabetes, sex, smoking, eth-
nic group, HbA1c, and systolic blood
pressure.

A new risk equation was constructed
that uses non-HDL cholesterol instead of
the total-to-HDL cholesterol ratio but
otherwise adjusts for the same risk fac-
tors. Equations were fitted by maximum
likelihood methods. To compare model
fit to the original data, we used Akaike’s
Information Criterion (AIC) defined by
2 � (�log likelihood � number of pa-
rameters), in which lower values of AIC
correspond to better risk prediction (4).
We used likelihood-ratio tests to compare
both models with a reference model that
included both total and HDL cholesterol,
adjusting for the same risk factors.

Receiver-operating characteristic
(ROC) curves were used to assess the sen-
sitivity and specificity of the models in
patients entering the UKPDS 5-year post-
study monitoring program. CHD risk was

calculated over the duration of poststudy
monitoring in 2,885 patients with data
available and without prior CHD at entry
to poststudy monitoring. Area under the
ROC curve (aROC) was calculated for
each model, with high aROC indicating a
more useful model, and a P value was cal-
culated for the difference in aROC be-
tween the total-to-HDL cholesterol and
non-HDL models (5). The number of pa-
tients with a 10-year CHD risk in excess of
15%, as used by some clinical guidelines
(6), was also determined.

RESULTS — A total of 517 CHD
events occurred during 29,878 person-
years of follow-up. The hazard ratio for
total-to-HDL cholesterol ratio was 1.23
per unit, equivalent to 1.36 per SD (95%
CI 1.26–1.45). The hazard ratio for non-
HDL cholesterol was 1.33 per mmol/l,
equivalent to 1.35 per SD (95% CI 1.24–
1.47). The hazard ratios for nonlipid risk
factors were not significantly different be-
tween the total-to-HDL cholesterol model
and the non-HDL model. The AIC differ-
ence between the models was 11.2, with
the total-to-HDL cholesterol ratio equa-
tion a stronger predictor (lower AIC) of
risk than the non-HDL cholesterol equa-
tion. In likelihood-ratio tests the original
model was equivalent to a full model con-
taining separate terms for total cholesterol
and HDL cholesterol (P � 0.38), whereas
the non-HDL cholesterol model was sig-
nificantly worse than the full model (P �
0.0001).

In UKPDS poststudy monitoring, 176
CHD events were observed in 2,885 pa-
tients. The aROC was 0.678 for the total-
to-HDL cholesterol ratio model and
0.666 for the non-HDL cholesterol model
(P � 0.41). Patients were classified simi-
larly (94%) by both equations (Table 1),
with 73.5 and 71.3%, respectively, at
�15% CHD risk (P � 0.0001).

We verified (data not shown) that a
non-HDL-to-HDL cholesterol ratio gives
identical results to the total-to-HDL cho-
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lesterol ratio (note that total-to-HDL cho-
lesterol ratio � 1 � non-HDL-to-HDL
cholesterol ratio). The UKPDS Risk En-
gine model differs from the total-to-HDL
cholesterol ratio model used here only in
that it log transforms the cholesterol ratio,
which further improves model fit (AIC
decreased by a further 6.6). The present
analysis avoids log transformation be-
cause it introduces difficulties with the
likelihood-ratio tests. We verified (data
not shown) that the AIC and ROC analy-
ses are not materially affected by log
transformation.

CONCLUSIONS — Total - to-HDL
cholesterol ratio is a stronger predictor of
CHD risk than non-HDL cholesterol in
this prospective study of a cohort with
type 2 diabetes. The similarity of the ROC
curves indicates that the difference is not
clinically important, at least in type 2 di-
abetic populations. This confirms previ-
ous results in 746 diabetic men (7).

The absolute values of aROC reported
here are similar to those for other CHD
risk models (7–9) but lower than consid-
ered desirable in other fields (10), indicat-
ing that primary prevention of CHD is a
difficult area for risk modelers. The simi-
larity in aROC between the models con-
firms the finding from the Atherosclerosis
Risk in Communities study that when a

model already contains several major
CHD risk factors, further refinements
have diminishing returns (9).

Although non-HDL cholesterol is an
easier measure to calculate without a
computer or nomogram, there are theo-
retical reasons why the total-to-HDL cho-
lesterol ratio is preferable. Consider two
hypothetical patients with identical non-
HDL cholesterol values of 4.0 mmol/l but
one with total cholesterol 5.0 mmol/l and
HDL cholesterol 1.0 mmol/l and the other
with total cholesterol 5.5 mmol/l and
HDL cholesterol 1.5 mmol/l. Their total-
to-HDL cholesterol ratios are 5.0 and 3.7,
respectively, reflecting the better lipid
profile of the second patient, but this dis-
tinction is not apparent from the non-
HDL cholesterol value alone.

The analyses reported here confirm
the statistical advantages of the total-to-
HDL cholesterol ratio in large samples but
also show that the improvement is un-
likely to be important in clinical practice.
The UKPDS Risk Engine software uses to-
tal cholesterol and HDL cholesterol in the
most powerful way to forecast CHD risk.
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Table 1—CHD risk classification of 2,885 patients entering UKPDS poststudy monitoring by
two multivariable equations

10-year CHD risk by an
equation using

non-HDL cholesterol

�15% �15%

10-year CHD risk by an equation using
total-to-HDL cholesterol ratio

�15% 708 57
�15% 119 2,001

Holman and Associates

DIABETES CARE, VOLUME 28, NUMBER 7, JULY 2005 1797

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/28/7/1796/568277/zdc00705001796.pdf by guest on 17 April 2024


