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Abstract
Aims/hypothesis Controversy surrounds whether the ratio
of apolipoprotein B (ApoB) to apolipoprotein A-I (ApoA-I)
is the best lipoprotein discriminator of CHD risk in non-
diabetic populations, but the issue has never been investi-
gated in type 2 diabetes.
Methods In 2,627 participants without known vascular disease
in the Collaborative Atorvastatin Diabetes Study, ApoB,
ApoA-I, LDL-cholesterol (LDLC) and HDL-cholesterol
(HDLC) were assayed at baseline.
Results There were 108 CHD and 59 stroke endpoints over
3.9 years. The ApoB:A-I ratio at baseline was the
lipoprotein variable most closely predicting CHD risk both

by comparison of the hazard ratio for a 1 SD change or
tertiles of frequency distribution. The areas under the
receiver–operator curve for the ApoB:ApoA-I and the
LDLC to HDL-HDLC ratios, although not significantly
different from each other, were greater (p=0.0005 and
p=0.0125 respectively) than that of non-HDLC:HDLC.
The 27% decrease in the ApoB:ApoA-I ratio on atorvastatin
predicted a 32% (95% CI 5.4–51.2%) risk reduction in
CHD, close to the 36% decrease observed. Neither the
ApoB:ApoA-I nor any other lipoprotein concentration or
ratio predicted the stroke outcome.
Conclusions/interpretation Overall, the ApoB:ApoA-I ratio
improved on the non-HDLC:HDLC ratio in predicting CHD,
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but, depending on the assessment chosen, its superiority over
LDLC:HDLC may be marginal. The statin-induced decrease
in stroke risk may not be lipoprotein mediated.

Trial registration: ClinicalTrials.gov NCT00327418
Funding: The study was supported by unrestricted grants
fromDiabetes UK, the Department of Health and Pfizer to the
University of Manchester and to University College, London.
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ApoA-I apolipoprotein A-I
ApoB apolipoprotein B100
CARDS Collaborative Atorvastatin Diabetes Study
LDLC LDL-cholesterol
Lp(a) lipoprotein(a)
HDLC HDL-cholesterol
ROC receiver operator curve

Introduction

Apolipoprotein A-I (ApoA-I) and B-100 (ApoB) are the
major components of the protein moieties of LDL and HDL
respectively [1]. ApoB is also present in VLDL and
lipoprotein(a) [Lp(a)]. There is one molecule of ApoB in
each ApoB-containing lipoprotein particle [2, 3]. Thus it is
a measure of the particle concentration of VLDL, LDL and
Lp(a). ApoA-I does not reflect the particle concentration of
lipoproteins to the same extent, because ApoA-I-containing
lipoproteins generally have one to four molecules of ApoA-I
per particle. However, both ApoB and ApoA-I, unlike LDL-
cholesterol (LDLC) and HDL-cholesterol (HDLC), may
reveal the presence of LDL and HDL particles that contain
little cholesterol, such as small dense LDL [4] and pre-beta
HDL [5]. Furthermore HDLC methods vary in the propor-
tion of cholesterol in HDL which they detect [6]. The
possibilities that apolipoproteins might provide the clinician
with a more accurate assessment of cardiovascular risk and
a better target for statin therapy have thus been raised [3].

It has been recognised for nearly 30 years that even
when LDLC is in the normal range, particularly in hyper-
triacyglycerolaemia, LDL-ApoB can be raised [7]. Sniderman
and colleagues [8] first proposed that this was because under
such circumstances a cholesterol-depleted LDL was present.
They termed this condition hyperapobetalipoproteinaemia
and reported that it was associated with CHD. It was
subsequently revealed that this phenomenon was due to the
presence of a small dense LDL particle [3, 4, 9]. After the
initial report of a case–control study that the ApoB:A-I ratio

provided the closest association between lipoprotein varia-
bles and CHD [10], numerous others followed confirming
this to a greater or lesser extent [3]. A transnational study
revealed that ApoB:ApoA-I ratio explained more of the
variation in CHD risk than any other risk factor [11]. The
most influential evidence was, however, the large prospec-
tive study by Walldius and colleagues [12] that reported that
the ApoB:ApoA-I ratio related more closely to CHD than
other lipoprotein variables or ratios and a large meta-analysis
of prospective studies [13]. The possible use of the ApoB:
ApoA-I ratio as a target of lipid-lowering therapy has also
been widely discussed [3]; two recent studies—one with a
Framingham cohort not treated with statins [14] and another
in a secondary study in patients treated with statins [15]—
both cast doubt on the clinical need for this. All authors
agree, however, that there is a dearth of information about
the predictive power of ApoB:ApoA-I for cardiovascular
disease in type 2 diabetes.

In the present report, we have examined a wide range of
cardiovascular outcomes, including stroke, in a group of
type 2 diabetic patients participating in the Collaborative
Atorvastatin Diabetes Study (CARDS) [16–18].

Methods

Study population CARDS was a double-blind, randomised,
placebo-controlled, multicentre trial of atorvastatin 10 mg
daily in the primary prevention of cardiovascular disease in
type 2 diabetes [16–18]. It received ethical approval both
centrally and at each participating institution and each
patient gave written informed consent. There were 2,838
patients (68% men) aged between 40 and 75 years
randomised either to placebo (n=1,410) or atorvastatin
(n=1,428) [17]. The primary endpoint of the trial was the
first acute CHD event (myocardial infarction, hospitalised
unstable angina, acute CHD death), coronary revascularisa-
tion procedure or stroke. In addition, information about all
causes of death was collected. To enter the trials, patients
had to be free of macrovascular disease, to have serum LDLC
levels of 4.14 mmol/l or less and to have fasting serum
triacylglycerol levels of 6.77 mmol/l or less. In addition, they
were required to have at least one of the following
cardiovascular risk factors: hypertension on treatment, or
systolic BP ≥140 mm Hg and/or diastolic BP ≥90 mm Hg
on two successive occasions, any retinopathy, proteinuria
including microalbuminuria or current smoking. The trial
was terminated 2 years earlier than planned at the request of
the Safety Committee because of the clear benefit of active
treatment (two-tailed p<0.001). The median time each patient
had spent in the trial was 3.9 years. Complete apolipoprotein
data were available at baseline (pre-randomisation) for 2,627
patients. They yielded 196 primary endpoints, 108 fatal and
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non-fatal myocardial infarctions, 131 deaths and 59 strokes.
These were adjudicated by an independent endpoint com-
mittee as described in detail elsewhere [16, 17].

Laboratory methods All participants were asked to fast
from 20:00 hours the previous day. Cholesterol in serum
and lipoproteins was measured using the CHOD/PAP
method (Roche, Basel, Switzerland) on a Cobas Mira
analyser. Triacylglycerols were measured by the GPO/PAP
method (Roche) and serum ApoB and ApoA-I were
measured using immunoturbidimetry (Roche) on the same
instrument with calibration traceable to the International
Federation of Clinical Chemistry primary standards [19].
HDLC was isolated by precipitation of other serum
lipoproteins using heparin–manganese [20]. When serum
triacylglycerol exceeded 4.00 mmol/l, VLDL-cholesterol
was removed by ultracentrifugation for 18 h at 144,000 g
(Beckman L8-55 M) at 1.006 g/ml before the heparin–
manganese procedure. The laboratory participated in the
UK RIQAS quality control scheme (Randox Laboratories,
Belfast, UK). The HDLC method was aligned with the
results of the Centers for Disease Control and Prevention
(CDC) laboratory participating in this scheme.

LDLC was calculated using the Friedewald formula [21]
when serum triacylglycerol levels were 4.00 mmol/l or less
and by subtraction of HDLC from that in the D1.006 g/ml
ultracentrifuge infranatant obtained by tube slicing when
serum triacylglycerol exceeded 4.00 mmol/l [6].

Statistical methods This study pools 2,627 (93%) of the
2,838 participants in CARDS with complete baseline lipid
data. The main analysis in this investigation was based on a
Cox proportional hazard regression model, which assessed
whether each apolipoprotein variable (as a continuous
variable) was a significant predictor of cardiovascular risk
in univariate analysis or adjusted by treatment in multivar-
iate analysis. The HR and 95% CI were calculated for a
1 SD increment for each lipoprotein variable. The strength
of associations among all apolipoproteins was ranked based
on the χ2 statistics and the corresponding p values estimated
from the regression coefficient based on the Cox propor-
tional hazard model. In addition, the relationships between
tertiles of baseline ApoB:ApoA-I ratio and HR for cardio-
vascular risks were assessed by the Cox proportional hazard
model using the first tertile of ApoB:ApoA-I ratio as the
control group.

The degrees of predictability of cardiovascular risk for
the apolipoproteins and lipoproteins were also compared by
receiver operating characteristic curve (ROC) analysis
based on a logistic regression model. The logistic regres-
sion model included the individual study cardiovascular
endpoint (binary data) as the dependent variable with
individual lipoprotein variables (continuous) as the predic-

tor variable. By applying various cut points to the predicted
probability obtained from the logistic regression model,
each participant was classified as case or control. For each
cut point, a 2×2 cross-classification table (observed vs
expected based on the model) was constructed and the
corresponding sensitivity (true positive rate) and 1−
specificity (false positive rate) were calculated. The ROC
curve was then constructed by plotting the sensitivity
against 1−specificity for all cut points. The AUC was
calculated by integrating the area between the ROC curve
and the diagonal line (where sensitivity is equal to 1−
specificity) based on the trapezoidal rule [22].

In addition, the effect of atorvastatin on lipid concen-
trations at each annual visit and throughout the trial was
assessed by repeated measurement analysis of variance
analysis based on linear mixed models. These models
included treatment, time and treatment by time interaction
as the major fix factors and individual participants nested in
the treatment as the cluster unit.

All analyses are performed at a two-sided significance
level of 0.05 using SAS statistical software (version 8.12;
SAS Institute, Cary, NC, USA).

Results

Cardiovascular outcomes As previously reported, the pri-
mary endpoint was decreased by 37% (95% CI 17–53%) on
active treatment compared with placebo, acute coronary
events by 36% (9–55%) and stroke by 48% (11–69%; all
p<0.05) [17]. All-causemortality declined by 27% (−1.48%),
which was of borderline significance p=0.0592) overall, but
significant in the final year [17].

Change in lipids, lipoproteins and apolipoproteins At
baseline, patients allocated to active atorvastatin or placebo
were closely matched to their lipid, lipoprotein and apolipo-
protein levels as previously reported [16]. Thus, in the 2,627
patients in whom complete laboratory data were available at
baseline, mean serum cholesterol was 5.36±0.82 mmol/l
(mean±SD), LDLC 3.04±0.71 mmol/l, non-HDLC
3.95±0.83 mmol/l, HDLC 1.40±0.33 mmol/l, ApoA-I
1.53±0.29 g/l and ApoB 1.16±0.24 g/l. The mean difference
in LDLC concentration on atorvastatin compared with
placebo throughout the trial was 40.9% (mean 95% CI
40.1–41.6%), whereas ApoB decreased by 24.3% (23.4–
25.2%; both p<0.0001). The decrease on atorvastatin com-
pared with placebo in ApoB:ApoA-I was 27.2% (−28.5,
−25.9%; p<0.0001) and, in LDLC:HDLC, −44.6% (−45.6,
−43.5%; p<0.001). HDLC was significantly increased on
active treatment compared with placebo by 1.6% (1.0–2.1%;
p<0.05), but ApoA-I was not significantly changed by
atorvastatin.
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Baseline lipoproteins and cardiovascular outcomes Table 1
shows the change in HR adjusted by treatment for a primary
endpoint in the combined treatment groups predicted by a
1 SD difference in various lipoprotein variables and their
ratios. These are ranked according to p values by χ2. These
are inversely related to the strength of the association. The
most statistically significant increments in HR were pre-

dicted by the ApoB:ApoA-I ratio. Although the less
significant increment in HR for a 1 SD change in LDLC:
HDLC or LDLC was greater than for ApoB:ApoA-I, this
was less statistically significant because the SD was smaller
for ApoB:ApoA-I. The level of statistical significance which
is related to the Cox regression coefficient (β) and its
standard error reveals the true strength of the relationships.

Table 1 The HR of the effect of a 1 SD increment in lipid, lipoprotein and Apo concentrations and ratios at baseline on the risk of a primary
endpoint occurring during the trial in 2,627 participants with complete data yielding 196 (7.5%) events

Rank Baseline variable Model 1a Model 2b

Adjusted HR (95% CI)
for 1 SD increment

Likelihood test Adjusted HR (95% CI)
for 1 SD increment

Likelihood test

χ2 p value χ2 p value

1 ApoB:Apo A-I 1.248 (1.107–1.408) 13.054 0.0003 0.694 (0.294–1.638) 0.696 0.4040
2 LDLC:HDLC 1.260 (1.097–1.447) 10.688 0.0011 1.158 (0.385–3.483) 0.068 0.7944
3 LDLC 1.251 (1.080–1.448) 8.979 0.0027 1.172 (0.416–3.302) 0.091 0.7635
4 ApoB 1.199 (1.044–1.377) 6.613 0.0101 1.634 (0.803–3.324) 1.836 0.1754
5 ApoA1 0.832 (0.716–0.967) 5.728 0.0167 0.546 (0.251–1.062) 3.174 0.0748
6 Non-HDLC 1.167 (1.015–1.342) 4.709 0.0300 0.260 (0.063–1.080) 3.436 0.0638
7 TC:HDLC 1.135 (0.996–1.293) 3.587 0.0582 1.261 (0.449–3.531) 0.194 0.6596
8 Cholesterol 1.139 (0.989–1.312) 3.276 0.0703 2.775 (0.761–10.120) 2.391 0.1220

a Adjusted for treatment alone. The Cox proportional hazard model has been used to calculate this HR, adjusting for treatment effect only. The
p value is a measure of the strength of the association based on likelihood ratio χ2 statistics. The variables are ranked accordingly; HDLC (9),
VLDLC (10), triacylglycerol (11) were not significant
b Adjusted for treatment+all lipids. The Cox proportional hazard model has been used to calculate this HR, adjusting for treatment effect+all lipid
variables displayed in the table including ApoB:ApoA-I ratio, LDLC:HDLC ratio, LDLC, ApoB, ApoA-I, non-HDLC, TC:HDLC ratio and
cholesterol
TC, total cholesterol

Table 2 The HR of the effect of a 1 SD increment in lipid, lipoprotein and Apo concentrations and ratios at baseline on the risk of a primary
endpoint occurring during the trial in 2,627 participants with complete data yielding 196 (7.5%) events (subgroup analysis by treatments)

Rank based
on treatment=
placebo

Baseline
variable

Placeboa Atorvastatinb Treatment×
lipid
interaction

Unadjusted HR
(95% CI) for 1 SD
increment

Likelihood test Unadjusted HR (95% CI)
for 1 standard deviation
increment

Likelihood test p value

χ2 p value χ2 p value

1 ApoB:ApoA-I 1.346 (1.130–1.605) 11.027 0.0009 1.166 (0.967–1.406) 2.599 0.1070 0.3193
2 LDLC:HDLC 1.295 (1.080–1.553) 7.773 0.0053 1.222 (0.987–1.514) 3.370 0.0664 0.6318
3 LDLC 1.272 (1.048–1.545) 5.912 0.0150 1.223 (0.980–1.527) 3.167 0.0751 0.7852
4 ApoB 1.250 (1.042–1.498) 5.804 0.0160 1.139 (0.919–1.411) 1.414 0.2344 0.6952
8 ApoA-I 0.844 (0.696–1.023) 2.988 0.0839 0.814 (0.640–1.034) 2.836 0.0922 0.9091
5 Non-HDLC 1.227 (1.019–1.476) 4.673 0.0306 1.101 (0.890–1.362) 0.782 0.3766 0.4447
7 TC:HDLC 1.190 (1.006–1.408) 4.117 0.0425 1.071 (0.868–1.322) 0.407 0.5237 0.4198
6 Cholesterol 1.217 (1.009–1.467) 4.218 0.0400 1.050 (0.848–1.299) 0.198 0.6559 0.3061

The Cox proportional hazard model has been used to calculate this HR for each treatment group. The p value is a measure of the strength of the
association based on likelihood ratio χ2 statistics. The variables are ranked accordingly based on the placebo group; HDLC (9), VLDLC (10),
triacylglycerol (11) were not significant. The p value for the interaction between treatment and each lipid variable is based on the Wald Test of the
interaction term from a Cox proportional hazard model including treatment, individual lipid variable and the treatment by the corresponding lipid
variable interaction term
TC, total cholesterol
a Primary endpoint event rate: n/N (%)=115/1,297 (8.87%)
b Primary endpoint event rate: n/N (%)=81/1,330 (6.09%)
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Table 2 shows the subgroup analysis by treatments
comparing the predictability of the risk of primary endpoints
among studied lipids and lipoproteins. For the placebo
group, ApoB:ApoA-I ratio remained the strongest significant
risk factor for primary endpoint. Compared with both
treatment groups combined, the rank orders among the first
four lipid/lipoproteins remained the same with only slight
differences in the last four lipids. For the atorvastatin group,
all studied lipid/lipoproteins variables were insignificant.

Table 3 shows the intertertiles analysis of ApoB:ApoA-I
ratio at baseline and HR, both unadjusted for treatment
effect (model 1) and adjusted for treatment effect (model 2).
The results based on ‘adjusted for treatment effect’ and HR
for primary endpoints, CHD endpoints, total mortality and
stroke were very similar to those from an unadjusted
analysis. The relationship between both cardiovascular risk
and all-cause mortality and tertiles of the ApoB:ApoA-I
ratio was stronger compared with other lipoprotein variables
(Fig. 1a,b). Furthermore, it was strongest for the CHD
component of cardiovascular risk (Fig. 1c) and weakest for
stroke for which it had no statistical significance (Fig. 1d).
Both the ApoB:ApoA-I and the LDLC:HDLC ratios also
identified patients at greater risk of CHD than non-HDLC:
HDLC as judged by their ROCs (p=0.0005 and p=0.0125
respectively; Fig. 2). However, the apparently greater AUC
for ApoB:ApoA-I as opposed to LDL:HDLC did not
achieve statistical significance.

Table 3 The effect of increasing baseline ratios of ApoB to ApoA-I on the primary endpoint, CHD death and non-fatal myocardial infarction, all-
cause mortality and stroke

Outcome and tertile Number of events/number
of subjects (event rate)

Model 1 Model 2

Unadjusted HR
(95% CI)

p value HR adjusted for treatment
(95% CI)

p value

Primary endpoint (n=196)
1 39/876 (4.5%) 1 1
2 76/875 (8.7%) 1.905 (1.295–2.803) 0.011 1.906 (1.295–2.804) 0.011
3 81/876 (9.3%) 1.938 (1.322–2.841) 0.0007 1.930 (1.316–2.830) 0.0008

CHD + non-fatal myocardial infarction (n=108)
1 17/876 (1.9%) 1 1
2 40/875 (4.6%) 2.293 (1.300–4.044) 0.0042 2.294 (1.300–4.046) 0.0042
3 51/876 (5.8%) 2.798 (1.615–4.894) 0.0002 2.791 (1.610–4.836) 0.0003

All-cause mortality (n=131)
1 31/876 (3.5%) 1 1
2 47/875 (5.4%) 1.457 (0.926–2.293) 0.1039 1.457 (0.925–2.293) 0.1041
3 53/876 (6.1%) 1.562 (1.002–2.434) 0.0491 1.558 (0.999–2.428) 0.0504

Stroke (n=59)
1 14/876 (1.6%) 1 1
2 24/875 (2.7%) 1.656 (0.857–3.203) 0.1336 1.656 (0.856–3.202) 0.1338
3 21/876 (2.4%) 1.370 (0.695–2.698) 0.3630 1.363 (0.692–2.686) 0.3702

The ratios are expressed as tertiles of the ApoB:ApoA-I distribution (for 2,627 participants with complete data): tertile 1, <0.685; tertile 2, ≥0.685
to <0.856; tertile 3, ≥0.856
All HR and Wald p values were calculated on a Cox proportional hazard model including only two indicator variables which contrast the second
tertile and third tertile versus the first tertile in the unadjusted analysis for model 1, and adjusted for treatment effect in model 2

Fig. 1 The HR for (a) primary endpoints (CHD and stroke events;
n=196), (b) CHD death and non-fatal myocardial infarction (n=108),
(c) all-cause mortality (n=131) and (d) strokes (n=59) in the three
tertiles (T1, T2 and T3) of lipid, lipoprotein and apolipoprotein risk
factors and their ratios. TG, triacylglycerol. Black inverted triangle,
ApoB:ApoA-I; white diamond, LDLC:HDLC; white triangle, ApoB;
black circle, LDLC; black square, non-HDLC; white square, TG;
white circle, HDLC, black triangle, ApoA-I
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Lipoprotein levels on treatment and cardiovascular out-
come The first time apolipoproteins were measured per
protocol after baseline in the participants as a whole was at
1 year after commencing treatment. By then, 60 primary
endpoints had occurred. Attention to this early benefit has
previously been drawn [18]. It meant that many of the total
number events in the trial had occurred before the changes
in apolipoproteins with the treatment were measured for the
first time. Thus, it was not possible to relate individual treat-
ment changes to outcomes, because of insufficient subsequent
events. However, the time-dependent Cox proportional
hazard regression model, which included percentage change
in ApoB:ApoA-I adjusted for treatment effect as a covariate,
predicted that the 27.2% decrease in ApoB:ApoA-I on active
treatment would produce a 30.2% (95% CI 4.1–49.2%)
decrease in the primary endpoints, which is similar to the
37% decrease observed in the full study. The reduction in
primary endpoints predicted by the decrease of ApoB:ApoA-I
ratio was almost exclusively due to CHD events. Thus, based
on a similar time-dependent Cox proportional hazard regres-
sion model, it was estimated that the same 27.2% decrease
in ApoB:ApoA-I ratio on active treatment would produce a
32% (5.4–51.2%) reduction in CHD risk which was close to
the 36% decrease observed. None of the lipid, lipoprotein or
apolipoprotein variables, or their ratios, forecast the 48%
decrease in the incidence of strokes.

Discussion

This study provides additional evidence that ApoA-I and
ApoB are more closely associated with atherosclerotic

cardiovascular disease risk, particularly CHD, than other
lipid and lipoprotein variables available in the clinic and is
the first to show this in diabetes. Furthermore, while the
statin benefit in CHD prevention was largely explicable in
terms of changes in ApoB, there was the suggestion that the
decrease in stroke risk may have been at least partly
independent of statin-induced changes in lipids, lipopro-
teins and apolipoproteins.

Several studies have indicated that ApoA-I and ApoB
provide better discrimination of CHD risk than serum
LDLC, HDLC and non-HDLC which are the basis of
current guidance for statin therapy in cardiovascular disease
and CHD prevention [23–25]. A similar conclusion was
reached in a randomised primary prevention trial of
lovastatin [26], in a non-diabetic population. Ours is the
first to do so in type 2 diabetes. The ApoB:ApoA-I ratio
was more closely associated with cardiovascular and CHD
risk than other lipoprotein variables as judged by the Cox
proportional hazard model. Furthermore, most of the
observed reduction in cardiovascular and CHD events was
explained by the statin-induced change in the ApoB:ApoA-I
ratio and the predictive model derived from pre-treatment
(baseline) values. However, by ROC analysis, although not
clearly better than non-HDLC:HDLC, the ApoB:ApoA-I
ratio did not significantly improve on LDLC:HDLC.
Although ROC methods have their limitations [27], we
would nonetheless concede the argument that a more
accurate prediction of cardiovascular risk with ApoA-I
and ApoB, while it may be of theoretical interest, might be
of little quantitative clinical value over measurement of the
LDLC:HDLC ratio. Non-HDLC and indices depending on
non-HDLC were, however, significantly less accurate in
predicting cardiovascular risk than either the ApoB:ApoA-I
or the LDLC:HDLC ratios.

Relevant to the issue over whether ApoB should replace
measurement of LDLC in clinical practice is also the
accuracy with which it can be routinely measured. It is
likely that LDLC and non-HDLC were shown to their best
advantage in CARDS, not least because in patients in
whom triacylglycerol levels were too high for the use of the
Friedewald formula, ultracentrifugation was used to remove
triacylglycerol before HDLC was measured [6]. Such a
procedure cannot be automated, is impracticable and too
costly for routine laboratory use. Commercially available
third-generation HDLC methods used in routine laborato-
ries may introduce considerable bias compared with CDC
standards [6]. Future studies should, therefore, concentrate
on the relative accuracy and cost of automated ApoB and
ApoA-I assays and/or direct, automated LDLC compared
with LDLC calculated from results of routinely used HDLC
methods.

Neither the ApoB:ApoA-I ratio nor any of the other
variables studied here explained the 48% decrease in stroke

Fig. 2 ROCs for the prediction of the primary endpoint by baseline
ApoB:ApoA-I (0.5925±0.0210) (AUC±SE), LDLC:HDLC (0.5700±
0.0210) and non-HDLC:HDLC (0.5456±0.0209). The AUC for
ApoB:ApoA-I and LDLC:HDLC were statistically significantly greater
than that for non-HDLC:LDLC (p=0.0005 and 0.0125 respectively).
For ApoB:ApoA-I vs LDLC:HDLC, p=0.1286. Red line, ApoB:
ApoA-I; blue line, LDLC:HDLC; green line, non-HDLC:HDLC
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in CARDS. Results of other trials support our finding that
statins can decrease ischaemic stroke risk [28–30]. How-
ever, this favourable effect of atorvastatin on stroke risk
may be through a mechanism not directly mediated by the
changes in lipoprotein levels. Although it must be conceded
that stroke incidence was lower than that of CHD in
CARDS and that there may have been too few strokes to
detect a statistically significant association with lipopro-
teins, the relationship between the mean decreases in LDLC
achieved in other trials and the decrease in stroke risk is
also generally less strong than for CHD [28]. In epidemi-
ological studies, stroke incidence is also strongly associated
with lipoproteins that are associated with CHD [31, 32]. A
further study is underway to examine whether in CARDS
the stroke outcome relates to pleiotropic effects of
atorvastatin, such as the decrease in C-reactive protein [33].

In conclusion, ApoB and ApoB:ApoA-I ratio were only
marginally better than LDLC:HDLC in predicting cardio-
vascular risk in type 2 diabetes. Understanding the
mechanism by which statins prevent stroke may lead to
the development of more effective therapy.
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