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OBJECTIVE — Diabetes, a major health problem worldwide, increases the risk of cardiovas-
cular disease and its associated mortality. Evidence of the overall benefits of lipid modification in
this area is needed.

RESEARCH DESIGN AND METHODS — The Long-Term Intervention with Pravasta-
tin in Ischemic Disease (LIPID) trial showed that cholesterol-lowering treatment with pravastatin
reduced mortality and coronary heart disease (CHD) events in 9,014 patients aged 31-75 years
with CHD and total cholesterol 4.0—7.0 mmol/l. We measured the effects of pravastatin therapy,
40 mg/day over 6.0 years, on the risk of CHD death or nonfatal myocardial infarction and other
cardiovascular outcomes in 1,077 LIPID patients with diabetes and 940 patients with impaired
fasting glucose (IFG).

RESULTS — In patients allocated to placebo, the risk of a major CHD event was 61% higher
in patients with diabetes and 23% higher in the IFG group than in patients with normal fasting
glucose, and the risk of any cardiovascular event was 37% higher in the diabetic group and 19%
higher in the IFG group. Pravastatin therapy reduced the risk of a major CHD event overall from
15.9 to 12.3% (relative risk reduction [RRR] 24%, P < 0.001) and from 23.4 to 19.6% in the
diabetic group (19%, P = 0.11); in the diabetic group, the reduction was not significantly
different from the reductions in the other groups. Pravastatin reduced the risk of any cardiovas-
cular event from 52.7 to 45.2% (21%, P < 0.008) in patients with diabetes and from 45.7 to
37.1% (26%, P = 0.003) in the IFG group. Pravastatin reduced the risk of stroke from 9.9 to
6.3% in the diabetic group (RRR 39%, CI 7-61%, P = 0.02) and from 5.4 to 3.4% in the IFG
group (RRR 42%, CI =9 to 69%, P = 0.09). Pravastatin did not reduce the incidence of diabetes.
Over 6 years, pravastatin therapy prevented one major CHD event (CHD death or nonfatal
myocardial infarction) in 23 patients with IFG and 18 patients with diabetes. A meta-analysis of
other major trials confirmed the high absolute risks of diabetes and IFG and the absolute benefits
of statin therapy in these patients.
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CONCLUSIONS — Cholesterol-lowering
treatment with pravastatin therapy prevents car-
diovascular events, including stroke, in patients
with diabetes or IFG and established CHD.

Diabetes Care 26:2713-2721, 2003

iabetes is the most common endo-

crine disorder worldwide, with an

estimated prevalence of 140 million
adults in 1997 (1). As many adults have
an elevated fasting glucose level, or im-
paired fasting glucose (IFG) (2,3), which
is not a clinical entity but a risk factor for
future developmentofdiabetesand macro-
vascular disease. Cardiovascular disease
complications are now the leading causes
of morbidity and mortality in people with
diabetes (4). Diabetes increases the risk of
developing cardiovascular disease up to
fivefold, and as many as 80% of patients
with type 2 diabetes die from cardiovas-
cular complications. This high risk is not
completely explained by traditional risk
factors (5,6). IFG is also associated with
cardiovascular disease (7,8), but it is un-
clear whether it is an independent risk
factor because it commonly coexists with
other cardiovascular risk factors present
in the metabolic syndrome.

The hope that controlling blood glu-
cose will substantially reduce the macro-
vascular complications of diabetes has not
been realized in clinical trials (9,10), al-
though rates of microvascular complica-
tions have been significantly reduced (9).
Patients with diabetes also have poorer
outcomes after an acute macrovascular
event (11,12), so the role of other thera-
pies, such as lipid lowering, in preventing
further vascular disease in diabetes needs
to be defined.

Two recent trials of cholesterol-
lowering therapy, using hydroxymethyl-
glutaryl (HMG)-CoA reductase
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11106 screened

| 9014 randomized l

T

Allocated to placebo

Diabetes 535
IFG 466
NFG 3501
Total 4502

Continued with study
medication through follow-

up

Diabetes 382
IFG 363
NFG 2646
Total 3491

Lost to follow-up 1
Vital status known at
study end 4501

Allocated to pravastatin

Diabetes 542
IFG 474
NFG 3496
Total 4512

Continued with study
medication through follow-

up

Diabetes 417
IFG 380
NFG 2863
Total 3660

Lost to follow-up 0
Vital status known at
study end 4512

Figure 1—Numbers of patients in the LIPID study by baseline glucose status. During the trial,
23.8% of patients on placebo commenced cholesterol-lowering therapy.

inhibitors, in people with established cor-
onary heart disease (CHD) have reported
clinically important treatment benefits in
patients with diabetes. The Scandinavian
Simvastatin Survival Study (4S) reported
a 42% lower rate of major CHD events
(CHD death or nonfatal myocardial in-
farction) among patients with diabetes
randomized to 20—40 mg simvastatin
daily than in those on matching placebo
(12). The 483 patients with clinical dia-
betes all had elevated total cholesterol lev-
els (mean 6.7 mmol/l), which is well
above average population levels. In the
Cholesterol and Recurrent Events trial
(CARE), which included 586 patients
with diabetes, treatment with pravastatin
reduced the relative risk of coronary
events (CHD death, nonfatal myocardial
infarction, and revascularization) by 25%
(13). The mean cholesterol level of 5.3
mmol/l in this group was closer to the
average level of the general population.
The Long-Term Intervention with

Pravastatin in Ischemic Disease (LIPID)
trial showed that coronary and total mor-
tality were significantly reduced by long-
term pravastatin therapy among 9,014
patients with prior myocardial infarction
or unstable angina when compared with
placebo (14). The LIPID study included
more patients with diabetes and more pa-
tients with IFG than the previous studies
of HMG-CoA reductase inhibitors, pro-
viding an opportunity to study their re-
sponse to treatment. The results from the
three major trials (LIPID, 4S, and CARE)
provided an opportunity to also explore
the results from a larger number of pa-
tients with diabetes by meta-analysis. In
CARE, the same dose of pravastatin was
used and patients were similar; in 4S,
20-40 mg/day of simvastatin was used in
patients with prior CHD but above-average
cholesterol levels (5.5—-8.0 mmol/l).

In this LIPID substudy, we aimed to
measure the effects of pravastatin therapy
on major CHD events (CHD death or

nonfatal myocardial infarction) in pa-
tients with diabetes or IFG. Secondary
outcomes for this substudy were cardio-
vascular death, death from any cause,
CHD death, revascularization, stroke,
and an expanded end point: CHD death,
nonfatal myocardial infarction, hospital-
ization for unstable angina, stroke, or re-
vascularization by coronary artery bypass
graft surgery or percutaneous translumi-
nal coronary angioplasty.

RESEARCH DESIGN AND
METHODS — The study design has
been described previously (14,15). Peo-
ple who were 31-75 years of age and had
suffered a myocardial infarction or hospi-
tal admission for unstable angina 3-36
months before registration were eligible
for the LIPID trial if plasma total choles-
terol was 4.0—7.0 mmol/l and fasting trig-
lycerides <5.0 mmol/l. Patients were
screened in 87 centers in Australia and
New Zealand. After an 8-week placebo
run-in phase, 9,014 patients were ran-
domly allocated to receive pravastatin 40
mg daily or matching placebo. Analysis of
the results in the subgroup of patients
with diabetes was prespecified in the pro-
tocol. It was later decided to also present
the results of the treatment effects in the
diabetic and IFG groups combined be-
cause both conditions represent different
stages of the same disease process and the
larger number of events allowed more re-
liable comparisons. The prespecified pri-
mary outcome for all LIPID trial subgroup
analyses was death from CHD or nonfatal
myocardial infarction (combined).

Patients with abnormal glucose
levels

All patients were asked at the first screen-
ing whether they had ever been diagnosed
with diabetes. The present American Di-
abetes Association cut points for the diag-
nosis of diabetes and for IFG were used to
classify the subgroups according to a sin-
gle fasting venous plasma glucose level
measured at baseline (Fig. 1) (3). The
availability of a single glucose measure-
ment was considered adequate for epide-
miological purposes at the time the study
commenced, although not for the clinical
diagnosis of diabetes. This may have re-
sulted in some misclassification between
groups, but this would have been nondif-
ferential, resulting in more conservative
estimates of differences between groups
in risks and effects of treatment.
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Table 1—Baseline characteristics of 9,014 patients in the LIPID study by glucose status

Characteristic Diabetes IFG NFG
n 1,077 940 6,997
Age (years) 64 (57-68) 63 (55-67.5) 62 (55-67)
Age-group (years)

=65 45 40 38
Sex

Female 19 15 17
Qualifying event

Myocardial infarction 63 62 64

Unstable angina 37 38 36
Coronary risk factors

Current smoker 9 11 9

History of hypertension 52 46 39

Obesity 32 25 15
Other vascular disease

Claudication 15 10 9

History of stroke 6 6 3
Drug use

Insulin 10 0 0

Oral hypoglycemic 38 0 0

Data are percent of median (interquartile range). *The differences in the proportions among the three groups
were significant (x” test for heterogeneity P < 0.05) for all baseline characteristics.

Patients who identified themselves as
having diabetes (782 patients [8.7%]) and
the 295 (3.3%) patients with probable
undiagnosed diabetes (fasting plasma
glucose =7.0 mmol/l) constituted the di-
abetic group (1,077 patients [11.9%]). Of
the patients without diabetes, 940
(10.4%) were classified as having proba-
ble IFG (fasting plasma glucose 6.1-6.9
mmol/l) and 6,997 (77.6%) as having
normal fasting glucose (NFG; fasting
plasma glucose =6.0 mmol/l). Of those
classified as having diabetes, 28 of 1,077
(2.6%) had type 1 diabetes. Metformin
treatment was being taken by 136 pa-
tients and sulfonylureas by 358, of whom
84 were receiving both. Patients with no
history of diabetes and who provided no
baseline plasma glucose measurement
(23 10.3%]) were considered to have NFG
to ensure conservative estimates in the
analyses. In total, 2,017 patients (22.4%)
showed glucose metabolism abnormali-
ties at entry to the study; 1,001 were as-
signed to placebo and 1,016 to active
treatment (Fig. 1).

Lipid measurements and
management

Plasma cholesterol levels were measured
by the core laboratory at baseline, 6
months later, yearly from baseline, and at
study end. Fasting HDL cholesterol and

triglyceride levels were measured at base-
line, 1, 3, and 5 years later, and at study
end. LDL cholesterol was estimated indi-
rectly using the Friedewald formula (16).
Apolipoprotein B levels were also mea-
sured at baseline and after 1, 3, and 5
years.

The study personnel and the patients
remained blinded to the on-trial lipid re-
sults. The patients’ usual care, including
other cholesterol-lowering treatment,
continued to be under the direction of
their own doctors. The results of the other
large-scale trials of HMG-CoA reductase
inhibitors (17-19) were communicated
to the patients and their doctors, with fur-
ther clarification that open-label choles-
terol-lowering therapy could be
commenced if this was found necessary.
Compliance with study medication, any
hospital admissions, serious adverse
events, and study outcomes were moni-
tored at routine 6-month clinic visits.

Classification and review of
outcomes

The Outcomes Assessment Committee or
the Stroke Adjudication Committee,
which was blinded to each patient’s
study treatment, reviewed all deaths,
myocardial infarctions, and strokes. An
independent safety and data monitoring
commiittee monitored progress. The trial

Keech and Associates

was planned to continue until 700 CHD
deaths had occurred, unless the trial was
stopped early following an interim analy-
sis showing a difference of at least 3 SDsin
all-cause mortality or serious adverse
events associated with pravastatin treat-
ment (15). The trial was conceived, man-
aged, and analyzed independently of the
sponsor. All patients gave written in-
formed consent, and the ethics committee
for each participating center approved the
trial.

Statistical analysis

All analyses were performed on an inten-
tion-to-treat basis. All P values were un-
adjusted for multiple comparisons.
Statistical significance was determined at
P < 0.05 (two tailed). Time-to-event
analyses used the log-rank test stratified
by qualifying event (20). Estimates of rel-
ative risk reduction (RRR) and 95% Cls
were derived from the Cox proportional
hazards model (21). In analyses, patients
with diabetes or IFG were considered as
separate groups and also as a single group
with abnormal fasting glucose (AFG). The
variation in the effect of pravastatin
among the fasting glucose subgroups was
evaluated using the interaction in a Cox
model. The number needed to treat was
calculated in all cases using the common
RRR for the whole cohort and may be un-
reliable for some individual groups. The
meta-analysis used published data with
odds ratios and a fixed-effects model (22).

RESULTS

Clinical characteristics and lipid
levels

Patients with diabetes were older and
more often obese than patients with NFG,
and the diabetic group included more
women and more patients with a history
of hypertension, claudication, stroke, and
transient ischemic attack (Table 1). Ther-
apy with calcium-channel antagonists,
ACE inhibitors, nitrates, and diuretics
were all more common in the diabetic
group. In the IFG group, these character-
istics and the levels of drug use were in-
termediate. Balance in important
prognostic variables between those allo-
cated to pravastatin and those allocated to
placebo was excellent (14).

The three groups differed in baseline
lipid levels (all P < 0.001). Fasting levels
of total cholesterol, and HDL and LDL
cholesterol were lower in the diabetic
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Table 2—Baseline serum lipid and glucose levels (mmol/l) by glucose status

Lipid Diabetes IFG NFG

n 1,077 940 6,997

Total cholesterol 5.56 (4.98-6.10) 5.62 (5.09-6.27) 5.67 (5.09-6.22)
LDL cholesterol 3.70 (3.16-4.20) 3.80 (3.33-4.38) 3.91 (3.42-4.43)
HDL cholesterol 0.86 (0.75-1.01) 0.90 (0.78-1.04) 0.93 (0.80-1.09)
Triglycerides 1.90 (1.36-2.69) 1.72 (1.26-2.40) 1.53 (1.14-2.08)
Total/HDL cholesterol ratio 6.41 (5.38-7.53) 6.26 (5.21-7.36) 6.03 (5.09-7.05)
Apolipoprotein B 1.35(1.19-1.53) 1.34(1.18-1.52) 1.32(1.16-1.49)

Fasting glucose

7.7 (6.9-9.4)

6.3 (6.2-6.6) 5.2 (4.9-5.5)

Data are median (interquartile range).

group, whereas triglyceride levels were
higher (Table 2). Lipid levels of those with
IFG were intermediate.

Effect of pravastatin treatment on
blood lipids

The responses of blood lipids to pravasta-
tin were very similar in all three groups
with the exception of triglycerides, for
which levels fell most in the diabetic
group (Fig. 2). Apolipoprotein B levels,
which reflect the total number of athero-
genic lipoprotein particles and predict the
risk of fatal myocardial infarction (23,24),
fell by a similar proportion in the three
groups.

The percentages of patients who per-
manently discontinued the study medica-
tion were significantly different in the
three groups: 18% for NFG, 20% for IFG,
and 23% for the diabetic group (P =
0.006). Prescription of active lipid-
lowering therapy for those allocated to
placebo increased progressively over
time, which contributed to a 5% fall from
baseline in mean blood cholesterol by
study end. In the placebo group, 23%
with diabetes, 22% with IFG, and 24%
with NFG, respectively, dropped in to
cholesterol-lowering medication. Patients
withdrew from study medication over a
similar time course; the observed differ-
ence in total cholesterol with pravastatin
treatment fell from 21% at 1 year to 18%
at 5 years.

Cardiovascular event rates by
glucose status

In patients allocated to placebo, event
rates were higher in those with diabetes
than in the other groups (Figs. 3 and 4).
For patients with diabetes compared with
patients with NFG, the absolute excess
risks were 8.9% for CHD death or non-

fatal myocardial infarction and 6.3% for
stroke, although their baseline cholesterol
levels were similar. The risk of any cardio-
vascular event was 1.4 times (95% CI
1.3-1.5) the risk for those with NFG.

In placebo patients with IFG, the ab-
solute excess risks were 3.3% for CHD
death or nonfatal myocardial infarction
and 1.8% for stroke. The risk of any car-
diovascular event was 1.2 times (95% CI
1.1-1.3) the risk for those with NFG.

Cardiovascular event rates and
pravastatin

Allocation to pravastatin was associated
with lower observed risks of all major car-
diovascular end points for all three pa-
tient groups (Figs. 3 and 4). For most end
points, RRRs were similar, but the mea-
sured reductions in absolute risk associ-
ated with pravastatin treatment were
greater among those with diabetes and
IFG than in those with NFG. Despite
pravastatin treatment, the event rates for
these outcomes among patients with dia-
betes were mostly higher than among

those with NFG allocated to placebo. In
contrast, for all end points, those with IFG
allocated to pravastatin had lower event
rates than patients with NFG allocated to
placebo.

For the primary combined outcome
of CHD death or nonfatal myocardial in-
farction, pravastatin therapy reduced the
risk among all patients from 15.9 to
12.3% (RRR 24%, P < 0.001). In patients
with diabetes, the RRR was 19% (23.4 vs.
19.6%, P = 0.11) compared with 23%
(14.5 vs. 11.3%, P < 0.001) in the NFG
group. The RRR in the IFG group was
36% (17.8 vs. 11.8%, P = 0.009); these
treatment effects were not significantly
different from one another (test for inter-
action, P = 0.53) (Fig. 3). The absolute
risk was larger in the diabetic group
(23.4%) than in the NFG group (14.5%),
so the estimated number needed to treat
to prevent one event, based on the com-
mon risk reduction, was lower in the di-
abetic group (n = 18) than in the NFG
group (n = 29).

Pravastatin reduced the risk of stroke
from 9.9 to 6.3% in the diabetic group
(RRR 39%, CI 7-61%, P = 0.02) and
from 5.4 to 3.4% in the IFG group (42%,
CI =9 to 69%, P = 0.09). Pravastatin
therapy thus reduced the absolute risk of
stroke by 3.6% in the diabetic group and by
2.0% in the IFG group, compared with only
0.2% in the NFG group. A similar trend was
seen for the expanded end point (any major
cardiovascular event) and for coronary re-
vascularization procedures.

Among all patients with AFG (diabetes
and IFG combined), the increased numbers
of events resulted in statistically significant

10
Total LDL
cholesterol cholesterol Triglycerides ~ ApoB
0 -
HDL
@ cholesterol
2
£ .10
(&
ONFG
20 mIFG
O Diabetes
-30

Figure 2—Changes in blood lipid levels with pravastatin therapy compared with placebo over 5
years in subgroups by glucose status in the LIPID study. ApoB, apolipoprotein B.
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Events/patients in group (%)

% risk reduction

Pravastatin group Placebo group Hazard ratio (95% CI) NNT
CHD death or nonfatal myocardial infarction
Diabetes 106/542 (19.6) 125/535 (23.4) +— 19 18
IFG 56/474 (11.8) 83/466 (17.8) S — 36 23
AFG 162/1016 (15.9) 208/1001 (20.8) —l:— 26 20
NFG 395/3496 (11.3) 507/3501 (14.5) - 23 29
All patients  557/4512 (12.3)  715/4502 (15.9) <= 24 (15-32)* 26
CABG or PTCA
Diabetes 75/542 (13.3) 97/535 (18.1) —I—T—— 30 28
IFG 64/474 (13.5) 77/466 (16.5) - 23 30
AFG 136/1016 (13.4) 17471001 (17.4) — . 27 29
NFG 449/3496 (12.8) 534/3501 (15.3) - 17 33
All patients 585/4512 (13.0) 708/4502 (15.7) <t 20 (10-28)* 32
Stroke
Diabetes 34/542 (6.3) 53//535 (9.9) —_— 39 53
IFG 16/474 (3.4) 25/466 (5.4) | 42 97
AFG 50/1016 (4.9) 78/1001 (7.8) —I—: 40 67
NFG 119/3496 (3.4) 126/3501 (3.6) —1——.—— 6 146
All patients  169/4512 (3.7)  204/4502 (4.5) <t 19 (0-34) 117
Any cardiovascular event
Diabetes 245/542 (45.2) 282/535 (52.7) _.-T_ 21 13
IFG 176/474 (37.1)  213/466 (45.7) —a— 26 15
AFG 421/1016 (41.4) 495/1001 (49.5) —.—’ 23 13
NFG 1205/3496 (34.5) 1348/3501 (38.5) i 13 17
All patients 1626/4512 (36.0) 1843/4502 (40.9) + 15 (11-18)* 16

P f P
0.2 0.4 0.6 0.8 1.0 1.2 1.4

Pravastatin better

Pravastatin worse

Figure 3—Effects of pravastatin on cardiovascular end points over a median of 6 years by glucose status. RRRs were derived from the Cox
proportional hazards model. P for heterogeneity between end points = 0.7, within end points = 0.4. The lines show 95% Cls for each glucose group
and the diamonds show 95% CIs for all patients. CABG, coronary artery bypass grafting; NNT, number needed to treat (based on the common RRR
for the whole cohort); PTCA, percutaneous transluminal coronary angioplasty. *P < 0.001; P = 0.048.

reductions in major coronary events,
stroke, and cardiovascular events, suggest-
ing that separately nonsignificant results for
these outcomes for the diabetic and IFG
groups related to statistical power rather
than an absence of benefit (Fig. 3).

Development of new diabetes during
follow-up

Of the 6,997 patients with NFG at study
entry, over the mean 6.0 years of follow-
up, 264 patients (3.8%) developed diabe-
tes, as evidenced by a fasting blood

glucose level of =7 mmol/l or reported
use of oral hypoglycemic medication or
insulin. There was no apparent effect of
pravastatin on the development of new
diabetes: 138 (4.5%) of the survivors
among those allocated to placebo and
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Diabetes compared with NFG

IFG compared with NFG
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Figure 4—Kaplan-Meier plots showing the effects of pravastatin on CHD events (CHD death or nonfatal myocardial infarction) and stroke by

glucose status.

126 (4.0%) of the survivors allocated to
pravastatin developed diabetes (P =
0.32). In the IFG group, 9.2% of the
placebo group survivors and 9.7% of
the pravastatin group survivors devel-
oped diabetes.

Meta-analysis of secondary
prevention trials

A total of 2,782 major coronary events
(coronary death or nonfatal myocardial
infarction) occurred among 17,445 indi-
viduals with recorded glucose status dur-
ing scheduled follow-up in LIPID, CARE,
and 4S combined, and 499 strokes among
13,046 individuals with recorded glucose
status in LIPID and CARE combined
(stroke results for 4S by glucose status
were not found in the published litera-
ture). Large, clinically important reduc-
tions were seen in major coronary events
in all glucose groups. Long-term alloca-
tion to statin therapy reduced coronary
events by 28% overall in diabetes (P =
0.001),39% in IFG (P < 0.0001), and 29%

in NFG (P < 0.0001) without evidence of
statistical heterogeneity (P > 0.15) between
individual study results within any category
of glucose status (Fig. 5).

Statin therapy reduced stroke events
by 32% (P = 0.04) overall in diabetes,
39% in IFG (P = 0.08), and 15% in NFG
(P = 0.1) without evidence of statistical
heterogeneity (P > 0.4) between study
results. For both outcomes, the absolute
event rate in the placebo groups was sub-
stantially higher among those with diabe-
tes than those with IFG, with the lowest
rate observed in those with NFG, which is
consistent with the results of the LIPID
study.

CONCLUSIONS — The LIPID study
confirms that patients with a history of
myocardial infarction or unstable angina
and diabetes or IFG have a substantially
higher risk of cardiovascular events. The
risk of a major coronary event (CHD
death or nonfatal myocardial infarction)
for placebo patients with clinically diag-

nosed diabetes in the LIPID study was 1.6
times that of patients with NFG, com-
pared with ~1.8 times in CARE or 4S
(12,13). For patients with IFG on placebo
in the LIPID study, the risk of a major
coronary event was 1.2 times that of pa-
tients with NFG (a significant difference)
compared with nearly 1.2 times in 4S and
nearly 1.3 times in CARE.

Treatment with pravastatin conferred
clinical benefits across all groups, but in
those with IFG or diabetes, the absolute
risk reductions were greater. For exam-
ple, over 6 years, preventing a single
death from any cause would require treat-
ing 39 patients with NFG but only 23
patients with IFG or diabetes. Prevent-
ing one CHD death or myocardial infarc-
tion would require treating 29 patients
with NFG compared with 20 patients
with IFG or diabetes. Treating 33 patients
with NFG or 29 patients with IFG or dia-
betes would prevent one revasculariza-
tion procedure.

Together with the other major stud-
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Events/patients in group (%)

Statin group Placebo group Risk ratio Risk reduction (+SE) P

CHD death or nonfatal myocardial infarction

Diabetes

48 59/251 (23.5) 87/233 (37.2) ——

CARE 500282 (17.7) 62/304 (20.4) T

LIPID 106/542 (19.6) 125/535 (23.4) { L

Alltrials 21511075 (20.0) 274/1072 (25.6) 28% (+9) 2P=0.001

Impaired fasting glucose
48 67/343 (19.5) 102/335 (30.4)

CARE 21/181 (11.6) 24/161 (14.9)

LIPID 56/474 (11.8) 83/466 (17.8)

All trials 144/998 (14.4) 209/962 (21.7) 39% (+9) 2P<0.0001

Normal fasting glucose

<i>
____._'._____.__
l
|
-
<l>
45 299/1616 (18.6) 428/1631 (26.2) _.'l_
|
——
<>

CARE 132/1555 (8.5) 179/1549 (11.6)

LIPID 305/3496 (11.3) 507/3501 (14.5)

All trials 826/6657 (12.4) 1114/6681 (16.7) 29% (+4) 2P<0.0001
Stroke

Diabetes

CARE 19/282  (6.7) 24/304 (7.9) :

LIPID 34/542  (6.3) 53/535 (9.9) =

Both trials 53824  (6.4) 77839 (9.2) <l>. 32% (x15)  2P=0.04

Impaired fasting glucose

CARE 3181 (1.7) 5161  (3.1)

LIPID 16/474 (3.4 25/466 (5.4)" i

Both trials 19/655  (2.9) 300627  (4.8) —_— 39% (x23)  2P=008

Normal fasting glucose

CARE 28/1555  (1.8) 4711549  (3.0) = l
!
LIPID 119/3496  (3.4) 126/3501  (3.6) [ i
Both trials 147/5051  (2.9) 173/5050  (3.4) T 15% (£10)  2P=0.1
05 1.0 15
Statin better Statin worse

Figure 5—Meta-analysis of CHD secondary-prevention trials of effects of statin therapy in patients with a history of diabetes and patients with IFG
or NFG: effects of statin drugs on CHD end points. Risk reductions and SEs were calculated using a fixed-effects model.

DiaBETES CARE, VOLUME 26, NUMBER 10, OcTOBER 2003 2719



|
Cardiovascular event reduction with pravastatin

ies, LIPID provides clear evidence for the
benefits of treatment with an HMG-CoA
reductase inhibitor for secondary preven-
tion of CHD in patients with diabetes or
IFG. Meta-analysis of data from 4S,
CARE, and LIPID supports the findings of
LIPID alone with regard to coronary
events and stroke. The baseline levels of
plasma cholesterol were 4.0-7.0 mmol/l
in LIPID (14), very similar in CARE (13),
and 5.5-8.0 mmol/l in 4S (17), so the
findings are applicable across a wide
range of cholesterol levels, covering
nearly all patients with diabetes and CHD
seen in clinical practice.

The effects of pravastatin therapy in
reducing stroke in diabetes are also espe-
cially important. The rates of stroke were
substantially higher among those with di-
abetes and IFG, and treatment was more
effective in these groups than in the group
with NFG.

An unexpected outcome of the West
of Scotland Coronary Prevention Study
(WOSCOPS), a study of primary preven-
tion with pravastatin, was a 30% reduc-
tion with pravastatin in the risk of
developing diabetes during the study
(25). Triglyceride-lowering or anti-
inflammatory properties of pravastatin
were postulated as a possible mechanism.
In LIPID, the pravastatin and placebo
groups did not differ in the rates at which
they developed diabetes. The studies
were of similar size, but LIPID had an
older cohort with a median age of 62 years
(14); the mean age in WOSCOPS was 55
years (18). In LIPID, 17% of the patients
were women, whereas WOSCOPS only
studied men. Finally, subjects in LIPID
had clinical evidence of prior CHD, but
those in WOSCOPS did not. However,
the recently completed U.K. Heart Protec-
tion Study (HPS) (26) also reported no
effect of statin therapy on the develop-
ment of diabetes in a wide range of pa-
tients. Only 139 patients developed
diabetes in WOSCOPS, suggesting that
this finding could be plausibly related to
random imbalances at baseline.

The worldwide prevalence of diabetes
is expected to double between 1997 and
2010 (27). This prediction has led the
World Health Organization to identify di-
abetes as one of the three largest health
problems to be tackled globally at the start
of this millennium. The meta-analysis
(Fig. 5) presents strong evidence of the
benefit of cholesterol-lowering therapy
with statins for patients with prior CHD

and diabetes or IFG. The HPS findings of
a 17% reduction in major CHD events
and a 27% reduction in major cardiovas-
cular events with simvastatin in patients
with prior CHD and diabetes support our
results (26). The HPS further extends the
findings to people with diabetes without
prior cardiovascular disease, showing a
similar proportional risk reduction in
people at lower absolute risk. In the HPS,
however, fasting blood glucose was not
measured at baseline, so this study offers
no additional information about patients
with IFG, with or without vascular dis-
ease.

Two further studies that included
people with diabetes have recently been
published, but so far neither has reported
results for people with IFG. The Anglo-
Scandinavian Cardiac Outcomes Trial
(ASCOT-LLA) was terminated early after
3.3 of 5 years’ scheduled follow-up, re-
porting an overall 36% (CI 17-50%, P <
0.001) reduction in coronary events with
10 mg atorvastatin daily. There was, how-
ever, only a nonsignificant trend to fewer
primary end point events among 2,532
people with diabetes (28). In the Antihy-
pertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial
(ALLHAT-LLT), allocation to pravastatin
40 mg daily resulted in an average differ-
ence in cholesterol levels of only 9.6%,
owing to free use of statins in the control
(usual-care arm), and resulted in no sig-
nificant reduction in events overall or sep-
arately in the 3,638 people in the diabetic
group (29). A third study, the Collabora-
tive Atorvastatin Diabetes Study (CARDS)
(30), recently concluded early, appar-
ently because of significant benefits of
atorvastatin 10 mg daily on a composite
cardiovascular end point in >2,800 peo-
ple with diabetes at high risk for, but with
no prior, clinical coronary disease
(H.A.W. Neil, personal communication).

Because patients with diabetes and es-
tablished CHD have a high absolute risk
of further events, substantial and pro-
longed reductions in their blood choles-
terol levels are imperative. With
pravastatin therapy, their RRR is similar to
that of patients without diabetes but their
absolute risk reduction is greater, so the
number needed to treat to reduce cardio-
vascular events is less and, therefore, the
cost-effectiveness of therapy is greater
(31). The LIPID study reliably confirms
that for patients with established CHD,
the absolute benefits of statin treatment

are substantially greater for those with
AFG. Therapy is clearly indicated in this

group.
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