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Abstract

Purpose The purpose of this study was to evaluate how
total cholesterol (TC) concentration in subjects treated with
statins predicts myocardial infarction (MI) risk in the
absence of low density lipoprotein cholesterol (LDL-C)
measurement in clinical trials and in the setting of usual
care.

Methods A systematic review of published English language
randomised clinical trials comparing statins with placebo that
reported TC changes in subjects with or without prior MI
between 1993 and 2008 was carried out using Medline, the
Cochrane Library, Web of Science and the ISI Web of
Knowledge. In addition, a cohort study of MI patients who
had at least two TC measurements in Tayside, Scotland,
between 1989 and 2002 was performed. The main outcome
was TC concentration changes and risk of subsequent MI.
Results In the meta-analyses of secondary and primary
prevention trials statins decreased TC by 1.54 mmol/L and
1.37 mmol/L versus placebo. Statin-associated TC reduction
translated into a risk reduction of 18% per mmol (RR 0.82;
95%CI 0.72-0.93) for secondary prevention and 24% per
mmol (RR 0.76; 95%CI 0.62-0.93) for primary prevention. In
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the cohort study, statin use reduced TC by 0.98 mmol/L
compared with non statin-use. Statin use was associated with a
28% reduction (adjusted HR 0.72; 95%CI 0.51-0.98) for
recurrent M1

Conclusions Total cholesterol measurements can be used
with confidence in the absence of LDL measurements to
make decisions about statin drug introduction or titration.
Randomised trials of statin therapy had good external
validity and cholesterol changes and outcomes in trials
were comparable to those observed in the setting of usual
care.

Keywords Myocardial infarction - Effectiveness -
Statin treatment - Total cholesterol concentration

Introduction

The benefits of lowering cholesterol concentrations with
statins in both primary and secondary prevention of coronary
heart disease (CHD) have been demonstrated in many studies,
which have focussed on the reduction of low density
lipoprotein cholesterol (LDL-C) and reductions in cardiovas-
cular disease and all-cause mortality [I-11]. However, in
clinical practice clinicians usually base treatment decisions
on total cholesterol concentration (TC) + high density
lipoprotein (HDL-C) measurements. We recently performed
a population-based study to evaluate the effectiveness of
lipid-lowering treatment in the setting of normal care [12].
We observed a net reduction of 1.27 mmol/L in TC
concentration in the general population (reduction of
1.65 mmol/L in the treated cohort minus reduction of
0.38 mmol/L in the non-treated cohort), compared with a
fall of 1.2 mmol/L seen after 3 years in the Heart Protection
Study [1]. We wished to extrapolate this change in total
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cholesterol to an expected risk reduction, but were surprised
to find few data on the relationship between statin-induced
reduction in total cholesterol and prevention of subsequent
events. Therefore, we performed a meta-analysis and a
population-based cohort study to observe how well statin-
associated TC changes predict myocardial infarction (MI)
risk and to compare the outcomes between the settings of
normal care and clinical trials.

Materials and methods
Meta-analysis
Eligibility criteria

1. Randomised controlled trials (RCTs) comparing statins
with placebo that evaluated changes in serum choles-
terol concentration in subjects with or without MI were
eligible.

2. We included only RCTs of at least 4 weeks’ duration.

3. Studies reported on the following outcomes: changes in
serum cholesterol concentration, risk of fatal and/or
non-fatal MI, and/or death from MI. We excluded
studies without information on cholesterol concentra-
tions at baseline and follow-up.

Search strategy

All potentially relevant studies were identified from the
electronic databases (Medline, the Cochrane Library, the
Web of Science, and the ISI Web of Knowledge). The initial
search covered literature published or reported in full in the
English language between January 1993 and February 2008
inclusive. Duplication of searching was used. The key search
words were lipid-lowering treatment, HMG-CoA reductase
inhibitor, statin, pravastatin, simvastatin, atorvastatin, lova-
statin, cerivastatin, fluvastatin, cholesterol levels, cholesterol
concentrations, TC, LDL, low density lipoprotein, HDL, high
density lipoprotein, MI, and coronary heart disease. The title
and abstract of studies identified in the computerised search
were scanned to exclude any that were clearly irrelevant. The
full text of the remaining articles was read to determine
whether they contained information on the topic of interest.

Data extraction

The following information was sought from each article:
author identification, geographic location of the study,
published journal and year, data source, study population,
sample size, population characteristics (age mean [SD] or
range, sex, race, baseline health characteristics), use of
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other MI drugs (ACE inhibitors, anticoagulants, antiplate-
lets, B-blockers), definitions of MI diagnosis, method of
data collection, total number of patients in the treatment and
placebo/no treatment groups, type and dose of statins (when
reported), duration of treatment, baseline and follow-up
cholesterol concentrations (TC, LDL-C, HDL-C, TG
[triglycerides]), lipid levels change in treated vs placebo/
no treatment groups, number and risk of fatal and/or non-
fatal MI, risk ratios of MI, death from MI, missing data
owing to withdrawal of subjects, and loss to follow-up.

Statistical analysis

For cholesterol concentrations, the weighted mean difference
with 95% confidence intervals was calculated by using
the values of baseline and follow-up. Differences were
calculated as the sum of the differences in the individual
studies, weighted by the individual variances for each
study. A pooled relative risk with 95% confidence
intervals was calculated for dichotomous data (fatal or/
and non-fatal MI) by using the Mantel-Haenszel fixed
effects model and/or the DerSimonian—Laird random
effects model [13]. To determine the presence of hetero-
geneity across included studies, the Cochrane’s x> test
(Q-statistics) was used. Meanwhile, inspection of the
graphical display was used to examine the heterogeneity.
The fixed and random effects models were separately used
regarding heterogeneity among the studies.

Observational study

This study was carried out in Tayside, Scotland by using
the Medicines Monitoring Unit database. The data
collection methods for this database have previously
been described [14]. This population-based, record-
linkage database contains several datasets, including all
dispensed community prescriptions, hospital discharge
data, biochemistry results, and other data, which are
linked by a unique patient identifier, the Community
Health Index (CHI).

Study population and subjects

The study population consisted of residents of Tayside
who were registered with a general practitioner between
January 1989 and December 2002, and remained resident
in Tayside until December 2002 or died during the study
period. Patients who were discharged from hospitals after
their first MI entered the study. Patients who were
discharged in 1998 were excluded because of the
incomplete records about statin use in 1998. All MI
patients had at least two different TC concentration
measurements at entry and at the end of follow-up study.
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Patients were categorised into two groups according to
whether or not they were undergoing statin treatment.
Patients who were prescribed a statin after or within
30 days prior to the first discharge from hospital after MI
were enrolled in the statin-treated cohort; and those who
had never used statins were included in the non-statin-
treated cohort. Patients who used other lipid-lowering
drugs were excluded from the non-statin-treated group.

TC measurements

Serum measurements of TC between 1989 and 2002
were recorded in the biochemistry database. Baseline TC
concentrations were the concentrations measured on or
before the date of the first MI in the group that did not
undergo statin treatment. Baseline TC was that measured
prior to first statin use in the statin-exposed group.
Follow-up TC concentrations were the concentrations
measured on the dates of re-hospitalisation for MI or
within 6 months of these dates in patients with recurrent
MI, or the last available measurement in patients without
recurrent MI. Follow-up TC concentrations for patients
who were followed up to death were the last available
TC measurements prior to death.

Outcome variables

The outcomes of the study were TC concentration changes,
recurrent MI events and all-cause mortality during the
follow-up period. A diagnosis of MI was ascertained from
the hospital discharge diagnosis data in the Scottish
Morbidity Record coded by primary International Classifi-
cation of Disease codes (ICD9 and ICD10). Recurrent MI
events were excluded from the analysis if the duration
between recurrent MI and statin treatment was less than
2 months in the statin-treated cohort; and the duration
between recurrent MI and incident MI was less than
2 months in the non-statin-treated cohort. Similar exclusion
criteria applied to the all-cause mortality outcome.

Statistical analysis

Total cholesterol changes were calculated as TC at the
baseline minus TC at the end of follow-up with results
expressed as means (SD). The Cox regression model was
used to assess the benefit of statins on recurrent MI or all-
cause mortality. The covariates were age at entry, sex,
social deprivation category, TC change, and use of drugs
(angiotensin converting enzyme inhibitors, anticoagulants,
antiplatelet agents, a-blockers, B-blockers, bronchodilators,
calcium channel blockers, cardiac glycosides, diuretics,
disease-modifying antirheumatic drugs, nitrates, and hypo-
glycaemic drugs) during the follow-up period.

Statistical analyses were carried out using SPSS (version
15.0) and Statsdirect.

Results
Meta-analysis

The literature search identified 1,263 articles, of which we
excluded 1,232 for the reasons listed in the flow chart
(Fig. 1). Full text assessment of the remaining 31
potentially relevant articles resulted in identification of 21
eligible RCTs involving 50,412 participants (25,287 in the
primary prevention studies and 25,125 in the secondary
prevention studies).

Trial characteristics

The mean or median follow-up ranged from 0.5 to 6.1 years.
All studies used a fixed drug dose (generally 40 mg/day of
pravastatin, 20 or 40 mg/day of simvastatin or lovastatin, and
40 mg/day of fluvastatin). On average, participants were
60 years old and 15% of them were women (Table 1).

In the 14 secondary prevention studies, patients were
randomised to statin treatment or placebo: pravastatin (7 trials
and 15,769 participants) [5, 8, 15-19], simvastatin (3 trials
and 5,825 participants) [20-22], lovastatin (2 trials and 601
participants) [23, 24], and fluvastatin (2 trials and 794
participants) [25, 26]. The lipid concentrations in both
groups were measured and reported in all trials at baseline
and the end of follow-up. (Table 2) Nine of the 14 trials
provided recurrent MI data. The mean TC, LDL-C, HDL-C
and TG levels at baseline ranged from 4.85 to 7.41 mmol/L,
3.15 to 5.08 mmol/L, 0.90 to 1.36 mmol/L and 1.42 to
2.12 mmol/L respectively, and the weighted means in the
treated groups were 5.91 mmol/L (SD, 0.15), 3.50 mmol/L
(SD, 0.10), 1.02 mmol/L (SD, 0.03) and 1.64 mmol/L
(SD, 0.05) respectively in the 14 studies.

In the 7 primary prevention studies, there were 2 trials
(7,524 subjects) using lovastatin [27, 28], 2 trials (7,042
subjects) using pravastatin [29, 30], 1 trial using simvastatin
[31], and 2 trials (13,143 subjects) using atorvastatin [4, 32].
The numbers of trials reporting lipid concentrations at
baseline and follow-up were listed in Table 3. All trials
supplied data on the incidence rate of MI. Mean TC, LDL-C,
HDL-C and TG concentration at baseline ranged from 5.36
to 6.97 mmol/L, 3.04 to 4.92 mmol/L, 0.94 to 1.30 mmol/L
and 1.70 to 3.60 mmol/L respectively, and the weighted
means in the treated groups were 5.93 mmol/L (SD, 0.10),
3.89 mmol/L (SD, 0.07), 1.18 mmol/L (SD, 0.02) and
1.84 mmol/L (SD, 0.03) respectively. Cholesterol-weighted
means at baseline in placebo groups were similar to those in
the treated groups.
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Fig. 1 Flow chart of study
selection. MI myocardial

infarction, CHD coronary (n=1263)

Studies retrieved in database

(e N

heart disease

xcluded studies
- Duplicates (n=222)
No cholesterol levels (n=327)
Not related to MI or CHD (n=228)
Not parallel placebo or no treatment groups
(n=116)

A 4

Review articles (n=45)
Based on abstract (n=292)
Mixed study (n=2)

Included studies

Secondary prevention studies (n=14)
Primary prevention studies (n=7)

Trial outcomes
Cholesterol concentrations

Secondary prevention studies Mean concentrations of TC,
LDL-C, HDL-C and TG at the end of the studies for patients
randomised to receive statin therapy ranged from 4.05 to
6.13 mmol/L, 2.18 to 3.72 mmol/L, 0.95 to 1.28 mmol/L and
1.28 to 1.94 mmol/L respectively, and the weighted means

were 4.70 mmol/L (SD, 0.12), 2.93 mmol/L (SD, 0.07),
1.08 mmol/L (SD, 0.03), 1.47 mmol/L (SD, 0.04) respectively
(Table 2). Thus, of 14 trials, the changes in TC, LDL-C,
HDL-C and TG concentrations from baseline for participants
receiving treatment ranged from —12% to —32%, —20% to
—45%, 5% to 11%, and —7% to —22%. The weighted means
of TC, LDL, HDL and TG in the placebo groups were
5.92 mmol/L (SD, 0.21), 4.09 mmol/L (SD, 0.15),
1.03 mmol/L (SD, 0.04) and 1.69 mmol/L (SD, 0.07)

Table 1 Baseline characteristics of populations and interventions in the included trials

Study Intervention Dose Number of Study duration Female Type of
(mg/day) patients (years) (%) study
CARS [15] Pravastatin 10 90 2 23 Secondary
Pravastatin Multinational Study [16] Pravastatin 20 1,062 0.5 23 Secondary
4S [20] Simvastatin 2040 4,444 5.4 19 Secondary
CARE [5] Pravastatin 40 4,159 5 14 Secondary
LIPID [8] Pravastatin 40 9,014 6.1 17 Secondary
LCAS [25] Fluvastatin 40 429 2.5 19 Secondary
Rieggeret al. [26] Fluvastatin 40-80 365 1 38 Secondary
MAAS [21] Simvastatin 20 381 4 12 Secondary
MARS [23] Lovastatin 80 270 2.2 9 Secondary
PLAC-I[17] Pravastatin 40 408 3 22 Secondary
PLAC-II [18] Pravastatin 40 151 3 15 Secondary
REGRESS [19] Pravastatin 40 885 2 0 Secondary
SCAT [22] Simvastatin 30 460 0.9 11 Secondary
CCAIT [24] Lovastatin 36 331 2 19 Secondary
ACAPS [27] Lovastatin 2040 919 2.8 48 Primary
CIS [31] Simvastatin 345 254 2.3 0 Primary
KAPS [29] Pravastatin 40 447 3 0 Primary
WOSCOPS [30] Pravastatin 40 6,595 4.9 0 Primary
AFCAPS/TexCAPS [28] Lovastatin 20-40 6,605 52 15 Primary
ASCOT-LLA [4] Atorvastatin 10 10,305 33 19 Primary
CARDS [32] Atorvastatin 10 2,838 3.9 32 Primary
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Table 2 Lipid concentrations at baseline and follow-up in secondary prevention studies
Cholesterol Number of trials/patients Baseline (mmol/L) Number of trials/ patients Follow-up (mmol/L) Percentage
(baseline) mean (SD) (end of follow-up) mean (SD) change

Statin-treated group

TC 14/22,449 5.91 (0.15) 14/22,449 4.70 (0.12) -21

LDL 14/22,449 3.50 (0.10) 14/22,449 2.93 (0.07) -16

HDL 14/22,449 1.02 (0.03) 14/22,449 1.08 (0.03) +6

TG 14/22,449 1.64 (0.05) 14/22,449 1.47 (0.04) -10
Placebo group

TC 14/22,449 5.91 (0.15) 14/22,449 5.92 (0.21) +0.2

LDL 14/22,449 3.49 (0.10) 14/22,449 4.09 (0.15) +17

HDL 14/22,449 1.06 (0.03) 14/22,449 1.03 (0.04) -3

TG 14/22,449 1.66 (0.05) 14/22,449 1.69 (0.07) +2

TC total cholesterol, LDL low density lipoprotein, HDL high density lipoprotein, 7G triglyceride

respectively after follow-up. The TC and the LDL-C
reduction compared with the placebo groups ranged from
13 to 33% and from 21 to 46% respectively. There was an
increase in HDL-C concentration with a range of 5 to 12%.

We used a random effects model to calculate the 95% CI of
the weighted mean difference in TC, LDL and TG concen-
trations due to the significant heterogeneity of their outcomes
and a fixed effect model for HDL levels due to the absence of
heterogeneity of this outcome. Seven trials (3,527 patients)
completely reported the means (SD) of all cholesterol levels in
treated and placebo groups after follow-up. TC concentrations
were significantly lower with statins than with placebo
(weighted mean difference —1.54 mmol/L, 95% CI —2.64,
—0.43). LDL concentrations were significantly lower with
statins than with placebo (weighted mean difference
—1.62 mmol/L, 95% CI —2.78, —0.45). We also found a
significant reduction in TG levels with statins in comparison
to placebo (weighted mean difference —0.31 mmol/L, 95% CI
—0.47, —0.14). Statins increased the concentration of HDL
with the weighted mean difference being 0.20 mmol/L (95%
CI0.14, 0.27; Table 4).

Primary prevention studies The mean value of TC, LDL-C,
HDL-C and TG concentrations at the end of the study in
participants who received statin treatment ranged from 4.12 to
5.59 mmol/L, 2.11 to 3.64 mmol/L, 1.02 to 1.40 mmol/L and
1.29 to 1.61 mmol/L respectively, and the weighted means
were 4.69 mmol/L (SD, 0.07), 2.80 mmol/L (SD, 0.05),
1.20 mmol/L (SD, 0.02) and 1.48 mmol/L (SD, 0.02)
respectively (Table 3). The percentage changes after follow-
up in the treated groups ranged from —17 to —28% for TC,
—24 to —35% for LDL-C, 0 to 19% for HDL-C and —10 to
—24% for TG. The weighted means of TC, LDL, HDL and
TG in the placebo groups were 5.48 mmol/L (SD, 0.08),
3.54 mmol/L (SD, 0.06), 1.17 mmol/L (SD, 0.02) and
1.67 mmol/L (SD, 0.02) respectively after follow-up.

We used the random effects model to calculate the 95%
CI of the weighted mean difference in TC, LDL-C and
HDL-C due to the significant heterogeneity of their
outcomes and the fixed effects model for TG concentrations
due to the presence of homogeneity for this outcome. There
were significant decreases in TC, LDL-C and TG in the
treated groups compared with the placebo groups, with the
weighted mean differences —1.37 mmol/L (95% CI —1.93
to —0.82), —1.49 mmol/L (95% CI —2.10 to —0.87) and
—0.26 mmol/L (95% CI —0.29 to —0.23) respectively. There
was no significant increase in HDL-C after using statins,
with the weighted mean difference of 0.12 mmol/L
(95% CI —0.04, 0.29).

Risks of MI

Secondary prevention studies Nine studies reported on the
combined outcome of fatal or non-fatal MI. Of the
remaining studies, 2 reported coronary events (unstable
angina, non-fatal MI or death from CHD), but not MI
alone, and 3 studies reported no recurrent MI data in the
treated groups. We used the fixed effects model to
calculate the pooled risks due to the absence of
heterogeneity. In pooled analyses, there were 908
recurrent MIs in 10,090 treated patients and 1,267 in
10,054 placebo patients. Statin therapy reduced the risk
of MI by 28% (RR, 0.72; 95% CI, 0.63-0.82, P=0.004),
with absolute risk reduction (ARR) of 3.6% in the
secondary prevention studies (Fig. 2).

Primary prevention studies In pooled analyses, there were
295 first MIs in 14,015 treated subjects and 437 in
13,948 placebo subjects. Statin treatment reduced the
incidence of MI by 33% (fixed effects model: RR, 0.67;
95% CI, 0.55-0.82, P=0.01), with an ARR 0f 0.9% in the
primary prevention studies (Fig. 3).
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Table 3 Lipid concentrations at baseline and follow-up in primary prevention studies

Cholesterol Number of trials/patients Baseline (mmol/L) Number of trials/patients Follow-up (mmol/L) Percentage
(baseline) mean (SD) (end of follow-up) mean(SD) change
Statin-treated group
TC 7/27,963 5.93 (0.10) 6/27,044 4.69 (0.07) -21
LDL 7/27,963 3.89 (0.07) 7/27,963 2.80 (0.05) —28
HDL 7/27,963 1.18 (0.02) 7/27,963 1.20 (0.02) +2
TG 6/26,299 1.84 (0.03) 5/26,790 1.48 (0.02) -20
Placebo group
TC 7/27,963 5.93 (0.10) 4/20,195 5.48 (0.08) -8
LDL 7/27,963 3.89 (0.07) 4/20,195 3.54 (0.06) -9
HDL 7/27,963 1.18 (0.02) 4/20,195 1.17 (0.02) -1
TG 6/26,299 1.80 (0.03) 4/20,195 1.67 (0.02) -8

MI risk reduction per mmol/L of cholesterol reduction Over-
all, in the secondary prevention studies, a 28% reduction of
risk of recurrent MI was observed for every 1.54 mmol/L,
1.62 mmol/L and 0.31 mmol/L reduction in TC, LDL-C
and TG levels, and for every 0.20 mmol/L increase in
HDL-C levels. Thus, recurrent MI was reduced by 18% per
mmol reduction in TC.

In the primary prevention studies a 33% reduction of risk
of incident MI was found for every 1.37 mmol/L,
1.49 mmol/L, and 0.26 mmol/L reduction in TC, LDL-C
and TG levels. Thus incident MI was reduced by 24% per
mmol reduction in TC.

Observational study

There were 2,759 patients (1,703 in the statin-treated cohort
and 1,056 in the non-statin-treated cohort) included in the
study. The baseline and follow-up TC levels are listed in
Table 5. TC concentration reductions from baseline to the
end of follow-up for recurrent MI and death were

1.41 mmol/L (SD 1.29) or 24% and 1.43 mmol/L (SD
1.29) or 24% in the statin-treated cohort, and 0.43 mmol/L
(SD 1.08) or 8% and 0.48 mmol/L (SD 1.10) or 9% in the
non-statin-treated cohort. There were 95 recurrent Mls and
117 deaths in the treated cohort and 112 and 155 in the non-
statin-treated cohort. Statin treatment was significantly
associated with decreased risk of recurrent MI (unadjusted
hazards ratio [HR], 0.53, 95% CI 0.41-0.68). After
adjustment for the covariates, the benefit of statin treatment
remained significant (adjusted HR, 0.72, 95% CI 0.51—
0.98). However, there was no effect of statin treatment on
all-cause mortality after adjusting for the available con-
founders (adjusted HR, 1.06, 95% CI 0.76—1.47).

Discussion

Key findings

We carried out the present study because we could not find
meta-analysis data on the relationship between TC changes

Table 4 Effects of lipid-lowering drugs on lipid concentrations in treated vs placebo

Outcome (mmol/L) Number of trials (number of patients)

Weighted mean difference (95% CI) Test of heterogeneity

Secondary prevention

TC 7/3,527
LDL 7/3,527
HDL 7/3,527
TG 7/3,527
Primary prevention
TC 4/20,195
LDL 4/20,195
HDL 4/20,195
TG 4/20,195

~1.54 (—2.64 to —0.43) P<0.005
~1.62 (-2.78 to —0.45) P<0.005
0.20 (0.14 to 0.27) 0.10<P<0.25
~0.31 (~0.47 to —0.14) P<0.05
~1.37 (-1.93 to —0.82) P<0.005
~1.49 (-2.10 to —0.87) P<0.005
0.12 (~0.04 to 0.29) P<0.005
~0.26 (~0.29 to —0.23) 0.75<P<0.90
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Relative Risk

0.73 (0.66, 0.80)

0.76 (0.61, 0.92)

0.72 (0.62, 0.82)

L

0.85 (0.43, 1.70)

0.46 (0.20, 1.05)

0.41 (0.13, 1.24)

0.59 (0.25, 1.42)

1.10 (0.48, 2.54)

Study Statin Placebo
n/N n/N
4S 367/2221  528/2223
CARE 157/2081  207/2078
LIPID 336/4512  463/4502
MAAS 14/193 16/188
PLCA-I 8/206 17/202
PLCA-II  4/75 10/76
REGRESS 8/450 13/435
SCAT 11/230 10/230
CCAIT 3/122 3/120
Total 908/10090  1267/10054

Test of heterogeneity: X?>=5.17; P>0.50

0.98 (0.20, 4.78)

=

0.72 (0.63, 0.82)

T
0.1 0.2

Treatment better

0.5 1 2 5

Control better

Fig. 2 Effect of statins compared with placebo on recurrent myocardial infarction

with statin therapy and MI. We found this surprising as most
clinical decisions in the UK are based on TC concentrations
supplemented where available by HDL-C measurements, with
few centres directly measuring LDL-C.

The present paper reports our findings of the effect on
MI of changes in TC in RCTs and in an observational
study. Both types of study show that the changes in TC

concentrations by statin treatment were similar to the results
obtained in our previous study of routinely collected
biochemistry data in a general healthcare population. In
the observational study TC reductions occurred in both the
statin-treated and non-treated patients. In addition, TC
reductions observed in the statin-treated patients were
similar to those seen in RCTs.

Relative Risk

1.00 (0.29, 3.42)

0.19 (0.02, 1.64)

Study Statin Placebo
n/N n/N
ACAPS 5/460 5/459
CIS 1/129 5/125
KAPS 3/224 8/223
WOSCOPS 182/3302  246/3293
AFCAPS 57/3304  95/3301
/TexCAPS
ASCOT-LLA 14/5168  17/5137
CARDS 33/1428  61/1410
Total 295/14015 437/13948

Test of heterogeneity X?=4.81 P>0.50

0.37 (0.10, 1.39)

0.73 (0.60, 0.88)

0.60 (0.43, 0.83)

0.82 (0.40, 1.66)

0.53 (0.35, 0.81)

0.67 (0.55, 0.82)

T T
0.01

Treatment better

T 1
0.5 1 2 5

Control better

Fig. 3 Effect of statins compared with placebo on incident myocardial infarction
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Table 5 Total cholesterol concentrations at baseline and at the end of follow-up in the observational study

TC concentration (mmol/L) Baseline Follow-up TC changes Percentage changes
mean (SD)
Recurrent MI Death Recurrent MI Death Recurrent MI Death
outcomes outcomes outcomes outcomes outcomes outcomes
Statin-treated group 5.98 (1.17) 4.58 (0.94) 4.56 (0.93) 1.41 (1.29) 1.43 (1.29) 24 24
Non-statin-treated group 5.15 (1.08) 4.72 (1.02) 4.68 (1.03) 0.43 (1.08) 0.48 (1.10) 8 9

MI myocardial infarction

Comparison with other review studies

The result of our review also confirms the findings of a
previous review, which showed that a reduction in LDL-C
of 1 mmol/L using lipid-lowering drugs leads to reductions
of 26% in the incidence of non-fatal MI (RR, 0.74, 99%CI,
0.70-0.79) [10]. However, this previous review focused on
LDL-C because its reduction accounted for most of the
variance in risk reductions for overall mortality and
cardiovascular endpoints. Another review identified trials
of lipid-lowering agents (non-statin and statin) reporting
changes in HDL-C levels and CHD risk [33]. Although this
review supplied data on reductions of TC (32%), reductions
in LDL-C levels (45%) and the increase in HDL-C levels
(<10%) after statin therapy, it only analysed CHD mortality
and morbidity versus the HDL-C effect, which was not a
significant linear predictor of CHD risk reduction. A third
review addressed the use of statins in the primary and
secondary prevention of CHD and ischaemic stroke [11].
However, there were no separate data quoted on TC change
and MI outcome in this review paper.

Comparison between meta-analysis and observational
studies

Our meta-analysis showed a reduction of 1.21 mmo/L
(5.91 mmol/L minus 4.70 mmol/L) in mean TC in the
statin-treated group in the secondary prevention trials.
However, our observational study showed a reduction of
1.41 mmol/L (SD 1.29), which was similar to that found in
a population level study [12]. This better outcome could be
due to patient characteristic differences [34]. Our meta-
analysis also found that the mean TC increased by
0.01 mmol/L (5.92 mmol/L minus 5.91 mmol/L) in the
placebo-treated patients at the end of follow-up in trials. In
contrast, TC concentration decreased in the non-statin-
treated patients in our current observational cohort study
(0.43 mmol/L). This difference may be because all risk
factors were well balanced in clinical trials while some
factors such as increased awareness of CHD prevention and
lifestyle changes may have contributed to the population
cholesterol reductions.

@ Springer

Strengths and limitations

This meta-analysis and population-based cohort study are
the first, to our knowledge, to assess the relationship
between TC concentration changes associated with using
statins in patients with and without MI, and to describe how
TC reduction predicted the risk reduction of recurrent or
incident MI. The results of our meta-analysis were similar
to those observed in our cohort study. This demonstrates
that statin trials had good external validity. Thus, the
benefits of statins seen in the RCTs can probably be
extended to the general population, although there were
some differences in patient characteristics between RCTs
and the real world. The results of the present study would
seem to justify the current practice of introducing and
titrating statin therapy based on the measurement of TC
without the measurement of LDL cholesterol.

One limitation of the present meta-analysis is the lack of
complete data on every outcome from every trial. For
example, in some trials there was no information on
cholesterol concentrations in the placebo group during
follow-up. Another limitation is that some of the RCTs had
small sample sizes. Also the majority of studies focused on
male participants so females are under-represented. There is
also the possibility of publication bias because information
on unpublished papers and ongoing RCTs was not sought.
This review was also limited to the English-language
literature and the available databases. Additionally, the
effect of lipid-lowering drugs in clinical trials might be
overestimated because of the higher adherence to treatment
by patients compared with observational studies. The
limitations of the observational study were that the
adherence to statin treatment, the dosages and duration of
statin treatment, and the effects of lifestyles were not taken
into consideration. The serious side effects of statins such
as rhabdomyolysis were not compared between the clinical
trials and the Tayside cohort because of the relatively small
size of the Tayside cohort. There may be differences in
serious side effects of statins between RCTs and an
unselected general population due to stringent inclusion
and exclusion criteria in RCTs. However, previous studies
have shown that the incidence of rhabdomyolysis was



Eur J Clin Pharmacol (2009) 65:1071-1080

1079

about 0.01% in a meta-analysis of clinical trials [10] and
0.44 per 10,000 patients in a population-based study of
252,460 patients [35].

Conclusion

Our analysis has found that TC reductions as a result of
statin use is a reasonable measure of their efficacy in the
setting of clinical trials. Furthermore, the findings of
clinical trials of statins are comparable to those observed
in the general population.
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