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Abstract

Background In the UK, clinicians usually make treatment
decisions based on total cholesterol (TC) at the same time
supplemented with high-density lipoprotein cholesterol
(HDL-C) measurements. We evaluated statin-associated
TC concentration change and its impact on cardiovascular
(CV) risk reduction in diabetic patients in the setting of
usual care.

Methods In a population-based cohort study using a record-
linkage database in Tayside, Scotland. we studied 6,697
diabetic patients who had at least two separate TC measure-
ments between 1993 and 2007. Patients were categorized
into statin-exposed and statin-unexposed groups according
to statin use status during the follow-up. The main outcomes
were TC concentration change from baseline, CV events,
and all-cause mortality during the follow-up. Multivariate
Cox regression models with a time-dependent variable for
statins were employed to assess outcome risk.

Results Statin-associated TC concentrations decreased by
1.64 mmol/L (28%) in patients without CV disease (CVD)
(5,984) and 1.19 mmol/L (23%) in patients with CVD (713)
from 5.90 mmol/L and 5.20 mmol/L at baselines, respec-
tively. Statin use reduced incident and recurrent CV events
by 39% and 41%, respectively [adjusted hazard ratio (HR)
0.61, 95% confidence interval (CI) 0.57-0.66; 0.59 95% CI
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0.47-0.76) per millimole of TC reduction. For all-cause
mortality, the adjusted HRs were 0.39 (95% CI 0.32-0.47)
in primary prevention and 0.58 (95% CI 0.42-0.80) in
secondary prevention.

Conclusion Statin use was as effective in diabetic patients in
the setting of usual care, as in the clinical trials, in both
primary and secondary prevention. TC changes can be used
as a measure of statin efficacy in the absence of low-density
lipoprotein cholesterol (LDL-C) in diabetic patients.

Keywords statins - diabetes mellitus - total cholesterol
concentration - cardiovascular disease - mortality

Introduction

At least 2.8% of the world’s population (171 million) suf-
fered from diabetes mellitus (DM) in 2000, and this number
is estimated to be almost double by 2030 [1]. It is well
established that diabetes is a major risk factor for cardiovas-
cular disease (CVD), and people with diabetes are much
more likely to have cardiovascular (CV) events compared
with the general population [2, 3]. CVD is the main cause of
death in diabetic patients, accounting for some 50% of all
diabetic mortality, as well as causing significant morbidity
[4]. Diabetic dyslipidemia, which is typically a low high-
density lipoprotein cholesterol (HDL-C), increased trigly-
cerides, and postprandial lipemia, is an important risk factor
for subsequent CVD [5-7]. It is most frequently seen in type
2 diabetes, and even small increases in low-density lipopro-
tein cholesterol (LDL-C) are associated with substantial
increases in CV risk [7]. Meta-analyses of clinical trials
suggest that statin-related reduction of LDL-C concentration
predicted proportional reductions in incident or recurrent
CV events and all-cause mortality in diabetic patients [8,
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9]. However, evidence is lacking on how total cholesterol
(TC) decrease with statins predicts risk reduction of CV
events and mortality in such patients in the usual care
setting.

In the UK, clinicians usually make treatment decisions
based on TC with or without HDL-C measurements. In
statin trials, we show that TC reductions with lipid-
lowering drugs is almost as good as LDL-C in predicting
outcome [10] and that TC can be used as a reasonable
measure of statin efficacy in the absence of LDL-C [11].
In the study presented here, we assessed the effectiveness of
statins on TC concentrations and CV events and all-cause
mortality in diabetic patients.

Methods

We performed a cohort study in Tayside, Scotland, using the
Medicines Monitoring (MEMO) Unit record-linked data-
base. The data collection methods have previously been
described [12]. In brief, MEMO contains several data sets
including all dispensed community prescriptions, hospital
discharge data, biochemistry data, and other data. These are
linked by a unique patient identifier, the Community Health
Index (CHI) number. These data are anonymized for the
purposes of research, as approved by the Caldicott Guardians.
This project was also approved by the Tayside Committee on
Research Medical Ethics.

Study population

The study population consisted of residents of Tayside who
were registered with a general practitioner between January
1993 and December 2007 and remained residents in Tayside
or died during the study period.

Patients

Study patients were those with a primary diagnosis of dia-
betes between January 1993 and December 2007 identified
from Diabetes Audit and Research in Tayside Scotland
(DARTS) [13]. The date of their first diagnosis of diabetes
was used as the study entry date. They were divided into
statin-exposed and statin-unexposed groups according to
whether or not they were taking statin treatment during the
follow-up. These patients also had to have at least two TC
measurements and at least 30 days apart during the follow-
up. The statin-exposed group included prevalent statin-
exposed patients (statin use within 180 days prior to entry
date) or incident statin-exposed patients (statin use after the
entry date). Patients with no statin treatment during this
period constituted the statin-unexposed group. Patients
who were prescribed other lipid-lowering drugs after the
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entry date or within 180 days prior to the entry date were
excluded (n=468). Patients were also classified into primary
(PP) and secondary (SP) prevention cohorts in the analysis
according to whether they had established CV disease
[stroke, transient ischemic attack (TIA), myocardial infarction
(MI), angina, heart failure (HF)] prior to the entry date.

Total cholesterol measurements

Serum TC measurements were obtained from the regional
biochemistry database. Baseline TC concentration was that
measured on the nearest date to the entry date. This date was
in the range of within 1 year before or within 30 days after
the entry date. Follow-up TC concentration met the follow-
ing criteria: (1) on or within 180 days prior to the CV
admission; (2) the last available TC measurement during
follow-up in patients without the CV admission; (3) at least
30 days after statin treatment in the statin-exposed group.

Outcome variables

The primary study outcome was TC concentration change
from baseline, and secondary outcomes were incident or
recurrent Antiplatelet Trialist’s Collaboration (APTC)
events and all-cause mortality during the follow-up. We
used the APTC endpoint of nonfatal MI [International Clas-
sification of Disease (ICD9), ninth revision: 410; and tenth
revision (ICD10): 121] [14], nonfatal stroke (ICD9: 431,
434.9, 436; ICDI10: 161, 163, 164), or death from vascular
causes (ICD9: 390-459; ICD10: 100-199) as primary CV
endpoints. These were ascertained from the Scottish Mor-
bidity Record 1 (SMRO1) data according to the ICD9 or
ICD10 codes. CV admission occurred at least 30 days after
statin treatment in the statin-exposed group or after the entry
date in the statin-unexposed group. Patients having CV
admissions within 30 days of statin treatment initiation were
excluded from the study. All-cause mortality data were
obtained from the General Register Office for Scotland.
The same criteria of TC measurement for CV outcome were
applied to the all-cause mortality outcome.

Statistical analysis

A sample-size calculation showed that this population-based
study had at least a power of 90% at the 5% level of
significance to detect a difference of 10% in TC level and
a 50% risk reduction in CVD outcome between the statin-
exposed and statin-unexposed groups. Data are summarized
as mean [standard deviation (SD)] for continuous variables
and numbers of patients (percentage) for categorical varia-
bles. To examine differences in baseline characteristics be-
tween groups, x> and ¢ tests were performed. TC
concentration changes were calculated as baseline TC
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concentration minus follow-up TC concentration. A Cox
regression model with a time-dependent variable of statin
exposure was constructed to analyze the time to APTC
event and its components and separately for all-cause mor-
tality and adjusted for potential confounders. Data are
expressed as hazard ratios (HR) with 95% confidence inter-
vals (CI). The Cox model assumptions were checked before
the analysis. Covariates were age at study entry; gender;
socioeconomic status; comorbidities of renal failure, angina,
TIA or HF; and use of medications during the follow-up,
including analgesics; nonsteroidal anti-inflammatory drugs
(NSAIDs); corticosteroids; drugs used to treat diabetes;
positive inotropic drugs, diuretics, antiarrhythmic drugs,
beta-adrenoceptor-blocking drugs for CVD; drugs such as
nitrates and calcium-channel blockers for treating hyperten-
sion and heart failure ; other antianginal drugs; anticoagu-
lants; and antiplatelets. The Scottish Index of Multiple
Deprivation (SIMD) was used as a measure of socioeco-
nomic status [15]. Sensitivity analyses were performed in
patients who had at least two HDL-C concentration meas-
urements or by excluding prevalent statin-exposed patients.
In order to control for potential immortal time bias, we
conducted an analysis in which patients entered the study
on the date of their first cholesterol measurement (a second
TC measurement was no longer considered a requirement
for entry into the sensitivity analysis cohort). All analyses
were carried out using SAS version 9.1. All p values were
two-sided.

Results
Primary prevention

The PP cohort consisted of 5,984 diabetes patients (4,101 in
the statin-exposed group and 1,883 in the statin-unexposed
group) (Fig. 1); 397 patients who were prescribed other
lipid-lowering drugs after the entry date or within 180 days
prior to the entry date were excluded from the cohort.
Patients in the statin-exposed group were more likely to be
older; be female; have higher baseline TC concentration; use
more analgesics, drugs in diabetes treatment, corticoste-
roids, NSAIDs, and CV drugs; and had higher rates of
angina, TIA, or HF than those in the statin-unexposed group
(Table 1). Statin-associated TC concentration fell by 1.64
mmol/L (95% CI 1.61-1.69) (28%) from baseline of 5.90
mmol/L (SD 1.26) to follow-up concentrations of 4.26
mmol/L (SD 0.92), and this effect was similar regardless
of gender (Fig. 2a). TC concentration also fell by approxi-
mately 6% in the statin-unexposed group. In the statin-
exposed group, 198 patients were prevalent statin users
and 3,903 incident statin users. TC reduced by 20% in the
prevalent users and 28% in the incident users, with baselines

of 5.37 mmol/L (SD 1.48) and 5.93 mmol/L (SD 1.24),
respectively.

There were 188 APTC events in the statin-exposed group
and 194 in the statin-unexposed group during the 19,067
and 6,595 person years' (PYs) follow-up, respectively. The
crude incidence of APTC events per 1,000 PYs was 9.86
(95% CI 8.55-11.38) in the statin-exposed and 29.42 (95%
CI 25.55-33.86) in the statin-unexposed group (Table 3).
There were 71 non-fatal MI, 63 non-fatal stroke, 101 CV
deaths, and 205 all-cause deaths in the statin-exposed group.
Correspondingly, the figures were 65, 71, 136, and 289 in
statin-unexposed group. The crude event rate for each com-
ponent of APTC and the crude mortality rate are shown on
Table 3. Compared with the statin-unexposed group, statin
treatment had a beneficial effect on incident APTC events
(adjusted HR 0.36, 95% CI 0.29-0.44). Patients who were
older, used anti-arrhythmic drugs, with hospital admission
of angina, TIA, or HF during the follow-up had increased
risks of CVD. However, patients who were more affluent,
used drugs to treat diabetes, hypertension, and heart failure,
NSAIDs carried a lower risk of CVD (Table 2). Similar
results were observed for each component of APTC event
and all-cause mortality (Fig. 3).

Secondary prevention

There were 713 patients (514 statin-exposed and 199 statin-
unexposed) with established CVD in this analysis (Fig. 1);
71 patients using other lipid-lowering drugs were excluded
from the cohort. Patients in the statin-exposed group were
younger, had higher baseline TC concentration, used more
NSAIDs, and more CV drugs (Table 1). Figure 2b shows
that there was a 23% TC reduction (1.19 mmol/L 95% CI
1.05-1.33) with statin therapy from baseline TC of 5.20
mmol/L (SD 1.36). There was an 8% TC reduction observed
in the statin-unexposed group. Similar TC changes in were
observed in men and women in statin-exposed (men 24%;
women 21%) and statin-unexposed (men 9%; women 7%)
groups (Fig. 2b). Fifty patients were prevalent statin users
and 464 were incident, with TC reduction of 10% and 24%
from baselines of 4.39 mmol/L (SD 1.11) and 5.29 mmol/L
(SD 1.36), respectively. Recurrent CV events occurred in 99
statin-exposed and 77 statin-unexposed patients during the
respective 2,218 and 624 PYs follow-up, with each crude
event rate per 1,000 PYs of 44.63 (95% CI 36.65-54.35)
and 123.40 (95% CI 98.70—154.28), respectively (Table 3).
For individual APTC endpoint, 29 nonfatal M1, 30 nonfatal
stroke, 73 CV deaths, and 106 all-cause deaths occurred in
the statin-exposed group. Correspondingly, there were 28,
16, 58, and 94 events in the statin-unexposed group. Table 3
shows the crude event rate for APTC component and the
crude mortality rate. Compared with statin-unexposed
patients, the risk reduction was 49% for recurrent APTC
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Fig. 1 Procedure for
identifying patients in the
statin-exposed and statin-
unexposed cohorts

Patients with a primary diagnosis of diabetes from
1993 and 2007 identified from DARTS

(n=18,931)

4)\>

[

Patients with statin-exposed

Patients with statin-unexposed

J J

(n=11,825) (n=7,106)
Subjects with at least two separate TC measurements.
Baseline TC was in the range of within one year
before or within 30 days after the entry date. Follow-
up TC met the following criteria: (1) on or within 180
<« days prior to the CV admission; (2) the last available

TC measurement during follow-up in patients
without the CV admission; (3) at least 30 days after
statin use in the statin-exposed group.

Patients with statin-

Patients with statin-
exposed unexposed
(n=5,337) (n=2,380)
Excluding subjects with other lipid-lowering drugs
after the entry date or within 180 days prior to the
entry date (n=468).
<« Excluding subjects with cancer diagnosis (n=370).
Excluding Patients moving out the Tayside during
the follow-up (n=182).
PP cohort SP cohort PP cohort SP cohort
(n=4,101) ’ (n=514) ’ L (n=1,883) } (n=199) ’

events (adjusted HR 0.51, 95% CI 0.37-0.71), 62% for
recurrent non-fatal MI, and 60% for CV mortality in the
statin-exposed group. However, we did not observe a sig-
nificant risk reduction for recurrent nonfatal stroke (Figs. 3).
Older patients; use of positive inotropic drugs; and hospi-
talization for renal failure, angina, TIA, or HF were associ-
ated with an increased risk of CVD. In contrast, patients
who were more affluent; used analgesics, hypertension, and
heart failure drugs, and corticosteroids had a reduced risk of
CVD (Table 2). The risk of all-cause mortality was reduced
by 44% with statin use (adjusted HR 0.58, 95% CI 0.42—
0.80).

Sensitivity analysis

In patients who had HDL-C measurements available (PP:
3,811 in statin-exposed and 1,690 in statin-unexposed; SP:
459 and 146, respectively) HDL-C concentration increased
by 9% from 1.26mmol/L (SD 0.37) at baseline in PP and by
4% from 1.48 mmol/L (SD 0.47) in SP in the statin-exposed
group. There was a comparable effect on APTC events, its
components, and all-cause mortality as with patients with
HDL-C measurements in both PP and SP; adjusted HRs
were similar to the main results. HDL-C could be used to
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guide statin use as well as TC in the absence of LDL-C
measurements in patients with diabetes. In the sensitivity
analysis excluding prevalent statin-exposed patients, the
effect of statins on TC reduction, APTC events, its compo-
nents, and all-cause mortality were still consistent in both
PP and SP and similar to the main findings. The effects of
statins on each outcome in both PP and SP were similar to
the main findings when we excluded patients who had the
baseline TC measurement in the 30 days postdiabetes diag-
nosis. In the sensitivity analysis using the first TC measure-
ment as the entry date and without considering the second
TC measurement, results changed little compared with the
findings in our main analysis (adjusted HR: APTC in PP
0.42, 95% CI 0.34-0.52; APTC in SP 0.62, 95% CI 0.44—
0.87; all-cause mortality in PP 0.36, 95% CI 0.30-.45;
all-cause mortality in SP 0.53, 95% CI 0.40-0.76).

APTC risk reduction per millimole cholesterol reduction

Overall, per millimole TC concentration reduction with
statins was associated with 39% risk reductions in incident
APTC events (adjusted HR 0.61, 95% CI 0.57-0.66) and
41% in recurrent APTC events (adjusted HR 0.59 95% CI
0.47-0.76) in patients with diabetes.
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Table 1 Baseline characteristics of patients in the primary and secondary prevention of cardiovascular disease (CVD)

Primary Prevention Secondary Prevention

Statin-Exposed ~ Statin-unexposed P value Statin-Exposed  Statin-Unexposed P value

n (%) n (%) n (%) n (%)
Number of patients 4,101 1,883 - 514 199 -
Age” 60.9 (11.8) 59.5 (16.3) <0.01 67.3 (10.5) 73.0 (10.4) <0.001
Male 2,079 (51.1) 1,115 (60.4) <0.001 323 (63.0) 127 (64.1) 0.77
Baseline TC concentration (mmol/L)* 5.90 (1.26) 4.94 (1.09) <0.01 5.20 (1.36) 4.85 (1.05) <0.01
Socioeconomic status
1 (most deprived) 1,015 (25.5) 459 (25.5) 0.55 125 (24.9) 59 (30.7) 0.35
2 847 (21.2) 380 (21.1) 121 (24.1) 51 (26.6)
3 735 (18.5) 327 (18.2) 104 (20.7) 33(17.2)
4 693 (17.4) 342 (19.0) 85 (16.9) 25 (13.0)
S(most affluent) 693 (17.4) 290 (16.1) 68 (13.5) 24 (12.5)
Concurrent drug use
Analgesics 2.293 (55.9) 833 (44.2) <0.001 335 (65.2) 130 (65.3) 0.97
Drugs used in diabetes 3.417 (83.3) 1.388 (73.7) <0.001 407 (79.2) 146 (73.4) 0.10
Positive inotropic drugs 174 (4.2) 94 (5.0) 0.19 76 (14.8) 52 (26.1) <0.001
Diuretics 1.932 (47.1) 689 (36.6) <0.001 325 (63.2) 138 (69.4) 0.12
Antiarrthythmic drugs 29 (0.7) 8(0.4) 0.20 18 (3.5) 6 (3.0) 0.74
Beta-adrenoceptor-blocking drugs 1,456 (35.5) 450 (23.9) <0.001 299 (58.2) 73 (36.7) <0.001
Hypertension and heart failure drugs 2,712 (66.1) 849 (45.1) <0.001 390 (75.9) 111 (55.8) <0.001
Nitrates and calcium-channel blockers 1,951 (47.6) 631 (33.5) <0.001 390 (72.9) 136 (68.3) 0.04
Anticoagulants 237 (5.8) 104 (5.5) 0.69 103 (20.0) 38 (19.1) 0.78
Antiplatelet drugs 2,039 (49.7) 500 (26.6) <0.001 421 (81.9) 130 (65.3) <0.001
Corticosteroids 1,093 (26.7) 408 (21.7) <0.001 148 (28.8) 64 (32.2) 0.38
Nonsteroidal anti-inflammatory drugs 1,586 (38.7) 542 (28.8) <0.001 166 (32.3) 45 (22.6) 0.01
Comorbidity
Renal failure 69 (1.7) 29 (1.5) 0.69 29 (5.6) 12 (6.0) 0.84
Angina, transient ischemic attack, heart failure 169 (4.1) 44 (2.3) <0.001 109 (21.2) 37 (18.6) 0.44

*Data expressed as mean (standard deviation)

Discussion

Here we report the effectiveness of statins on TC changes
among diabetic patients in the setting of usual care. When
results were adjusted for TC concentration changes, the
protective effect of statins was still observed on PP and SP
of APTC events, nonfatal MI, CV mortality, and all-cause
mortality. There was also a risk reduction of incident non-
fatal stroke but not of recurrent nonfatal stroke. Compared
with results obtained in our previous studies of routinely
collected cholesterol data with lipid-lowering drugs in a
general healthcare population (approximately 24% reduc-
tion) or in statin trial participants (with and without diabe-
tes) (21% reduction in PP or SP) [9], we found similar TC
reductions in diabetic patients. One meta-analysis of statin
trials among diabetic patients showed that per millimole
per liter reduction in LDL-C with statins led to a 9%

proportional reduction in all-cause mortality [rate ratio
(RR) 091, 99% CI 0.82-1.01; p=0.02) and a 21%
proportional reduction in major vascular events (RR
0.79, 99% CI 0.72-0,86) [8]. The proportional effects
of statins were similar irrespective of whether there was
a prior history of CVD. This study also found reduc-
tions in vascular mortality (0.87, 0.76—1.00 p=0.008),
MI or death from coronary disease (0.78, 0.69-0.87),
and stroke (0.79, 0.67-0.93). Another systematic review
demonstrated 21% risk reductions with lipid-lowering
drugs in both incident and recurrent major coronary
events in diabetic patients [9]. TC concentration showed
a decrease of 15-20% in diabetic groups, which was a
little smaller than that in our findings. All these meta-
analyses focused on LDL-C reductions, and these reduc-
tions accounted for most of the variance in risk reductions
of CVD and mortality. Although there were some differences
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Fig.2 aand b TC
concentration changes in the
primary and secondary
prevention

TC concentration(mmol/l)

TC concentration(mmol/l)

P<0.001
—

5.90

7

P<0.001
—
5.77

7

Baseline O Follow-up

P<0.001
—
6.03 P<0.001
P<0.001
P<0.001 S /(;"—\
4.94 .
4.63 481

7

P<0.001
—r
5.20

O

Male

5.42

74.29

Female Total Male Female

Baseline @ Follow-up
P<0.001
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in patient characteristics between randomized controlled trials
and the real world, our study results from the trials confirmed

Female Total Male Female

Statin-unexposed

the trial findings. This suggests that statin trials in diabetic
patients had good external validity.

Primary Prevention Hazards Ratio (95% CI) Secondary Prevention Hazards Ratio (95% CI)
APTC events
Unadjusted —u— 0.33 (0.27, 0.40) —i— 035 (0.26, 0.47)
Adjusied —m— 0.36 (0.29, 0.44) —i— 051 (037,0.71)
Non-fatal MI
Unadjusted —— 0.36 (0.26, 0.51) —— 0.28 (0.17,0.48)
Adjusted B 038 (0.27, 0.55) B 0.38 (0.20,0.69)
Non-fatal stroke
Unadjusted L 030 (0.21, 0.42) L 0.49 (0.26, 0.89)
Adjusted B 0.35 (0.25, 0.51) L 0.61 (0.29, 1.28)
CV death
Unadjusted ———— 0.26 (020, 0.34) —i— 0.40 (0.28,0.57)
Adjusted —a— 0.42 (031, 0.55) —— 040 (0.24,0.67)
All-cause mortality
Unadjusted ——Jl— 0.25 (0.21, 0.30) —i— 037 (0.28,0.49)
Adjusted —l— 0.39 (0.32, 0.47) —i— 0.58 (0.42, 0.80)
5 P ! 1 2 5 i 2

Fig. 3 Unadjusted and adjusted hazards ratios of APTC events and all-cause mortality associated with statins
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Table 2 Univariate and multivariate hazards ratios of Antiplatelet Trialist’s Collaboration (APTC) events in primary and secondary prevention

Primary Prevention

Secondary Prevention

Unadjusted

Adjusted”

Unadjusted

Adjusted”

Statins

Age

Male/female

Social economic status

1 (most deprived)

2-3

4-5(most affluent)

Concurrent drug use

Analgesics

Drugs used in diabetes

Positive inotropic drugs

Diuretics

Anti-arthythmic drugs
Beta-adrenoceptor blocking drugs
Hypertension and heart failure drugs
Nitrates and calcium-channel blockers
Anticoagulants

Antiplatelet drugs

Corticosteroids

Non-steroidal anti-inflammatory drugs
Comorbidity

Renal failure

0.33 (0.27-0.40)
1.07 (1.06-1.08)
1.00 (0.82-1.23)

1.00
1.10 (0.86-1.40)
0.83 (0.64-1.07)

0.87 (0.71-1.07)
0.4 (0.34-0.57)
2.81 (2.09-3.78)
1.32 (1.08-1.62)
3.49 (1.92-6.36)
0.92 (0.75-1.14)
0.65 (0.53-0.80)
1.38 (1.13-1.70)
1.75 (1.28-2.39)
1.28 (1.05-1.57)
0.88 (0.71-1.11)
0.50 (0.40-0.62)

1.76 (1.03-3.00)

0.36 (0.29-0.44)
1.05 (1.04-1.06)
1.05 (0.85-1.30)

1.00
1.02 (0.80-1.31)
0.69 (0.53-0.91)

0.84 (0.67-1.06)
0.67 (0.51-0.88)
1.39 (0.97-2.00)
0.91 (0.72-1.16)
2.71 (1.44-5.08)
0.84 (0.67-1.05)
0.59 (0.47-0.74)
1.23 (0.97-1.56)
1.08 (0.74-1.57)
1.22 (0.97-1.53)
0.84 (0.66-1.06)
0.62 (0.49-0.78)

1.57 (0.91-2.71)

0.35 (0.26-0.47)
1.05 (1.03-1.07)
0.95 (0.70-1.28)

1.00
0.99 (0.70-1.38)
0.57 (0.38-0.86)

0.72 (0.53-0.99)
0.58 (0.41-0.83)
1.92 (1.39-2.67)
1.42 (1.01-2.02)
0.90 (0.45-1.77)
0.55 (0.40-0.74)
0.42 (0.31-0.57)
0.72 (0.51-1.02)
1.17 (0.83-1.64)
0.56 (0.40-0.79)
0.69 (0.49-0.96)
0.63 (0.45-0.88)

1.65 (1.02-2.65)

0.51 (0.37-0.71)
1.04 (1.02-1.06)
1.16 (0.84-1.61)

1.00
0.92 (0.65-1.32)
0.56 (0.36-0.86)

0.61 (0.43-0.88)
0.96 (0.65-1.41)
1.51 (1.01-2.27)
1.32 (0.89-1.95)
0.82 (0.40-1.69)
0.80 (0.57-1.12)
0.43 (0.31-0.61)
0.85 (0.58-1.24)
0.76 (0.49-1.17)
0.76 (0.50-1.15)
0.68 (0.48-0.97)
0.85 (0.59-1.21)

1.81 (1.06-3.07)

Angina, transient ischemic attack, heart failure 2.50 (1.83-3.40) 2.34 (1.67-3.26) 1.32 (0.96-1.82) 1.80 (1.26-2.56)

* Adjusted for age at entry to the study; gender; socioeconomic status; comorbidities of renal failure, angina, transient ischemic attack (TIA) or heart
failure; and use of medications during the follow-up, including analgesics; nonsteroidal anti-inflammatory drugs; corticosteroids; drugs used in
diabetes; positive inotropic drugs, diuretics, anti-arrhythmic drugs, beta-adrenoceptor-blocking drugs used in cardiovascular disease; nitrates and
calcium-channel blockers used to treat hypertension and heart failure; other antianginal drugs; anticoagulants; and antiplatelet drugs

This population-based cohort study is the first, to our
knowledge, to assess statin-associated TC concentrations
in diabetic patients with and without prior CVD, and to
describe how per millimole TC reductions predicted the risk
reduction of incident or recurrent APTC events. Our results
supplied evidence supporting the current practice of statin
introduction and titration based on TC measurement in the

absence of LDL-C measurements. There are several poten-
tial limitations of this study: adherence and persistence of
statin treatment, statin doses, triglyceride changes, and the
effects of lifestyle were not taken into consideration. How-
ever, our previous sensitivity analyses of unmeasured risk
factors [16] indicate that such factors are unlikely to have a
large impact on CV outcomes. We did not use time-

Table 3 Crude event rate of each outcome per 1,000 person-years in primary and secondary prevention

Primary Prevention Secondary Prevention

Statin-exposed Statin-unexposed Statin-exposed Statin-unexposed

APTC endpoint 9.86 (8.55-11.38)
Nonfatal MI 3.60 (2.85-4.54)
Nonfatal stroke 3.17 (2.48-4.06)
CV death 5.41 (4.45-6.58)

All-cause mortality 11.04 (9.62—12.66)

29.42 (25.55-33.86)
9.68 (7.59-12.35)
10.55 (8.36-13.32)
19.94 (16.86-23.59)
42.31 (37.70-47.48)

44.63 (36.65-54.35)
12.01 (8.34-17.28)
12.05 (8.42-17.23)
35.28 (28.05-44.38)
51.16 (42.29-61.89)

123.40 (98.70-154.28)
41.73 (28.81-60.44)
24.43 (14.96-39.87)
83.33 (64.42-107.79)
132.02 (107.86-161.60)

APTC Antiplatelet Trialist’s Collaboration, MI myocardial infarctiion, CV cardiovascular
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dependent variables for other covariates in the study; how-
ever, we did not think these would significantly affect our
results, as statins act mainly on TC and LDL-C concentra-
tions and are the principle determinants of CV outcome. It is
possible that other unmeasured confounders might have
influenced the results. To examine the effect of any potential
biases not accounted for in the study, and in accordance with
the guidelines for Good Pharmacoepidemiology Practices
produced by the International Society for Pharmacoepidemi-
ology, we conducted a series of sensitivity analyses to
examine the effect of varying the study population inclu-
sion/exclusion criteria, the assumptions regarding exposure,
and to control for potential bias [17]. The sensitivity analy-
ses suggested that the main findings of our study were
robust. A major strength of our study is the population-
based cohort design, with complete follow-up over the study
period. This approach allows a normal-care population to be
studied, representing all socioeconomic groups and within a
universal health care coverage scheme.

In conclusion, statin-associated per millimole TC reduction
translated into 39% reductions both in incident and recurrent
APTC events in diabetic patients. There was a protective effect
on incident and recurrent nonfatal MI and incident nonfatal
stroke. Use of statins significantly improved all-cause and CV
survival in both PP and SP. Statins were at least as effective in
diabetic patients in usual care as in the clinical trials for both
primary and secondary prevention. TC changes can also be
considered a reasonable measure of statin efficacy in the
absence of LDL-C measurement in diabetic patients.
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