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Abstract Aims: Considering the lack of evidence on statin use and the risk of cardiovascular disease (CVD) in patients with diabetes in primary and secondary prevention, this study aimed to
evaluate the effect of statin use in individuals with diabetes for primary and secondary prevention.
Data synthesis: The MEDLINE, Web of Science, Embase, ClinicalTrials.gov, and Cochrane Central
Register for Controlled Trials databases were searched. We included studies that assessed the effect of statin use in individuals with diabetes for at least 1 year. The outcomes included CVD, allcause mortality, and stroke. A total of 24 studies including 2,152,137 patients with diabetes were
included in the meta-analysis. Compared with statin non-users, patients who received statins
showed a lower risk of CVD events (primary prevention: risk ratio [RR] Z 0.80, 95% conﬁdence
interval [CI] 0.69e0.94, P Z 0.006; secondary prevention: RR Z 0.75, 95% CI 0.65e0.87,
P < 0.0001). No association was observed between statin and non-statin users and the risk of
all-cause mortality. The pooled results also revealed that statin use reduced the risk of ischemic
stroke in patients with diabetes (primary prevention: RR Z 0.83, 95% CI 0.70e0.97, P Z 0.020;
secondary prevention: RR Z 0.74, 95% CI 0.63e0.85, P < 0.0001).
Conclusions: Statin use signiﬁcantly reduced the risk of CVD events and stroke, but not all-cause
mortality, in individuals with diabetes undergoing both primary and secondary prevention. More
data are required to verify the effects of statins in patients with diabetes.
Systematic review registration: PROSPERO CRD42021281132.
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1. Introduction
Lipid disorders are traditional risk factors for cardiovascular diseases (CVDs), and lipid-lowering therapy using
statins has been widely used in clinics for several years.
Statin therapy is associated with a reduced risk of CVD
events and all-cause mortality in the general population,
both in primary and secondary prevention [1e3].
Type 1 and type 2 diabetes are traditional risk factors
for CVD. Lipid disorders frequently occur in patients with
diabetes, and the prevalence of hypercholesterolemia
ranges from 50% to 84% in Spain [4]. A cross-sectional
descriptive epidemiological study showed that the most
common comorbidities were hypertension and hyperlipidemia (84.9% and 65.6%, respectively) [5]. Considering
that the coexistence of diabetes and lipid disorders may
have an add-on effect on CVD outcomes, it is reasonable
to recommend the use of statins in patients with diabetes. The 2018 American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines recommends moderate-intensity statin therapy for
most adults with diabetes for primary prevention and
continuously recommends high-intensity statins for
secondary prevention. However, it also recommends
ezetimibe or proprotein convertase subtilisin/kexin type
9 (PCSK9) inhibitors added to maximally tolerated statin
therapy for a subgroup of very high-risk patients who do
not achieve a low-density lipoprotein cholesterol (LDL-C)
level below a threshold value of 70 mg/dl with statin
therapy alone [6].
The 2018 guidelines were primarily based on the results
of two meta-analyses [7,8]. In comparison with more
versus less intensive statin therapy from 26 randomized
controlled trials (RCTs), more intensive regimens produced
a highly signiﬁcant 15% further reduction in major vascular
events, consisting of signiﬁcant reductions in coronary
death or nonfatal myocardial infarction. However, this
meta-analysis included all lipid-lowering therapies, and no
diabetes subgroup was separated [7]. In another 2008
meta-analysis [8] of 18,686 patients with diabetes, the
pooled results of 14 RCTs indicated a 9% proportional
reduction in all-cause mortality in patients with diabetes,
similar to the 13% reduction in those without diabetes.
Nevertheless, the conclusion of this meta-analysis was
based only on mixed trials, regardless of the use of primary
or secondary prevention. In another 2013 meta-analysis,
statin treatment did not signiﬁcantly reduce CVD events,
and statin therapy had no beneﬁt in primary or secondary
prevention [9]. Based on clinical trials reporting that a
modest reduction in relative risk with statin treatment
may provide substantial clinical beneﬁts, it must be
emphasized that treatment decisions should be based not
on the reduction in relative risk but on the reduction in
absolute risk. Considering the lack of strong evidence of
statin use in primary and secondary prevention in patients
with diabetes, rather than comparing statin users in individuals with and without diabetes, we performed a
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meta-analysis, including all clinical trials, to further
conﬁrm the effect of statins in primary and secondary
prevention on the risk of CVD and mortality in patients
with diabetes.
2. Methods
We developed and followed a standard protocol according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement. This study was registered
with International Prospective Register of Systematic Reviews (number: CRD42021281132).
2.1. Search strategy and study selection
Relevant literature was searched in several databases,
including MEDLINE (PubMed, January 1, 1966, to April 1,
2022), Web of Science, Embase (January 1, 1966, to April 1,
2022), ClinicalTrials.gov, and the Cochrane Central Register
of Controlled Trials. The keywords used were as follows:
statins AND diabetes AND (cardiovascular disease OR
coronary heart disease OR stroke OR all-cause death OR
all-cause mortality). Manual searches for references cited
by the identiﬁed original studies and relevant review articles were also performed and evaluated. All studies in
this meta-analysis were published in English. The detailed
steps are shown in Fig. 1.
2.2. Inclusion and exclusion criteria
Studies that met the following criteria were included in
our meta-analysis: (1) studies with duration of more than
1 year; (2) RCTs, nonrandomized trials, and prospective,
observational cohort studies; (3) studies with statins being
compared with a control group in patients with diabetes;
and (4) studies with availability of an outcome (CVD
events, all-cause mortality, or stroke).
Studies were excluded if they met any of the following
criteria: (1) studies not comparing the outcomes between
the statin and control groups, (2) studies comprising patients with a combination of diabetes and kidney disease
(chronic kidney disease or dialysis), and (3) studies with
different publications analyzing the same population or
duplicates.
2.3. Data collection
Three researchers (Yang XH, Zhang BL, and Cheng Y) performed the search and reviewed the results. Data were
collected by all authors and independently extracted by
the three researchers (Yang XH, Zhang BL, and Cheng Y)
who reviewed all the study characteristics (i.e., ﬁrst author’s surname, year of publication, study design, sample
size, follow-up, and outcomes). Any disagreement in data
extraction was resolved through discussion among these
researchers in consultation with other authors (Jin HM and
Fun SK).
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Figure 1 Study selection process.

2.4. Assessment of heterogeneity
Heterogeneity was evaluated using Cochran’s Q test and I2
statistics. The study was deemed heterogeneous if the Pvalue was <0.1 (Cochran Q). Studies with I2 values < 50%
were considered non-heterogeneous; thus, a ﬁxed-effects
model was used in their analysis, whereas studies with I2
values > 50% were considered heterogeneous and were
analyzed using a random-effects model.
2.5. Quality assessment
Two of the previously mentioned researchers (Yang XH
and Zhang BL) assessed the quality of each selected study
using the NewcastleeOttawa scale, which assigns a
maximum of nine stars to a study based on the quality of
patient selection, study design, comparability, exposure,
and outcome. We considered a study to be of “high
quality” if it scored nine stars on this scale and “medium
quality” if it scored seven or eight stars. Discrepancies
between the two researchers were resolved through
discussion.
The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) system (https://gdt.
gradepro.org/app/) was used to evaluate the quality of

evidence. The evaluation included the study design, risk
of bias, inconsistency, indirectness, imprecision, and
other considerations. Four quality levels were developed:
“very low,” low,” “moderate,” and “high.”
2.6. Outcome measures
The primary outcome was the occurrence of CVD events,
and the secondary outcomes were coronary heart disease
(CHD), all-cause mortality, and ischemic stroke. CVD
events were deﬁned based on the diagnostic codes in the
International Classiﬁcation of Diseases, Ninth Revision,
Clinical Modiﬁcation as the occurrence of CHD (including
myocardial infarction, angina, and other CHDs), heart
failure, or cerebrovascular diseases (including stroke,
transient cerebral ischemic attack, cerebrovascular accident, and other cerebrovascular diseases).
2.7. Statistical analyses
Data were analyzed using STATA version 14.0 (StataCorp,
TX, USA). The risk ratios (RRs) for the association between
statins and CVD events, all-cause mortality, and stroke in
patients with diabetes were calculated or extracted from
individual studies. We also performed a sensitivity
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analysis, in which each study was extracted to evaluate its
effect on the estimate. Egger’s test was used to examine
the presence of publication bias. Statistical signiﬁcance for
all analyses was set at P < 0.05.
3. Results
3.1. Study ﬂow and characteristics
The decision-making process for inclusion is shown in
Fig. 1. Overall, 24 studies including 2,152,137 patients with
diabetes were included [10e33]. Table 1 shows the characteristics of the 24 included studies on statins in individuals with diabetes. Fifteen studies recorded CVD
events in primary prevention (eight RCTs), and 11 evaluated CVD events in secondary prevention (10 RCTs). Eight
studies assessed all-cause mortality in primary prevention
(four RCTs), and eight assessed all-cause mortality in secondary prevention (seven RCTs). Nine studies evaluated
strokes in primary prevention (four RCTs), and six evaluated strokes in secondary prevention (ﬁve RCTs). Five and
three patients were evaluated for CHD in primary and
secondary prevention, respectively. The quality assessment
results indicated that 17 and seven studies were of high
and medium quality, respectively, in the meta-analysis.
3.2. Association between statin use and risk of
cardiovascular events and coronary heart disease in
patients with diabetes in primary and secondary
prevention
In the analysis of primary prevention, the pooled results
from 15 studies indicated that compared with statin nonusers, statin users showed a lower risk of CVD events
(RR Z 0.80, 95% conﬁdence interval [CI] 0.69e0.94,
P Z 0.006 [Fig. 2A]). Similarly, the pooled results from
eight RCTs also indicated that those receiving statins
showed a lower risk of CVD events (RR Z 0.76, 95% CI
0.69e0.85, P < 0.0001) compared to statin non-users.
In the analysis of secondary prevention, the results of 11
studies showed that statin therapy was more effective in
the prevention of CVD events than no statin therapy
(RR Z 0.75, 95% CI 0.65e0.87, P < 0.0001 [Fig. 2B]). The
pooled results from 10 RCTs also indicated that statin
therapy was signiﬁcantly associated with a reduced risk of
CVD (RR Z 0.79, 95% CI 0.68e0.90, P Z 0.001). Thus,
publication bias was found in CVD prevention (primary
prevention, P Z 0.001; secondary prevention, P Z 0.013).
In the analysis of primary and secondary prevention,
statin users also showed a reduced risk of CHD (RR Z 0.78,
95% CI 0.72e0.85 and RR Z 0.59, 95% CI 0.42e0.84,
respectively [Fig. 5]).
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statin use was not associated with decreased all-cause mortality compared with statin non-users among patients with
diabetes in primary prevention (RR Z 0.85, 95% CI 0.71e1.01,
P Z 0.079). Pooled results from four RCTs also indicated that
compared to statin non-users, those receiving statins were
not associated with all-cause mortality (RR Z 0.89, 95% CI
0.68e1.16, P Z 0.396).
Similarly, there was no signiﬁcant association between
statin use and the incidence of all-cause mortality in secondary prevention (RR Z 0.85, 95% CI 0.70e1.03,
P Z 0.065 [Fig. 3B]). The pooled results from seven RCTs
also indicated that compared to statin non-users, statins
users were not associated with all-cause mortality
(RR Z 0.97, 95% CI 0.86e1.09, P Z 0.600 [Fig. 3B]). No
publication bias was found (primary prevention,
P Z 0.440; secondary prevention, P Z 0.245).
3.4. Association between statin use and the risk of
ischemic stroke in patients with diabetes in primary and
secondary prevention
Compared to no statin therapy, the results from nine
studies showed that statin therapy resulted in signiﬁcantly
lower risk of ischemic stroke in the primary prevention of
patients with diabetes (RR Z 0.83, 95% CI 0.70e0.97,
P Z 0.020 [Fig. 4A]). The pooled results from the four RCTs
also indicated that statin therapy was effective in reducing
the risk of ischemic stroke in the primary prevention of
patients with diabetes (RR Z 0.69, 95% CI 0.53e0.90,
P Z 0.007 [Fig. 4A]).
In the analysis of secondary prevention, the results of
six studies showed that statin therapy was more effective
than no statin therapy (RR Z 0.74, 95% CI 0.63e0.85,
P < 0.0001 [Fig. 4B]). The pooled results from ﬁve RCTs also
indicated that statin therapy was effective in the secondary prevention of stroke (RR Z 0.74, 95% CI 0.64e0.86,
P Z 0.007 [Fig. 4B]). Consequently, publication bias was
found in the primary prevention group (P Z 0.035), but no
publication bias was found in the secondary prevention
group (P Z 0.578).
3.5. Quality of evidence assessment
The GRADE system was used to assess the quality of evidence, and the results are presented in Table 2. In summary, the quality of evidence was rated as high for CVD
events in primary prevention, all-cause mortality in secondary prevention, stroke in both primary and secondary
prevention, and moderate for CVD events in secondary
prevention and all-cause mortality in primary prevention.
4. Discussion

3.3. Association between statins use and the risk of allcause mortality in patients with diabetes in primary and
secondary prevention
As shown in Fig. 3A, the pooled results from all trials dealing
with all-cause mortality were inconclusive, indicating that

This meta-analysis is the largest in terms of pooling results
from the largest number of articles and sample size. The
main results indicate that statin use in patients with diabetes is associated with a reduced risk of CVD events and
ischemic stroke in primary and secondary prevention, but

2474

Table 1 Characteristics of the included studies.
Study

Prevention

Sample
size (N)

Age (years)

Sex
Pre-existing Study type
(male%) condition

Follow
Statin
up (year)

Outcomes

4S 1997 [10]

Secondary

202

59.9  6.6

72.0

DM

5.4

Lovastatin
20-40 mg/d

high

AFCAPS/TexCAPS
1998 [11]
CARE 1998 [12]

Primary

155

58.0  7.0

85.0

DM

5.2

Secondary

586

61.0  8.0

80.4

DM

Simvastatin
20-40 mg/d
Pravastatin
40 mg/d

CVD
4.8  0.67
CHD
All-cause mortality
CVD
4.04  0.63

high

Post-CABG 1999
[13]

Secondary

116

63.1 (21e74) /

T2DM

GISSI-P 2000 [14]

Secondary

582

69.0  9.0

79.1

DM

All-cause mortality < 250 mg/dl

high

ALLHAT-LLT 2002
[15]
LIPS 2002 [16]

Primary

3638

66.4  7.6

51.4

T2DM

202

60 (18e80)

84.2

T1DM
and T2DM

CVD
3.8
All-cause mortality
CVD
3.4  0.8

high

Secondary

high

Primary and
Secondary
Primary and
Secondary

623

75.3  3.4

48.0

DM

CVD

3.8  0.8

high

5963

62.1  8.9

70.0

T1DM
and T2DM

double-blind,
multicenter
RCT
double-blind,
RCT
Multicenter
RCT
double-blind,
multinational
RCT
double-blind,
RCT
Multicenter
RCT

CVD
136  14 (mg/dL)
CHD
All-cause mortality
Ischaemic stroke
CVD
3.93
All-cause mortality

3.2  0.82

high

LIPID 2003 [19]

Secondary

1077

64 (57e68)

81.0

T1DM
and T2DM

double-blind,
RCT

6.1

3.7

high

CARDS 2004 [20]

Primary

2838

61.5  8.3

68.0

T2DM

double-blind,
multicenter
RCT

3.9

3.04  0.72

high

ASCOT-LLA 2005
[21]
ASPEN 2006 [22]

Primary

2532

63.6  8.5

76.3

T2DM

3.3

3.3  0.7

high

Primary and
Secondary

2410

61.1  8.1

66.3

T2DM

113  25 (mg/dL)

high

CORON 2007 [23]

Secondary

1477

73  7.1

76.0

DM

3.54  0.95

high

GISSI-HF 2008 [24]

Secondary

1196

68  11

77.4

DM

122 (mg/dL)

high

MEGA 2008 [25]

Primary

1746

59  7

42

DM

double-blind,
RCT
double-blind,
multinational
RCT
single-blind,
RCT
double-blind,
multicenter
RCT
multicenter
RCT

CVD
CHD
Ischaemic stroke
Pravastatin
CVD
40 mg/d
All-cause mortality
Ischaemic stroke
Atorvastatin CVD
10 mg/d
CHD
All-cause mortality
Ischaemic stroke
Atorvastatin CVD
10 mg/d
Ischaemic stroke
Atorvastatin CVD
10 mg/d
All-cause mortality
Ischaemic stroke
Rosuvastatin CVD
10 mg/d
Rosuvastatin All-cause mortality
10 mg/d

5.3

Pravastatin
10-20 mg/d

Ting RZ et al., 2010
[26]

Primary

4521

54

46.3

T2DM

prospective
cohort study

4.9

statins

PROSPER 2002 [17]
HPS 2003 [18]

double-blind,
multicenter
RCT
double-blind,
RCT
double-blind, RCT

5.0

4.3

Lovastatin

1.9

Pravastatin
20-40 mg/d
Pravastatin
40 mg/d
Fluvastatin
80 mg/d

4.8
3.9

3.2
5.0

4.0

2.7
3.9

Pravastatin
40 mg/d
Simvastatin
40 mg/d

Baseline LDL-C
Level (mmol/L)

quality

high

high
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CVD
156.6  18.8 (mg/dL) high
All-cause mortality
Ischaemic stroke
CVD
3.0
medium

Secondary

794

64.4  0.49

61.1

T2DM

RCT

4.9

Atorvastatin
80 mg/d

Sheng X et al., 2012
[28]

Primary and
Secondary

6697

60.9  11.8

54.4

DM

population-based
cohort study

14

statins

Simmons RK et al.,
2014 [29]

Primary

1509

40e69

56.9

T2DM

Observational
cohort study

5

statins

Hero C et al., 2016
[30]

Primary

8050

48.4  11.7

54.9

T1DM

propensity
scoreebased study.

6

statins

Fung CSC et al., 2017 Primary
[31]

20208

64.8  10.3

41.7

T2DM

retrospective cohort
study

5

statins

Ramos R et al., 2018
[32]

Primary

7880

>75

39.7

T2DM

retrospective cohort
study

5.6

statins

Kim MK et al., 2019
[33]

Primary

2077135 58.3  10.5

56.6

T2DM

prospective
cohort study

7.1

statins

CVD
All-cause mortality
Ischaemic stroke
CVD
All-cause mortality
Ischaemic stroke
CVD
All-cause mortality
Ischaemic stroke
CVD
CHD
All-cause mortality
Ischaemic stroke
CVD
CHD
All-cause mortality
Ischaemic stroke
CVD
CHD
All-cause mortality
Ischaemic stroke
CVD
Ischaemic stroke

130.8 (mg/dL)

high

/

medium

/

medium

2.71  0.86

medium

3.76  0.63

medium

3.7  0.9

medium

Statin and risk of CVD

SPARCL 2011 [27]

113.4  10.5 (mg/dL) medium

AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular ﬁltration rate; RCT, randomized controlled trial; 4S: Scandinavian Simvastatin Survival Study; AFCAPS/TexCAPS, the
Air Force/Texas Coronary Atherosclerosis Prevention Study; CARE, the Cholesterol And Recurrent Events; Post-CABG, the Post Coronary Artery Bypass Graft; ALLHAT-LLT, the Antihypertensive and
Lipid-Lowering Treatment to Prevent Heart Attack Trial; LIPS, Lescol Intervention Prevention Study; PROSPER, the PROspective Study of Pravastatin in the Elderly at Risk; LIPID, the Long-Term
Intervention with Pravastatin in Ischemic Disease trial; CARDS, the Collaborative Atorvastatin Diabetes Study; ASCOT-LLA, Anglo-Scandinavian Cardiac Outcomes TrialeLipid-Lowering Arm;
ASPEN, the Atorvastatin Study for Prevention of Coronary Heart DiseaseEndpoints in Non-Insulin-Dependent Diabetes Mellitus; SPARCL, the Stroke Prevention by Aggressive Reduction in Cholesterol
Levels Trial; GISSI-HF, the Gruppo Italiano per lo Studio della Sopravvivenza nell’Insufﬁ cienza cardiac-heart failure; MEGA, the Management of Elevated Cholesterol in the Primary Prevention Group
of Adult Japanese Study; GISSI-P, Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico Prevenzione.
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Figure 2 RRs for CVD events associated with statin use from pooled studies in patients with diabetes.(A) Pooled results of statin use for CVD events
in primary prevention in patients with diabetes.(B) Pooled results of statin use for CVD events in secondary prevention in patients with diabetes.
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Figure 3 RRs for all-cause mortality associated with statin use from pooled studies in patients with diabetes.(A) Pooled results of statin use for allcause mortality in primary prevention in patients with diabetes(B) Pooled results of statin use for all-cause mortality in secondary prevention in
patients with diabetes.
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Figure 4 RRs for ischaemic stroke associated with statin use from pooled studies in patients with diabetes. (A) Pooled results of statin use for
ischaemic stroke in primary prevention in patients with diabetes.(B) Pooled results of statin use for ischaemic stroke in secondary prevention in
patients with diabetes.
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Figure 5 RRs for CHD associated with statin use from pooled studies in patients with diabetes.

is not associated with reduced all-cause mortality in either
group.
The results of this meta-analysis differ from those of
several previous meta-analyses [7e9]. First, several previous meta-analyses compared statin use in diabetes versus
non-diabetes or less versus more intensive statin therapy
between patients with and without diabetes. Our pooled
results were obtained from individuals with diabetes and
compared statin use with non-statin use. It is reasonable to
believe that such results are reliable when comparing statin
and non-statin use in the same disease condition. Second,
there have been several meta-analyses of patients with
diabetic kidney disease and those undergoing hemodialysis
(HD). There is a counter-epidemiological phenomenon in
patients undergoing HD; therefore, it is readily comprehensible that statin use in patients on HD is not associated
with a positive reduction in CVD risk and mortality. Third,
the number of patients in some large lipid-lowering therapy
studies was high; however, the subgroups of individuals
with diabetes, such as 4S (n Z 202), WOSCOPS (n Z 76),
LIPS (n Z 202), and post-CABG (n Z 116), were relatively
small. The pooled results from small trials were not statistically robust. However, our meta-analysis included RCTs,
prospective cohort trials, and retrospective studies, and the
overall result is the same as the pooled RCT result, indicating that the overall results are reliable.
The American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines published their 2018 recommendations for the management of

LDL-C in patients with diabetes [6]. For primary prevention,
moderate-intensity statin therapy is recommended for
those aged 40e75 years, with a preference for highintensity statin treatment for older subjects and those
with higher estimated risk or risk-enhancing factors. This
recommendation is mainly based on a meta-analysis of 14
randomized trials comparing statin use in patients with and
without diabetes [8]. However, this conclusion is insufﬁciently strong; statin users should be compared with statin
non-users in the same individuals with diabetes, rather
than statin use in patients with diabetes and those without
diabetes. Of the 24 papers included in this meta-analysis, 17,
4, and 3 were RCTs, prospective cohort studies, and retrospective studies, respectively. Placebo served as a control in
all RCTs on primary and secondary prevention. In both
prospective and retrospective studies, expectedly, nonstatin users were used as controls compared with statin
users. Therefore, it is easy to understand that some patients
with diabetes did not receive statin therapy.
If an individual is intolerable to statins, is an alternative
drug available? PCSK9 is a circulating protein that binds to
the LDL receptor to regulate cholesterol metabolism.
PCSK9 monoclonal antibody therapy, which reduces LDL-C
level, has been used clinically for many years and may be a
substitute for patients with diabetes who are intolerant or
resistant to statins. A previous study has shown that the
PCSK9 monoclonal antibody alirocumab could decrease
the risk of stroke, irrespective of baseline LDL-C level and
history of cerebrovascular disease in patients with recent
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Table 2 Statin users compared to Statin non-users for CVD/All-cause mortality/Stroke in patients with diabetes.
Outcomes

CVD events primary
prevention
CVD events
secondary
prevention
All-cause mortality
primary
prevention
All-cause mortality
Secondary
prevention
Stroke primary
prevention
Stroke-Secondary
prevention

No of participants
(studies)
Follow up

Certainty of the
evidence (GRADE)

21713 (8 RCTs)

Relative effect (95% CI)

Anticipated absolute effects
Risk with Statin
non-users

Risk difference with
Statin users

RR 0.76 (0.69e0.85)

96 per 1000

RR 0.79 (0.68e0.90)

343 per 1000

23 fewer per 1000 (30
fewer to 14 fewer)
72 fewer per 1000 (110
fewer to 34 fewer)

RR 0.89 (0.68e1.16)

83 per 1000

9 fewer per 1000 (27
fewer to 13 more)

RR 0.97 (0.86e1.09)

268 per 1000

8 fewer per 1000 (38
fewer to 24 more)

RR 0.69 (0.53e0.90)

29 per 1000

RR 0.74 (0.64e0.86)

81 per 1000

9 fewer per 1000 (14
fewer to 3 fewer)
21 fewer per 1000 (29
fewer to 11 fewer)

HIGH
7167 (10 RCTs)
MODERATE
8727 (4 RCTs)
MODERATE
3981 (7 RCTs)
HIGH
9021 (4 RCTs)
HIGH
8902 (5 RCTs)
HIGH

Patient or population: Diabetic patients.
Intervention: Statin users.
Comparison: Statin non-users.
*The risk in the intervention group (and its 95% conﬁdence interval) is based on the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% CI)$CI: Conﬁdence interval; RR: Risk ratio.
GRADE Working Group grades of evidence.
High certainty: We are very conﬁdent that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately conﬁdent in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there
is a possibility that it is substantially different.
Low certainty: Our conﬁdence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little conﬁdence in the effect estimate: The true effect is likely to be substantially different from the estimate of
effect.

acute coronary syndrome and dyslipidemia despite
intensive statin therapy [34]. Therefore, combination
therapy with statins and PCSK9 inhibitors or PCSK9 inhibitors alone for those who are intolerable to statins may
further reduce CVD events, stroke, and mortality in individuals with diabetes.
The mechanism by which statins reduce the risk of CVD
and stroke in diabetes is related to the potential protection
of endothelial cell injuries induced by hyperglycemia.
Hyperglycemia is an important factor associated with
cardiovascular damage. Hyperglycemia-induced mitochondrial dysfunction and endoplasmic reticulum stress
can promote reactive oxygen species accumulation, subsequently promoting cellular damage [35e37]. Elevated
glucose levels might also increase pro-inﬂammatory and
procoagulant factor expression, induce apoptosis, and
impair nitric oxide release. Oxidative stress-induced
phenotypic alterations were observed in vascular smooth
muscle cell (37). A previous study showed that statins
could directly regulate extracellular signal-regulated kinase 5, stimulate tight junction formation, and reduce
permeability of human cardiac endothelial cells [38]. Statins can reduce endothelial lipase expression in vitro and
in vivo by inhibiting RhoA activity [39].
In this meta-analysis, our pooled results showed that
statin use is effective in the primary and secondary prevention of stroke in patients with diabetes. Whether statins play different roles in stroke prevention in primary

and secondary prevention settings is controversial. A
previous meta-analysis [40] indicated that lipid-lowering
therapy using statins in the general population was associated with a lower risk of ischemic stroke in primary and
secondary prevention. The curve estimation procedure
revealed a linear association between the absolute risk
reduction of ischemic stroke in secondary prevention, and
the cubic model indicated a greater absolute risk reduction
in high-risk CVD-free individuals in primary prevention.
Considering the relatively few trials (nine papers on primary prevention and six on secondary prevention) in our
pooled stroke prevention studies, more trials are required
to further conﬁrm these signiﬁcant results in patients with
diabetes.
It is unclear why statins had no signiﬁcant effect on allcause mortality in patients with diabetes in the pooled
results. Early meta-analysis also showed that there was a
slight and insigniﬁcant reduction in the relative risk of
non-cardiovascular mortality and fatal strokes in primary
and secondary prevention in individuals without diabetes
[41]. However, its precise mechanism of action remains
unclear. Elevated inﬂammation and coronary plaque progression have been proposed in statin users [42]. In a
subgroup analysis of 142 participants from the Risk Stratiﬁcation with Image Guidance of HMG CoA Reductase Inhibitor Therapy study, the authors found that systemic
inﬂammation played a role in coronary calciﬁcation, which
probably led to increased side effects in statin users [42].

Statin and risk of CVD

Diabetes may increase systemic inﬂammation, and
increased inﬂammation and coronary calciﬁcation may
counteract the effects of statins in patients with diabetes.
Therefore, it seems reasonable to explain the negative results for mortality in patients with statin use and diabetes.
However, there are only eight papers on primary and
secondary prevention, and more perspective-controlled
studies are required to conﬁrm this conclusion.
This meta-analysis has some potential limitations. First,
RCTs were relatively small for each endpoint event, the
sample size was relatively small, and many trials were
published several years previously, several of which were
prospective or retrospective cohort studies. However, the
overall results are consistent with the pooled results of the
RCTs, and the conclusions are reliable. Second, heterogeneity was relatively high in pooled all-cause mortality and
stroke in primary prevention, with 75.5% and 73.6% heterogeneity, respectively. This signiﬁcant heterogeneity was
due to the different study designs (RCT, prospective cohort,
or retrospective cohort) included in this meta-analysis.
Third, there are several publication biases in primary and
secondary prevention, and negative results are probably
difﬁcult to publish. However, publication bias did not
affect the overall results. Fourth, the types of diabetes
cannot be separated because most of the studies did not
clearly state whether the study subjects had type 1 or 2
diabetes.
5. Conclusions
In conclusion, this meta-analysis indicates that statin use
is associated with a reduced risk of CVD events and stroke,
but not with reduced all-cause mortality, in patients with
diabetes in primary and secondary prevention.
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