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A B S T R A C T

Background

Carotid artery stenosis is narrowing of the carotid arteries. Asymptomatic carotid stenosis is when this narrowing occurs in people without
a history or symptoms of this disease. It is caused by atherosclerosis; that is, the build-up of fats, cholesterol, and other substances in and on
the artery walls. Atherosclerosis is more likely to occur in people with several risk factors, such as diabetes, hypertension, hyperlipidaemia,
and smoking. As this damage can develop without symptoms, the first symptom can be a fatal or disabling stroke, known as ischaemic
stroke. Carotid stenosis leading to ischaemic stroke is most common in men older than 70 years. Ischaemic stroke is a worldwide public
health problem.

Objectives

To assess the eJects of pharmacological interventions for the treatment of asymptomatic carotid stenosis in preventing neurological
impairment, ipsilateral major or disabling stroke, death, major bleeding, and other outcomes.

Search methods

We searched the Cochrane Stroke Group trials register, CENTRAL, MEDLINE, Embase, two other databases, and three trials registers from
their inception to 9 August 2022. We also checked the reference lists of any relevant systematic reviews identified and contacted specialists
in the field for additional references to trials.

Selection criteria

We included all randomised controlled trials (RCTs), irrespective of publication status and language, comparing a pharmacological
intervention to placebo, no treatment, or another pharmacological intervention for asymptomatic carotid stenosis.

Data collection and analysis

We used standard Cochrane methodological procedures. Two review authors independently extracted the data and assessed the risk of
bias of the trials. A third author resolved disagreements when necessary. We assessed the evidence certainty for key outcomes using
GRADE.

Main results

We included 34 RCTs with 11,571 participants. Data for meta-analysis were available from only 22 studies with 6887 participants. The mean
follow-up period was 2.5 years. None of the 34 included studies assessed neurological impairment and quality of life.

Antiplatelet agent (acetylsalicylic acid) versus placebo
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Acetylsalicylic acid (1 study, 372 participants) may result in little to no diJerence in ipsilateral major or disabling stroke (risk ratio (RR)
1.08, 95% confidence interval (CI) 0.47 to 2.47), stroke-related mortality (RR 1.40, 95% CI 0.54 to 3.59), progression of carotid stenosis (RR
1.16, 95% CI 0.79 to 1.71), and adverse events (RR 0.81, 95% CI 0.41 to 1.59), compared to placebo (all low-certainty evidence). The eJect
of acetylsalicylic acid on major bleeding is very uncertain (RR 0.98, 95% CI 0.06 to 15.53; very low-certainty evidence). The study did not
measure neurological impairment or quality of life.

Antihypertensive agents (metoprolol and chlorthalidone) versus placebo

The antihypertensive agent, metoprolol, may result in no diJerence in ipsilateral major or disabling stroke (RR 0.14, 95% CI 0.02 to1.16; 1
study, 793 participants) and stroke-related mortality (RR 0.57, 95% CI 0.17 to 1.94; 1 study, 793 participants) compared to placebo (both
low-certainty evidence). However, chlorthalidone may slow the progression of carotid stenosis (RR 0.45, 95% CI 0.23 to 0.91; 1 study, 129
participants; low-certainty evidence) compared to placebo. Neither study measured neurological impairment, major bleeding, adverse
events, or quality of life.

Anticoagulant agent (warfarin) versus placebo

The evidence is very uncertain about the eJects of warfarin (1 study, 919 participants) on major bleeding (RR 1.19, 95% CI 0.97 to 1.46;
very low-certainty evidence), but it may reduce adverse events (RR 0.89, 95% CI 0.81 to 0.99; low-certainty evidence) compared to placebo.
The study did not measure neurological impairment, ipsilateral major or disabling stroke, stroke-related mortality, progression of carotid
stenosis, or quality of life.

Lipid-lowering agents (atorvastatin, fluvastatin, lovastatin, pravastatin, probucol, and rosuvastatin) versus placebo or no
treatment

Lipid-lowering agents may result in little to no diJerence in ipsilateral major or disabling stroke (atorvastatin, lovastatin, pravastatin, and
rosuvastatin; RR 0.36, 95% CI 0.09 to 1.53; 5 studies, 2235 participants) stroke-related mortality (lovastatin and pravastatin; RR 0.25, 95% CI
0.03 to 2.29; 2 studies, 1366 participants), and adverse events (fluvastatin, lovastatin, pravastatin, probucol, and rosuvastatin; RR 0.76, 95%
CI 0.53 to1.10; 7 studies, 3726 participants) compared to placebo or no treatment (all low-certainty evidence). The studies did not measure
neurological impairment, major bleeding, progression of carotid stenosis, or quality of life.

Authors' conclusions

Although there is no high-certainty evidence to support pharmacological intervention, this does not mean that pharmacological
treatments are ineJective in preventing ischaemic cerebral events, morbidity, and mortality. High-quality RCTs are needed to better inform
the best medical treatment that may reduce the burden of carotid stenosis. In the interim, clinicians will have to use other sources of
information.

P L A I N   L A N G U A G E   S U M M A R Y

What medicines are best for people with narrowing of the carotid arteries (blood vessels that deliver oxygen-rich blood from the
heart to the brain)?

Key messages

Compared to placebo (an inactive medicine):
- warfarin, an anticoagulant (blood-thinning medicine), may reduce the risk of side eJects by 11%;
- chlorthalidone, an antihypertensive (medicine for lowering high blood pressure), may slow the progression of carotid stenosis (narrowing
of the carotid arteries) by 55%.

Studies with more participants and with long-term follow-up are needed to define the best medical treatment for modifiable risk factors
in people with no symptoms of carotid narrowing.

What is asymptomatic carotid stenosis?

Carotid artery stenosis is narrowing of the carotid arteries, the major blood vessels that provide the brain's blood supply. 'Asymptomatic
carotid stenosis' is when this narrowing occurs in people without symptoms of this disease. It is caused by atherosclerosis: the buildup
of fats, cholesterol (high blood fats), and other substances in and on the blood vessel walls. Narrowing of the carotid arteries can develop
without symptoms, so the first symptom can be a fatal or disabling stroke.

How is asymptomatic carotid stenosis treated?

The risk of having a stroke might be reduced by controlling modifiable, atherosclerosis risk factors, such as high blood pressure, smoking,
cholesterol, and diabetes. There are a range of medicines used for these purposes, including:

- antihypertensive medicines (which lower high blood pressure);
- cholesterol- or lipid-lowering medicines (drugs that lower high cholesterol levels);

Pharmacological interventions for asymptomatic carotid stenosis (Review)
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- anticoagulants (also called 'blood thinners'); or
- antiplatelet medicines (drugs that prevent blood clots from forming).

What did we want to find out?

We wanted to find out which medicines for asymptomatic carotid stenosis are best for preventing: damage to the brain, stroke, death,
major bleeding, and progression of the carotid arteries' narrowing.

We also wanted to find out if these medicines make any diJerence to people's quality of life and whether they are associated with any
unwanted or harmful eJects.

What did we do?

We searched for studies that compared one type of medicine with another type of medicine, placebo (an inactive medicine), or no
treatment, in people of any age with asymptomatic carotid narrowing.

We compared and summarised the results of the studies and rated our confidence in the evidence, based on factors such as study methods
and sizes.

What did we find?

We found 34 studies that examined the medicines we were interested in. The studies involved a total of 11,571 people with asymptomatic
carotid stenosis. The participants' average age was 61 years (range = 18 to 100 years old), and nearly two-thirds of participants were male.
The studies were carried out in outpatient medical settings around the world. The average follow-up period was under three years.

Of these 34 studies, only 22 assessed our outcomes of interest and were included in our analyses. These 22 studies involved a total of 6887
people with asymptomatic carotid stenosis.

None of the studies assessed participants for neurological (i.e. brain) damage, and none measured changes in people's quality of life.

Main results

Antiplatelets (aspirin) compared to placebo

Aspirin (1 study; 372 participants) may not prevent stroke, stroke-related death, progression of carotid narrowing, or increase side eJects
compared to placebo. We are very uncertain about the eJect of aspirin on large bleeding events.

Antihypertensive drugs (metoprolol and chlorthalidone) compared to placebo

It is uncertain if metoprolol (1 study, 793 participants) may prevent stroke or stroke-related death. However, chlorthalidone (1 study, 129
participants) may slow the progression of carotid narrowing compared to placebo. Neither study measured large bleeding events or side
eJects.

Anticoagulant drug (warfarin) compared to placebo

It is uncertain whether warfarin (1 study, 919 participants) increases large bleeding events compared to placebo. However, it may lead to
side eJects compared to placebo. The study did not measure stroke, stroke-related death, or progression of carotid stenosis.

Cholesterol-lowering drugs (atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin, and probucol) compared to placebo or no
treatment

It is unclear if cholesterol-lowering drugs prevent stroke (5 studies, 2235 participants), stroke-related death (2 studies, 1366 participants),
or increase side eJects (7 studies, 3726 participants) compared to placebo or no treatment. The studies did not measure large bleeding
events or progression of carotid stenosis.

What are the limitations of the evidence?

We have limited confidence in the evidence for prevention of stroke, death, progression of carotid narrowing, side eJects, and major
bleeding events. Some studies had methodological problems or study designs that were not well reported. Overall, there is limited
evidence to inform decision-making about the use of medicines for asymptomatic carotid artery stenosis.

How up to date is this evidence?

The evidence is up to date to August 2022.

Pharmacological interventions for asymptomatic carotid stenosis (Review)
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Summary of findings 1.   Antiplatelet agent versus placebo for asymptomatic carotid stenosis

Antiplatelet agent compared to placeboa for asymptomatic carotid stenosis

Patient or population: asymptomatic carotid stenosis
Setting: outpatients
Intervention: antiplatelet agent
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes (measurement) № of participants
(studies)

Certainty of the
evidence
(GRADE)

Relative effect
(95% CI)

Risk with placebo Risk difference with antiplatelet
agent

Neurological impairment The included study did not measure this outcome.

Study populationIpsilateral major or disabling stroke (CT
scan or MRI)

Follow-up: 2.3 years

372

(1 RCT)b
⊕⊕⊝⊝

Lowc

RR 1.08
(0.47 to 2.47)

54 per 1000 4 more per 1000
(29 fewer to 80 more)

Study populationStroke-related mortality (CT scan or MRI)

Follow-up: 2.3 years

372

(1 RCT)b
⊕⊕⊝⊝

Lowc

RR 1.40
(0.54 to 3.59)

38 per 1000 15 more per 1000
(17 fewer to 99 more)

Study populationMajor bleeding (not reported)

Follow-up: 2.3 years

372

(1 RCT)b
⊕⊝⊝⊝

Very lowc,d

RR 0.98
(0.06 to 15.53)

5 per 1000 0 fewer per 1000
(5 fewer to 79 more)

Study populationProgression of carotid stenosis (DUS/
every 6 months)

Follow-up: 2.3 years

372

(1 RCT)b
⊕⊕⊝⊝

Lowc

RR 1.16
(0.79 to 1.71)

201 per 1000 32 more per 1000
(42 fewer to 143 more)

Study populationAdverse events (not reported)

Follow-up: 2.3 years

372

(1 RCT)b
⊕⊕⊝⊝

Lowc

RR 0.81
(0.41 to 1.59)

92 per 1000 16 fewer per 1000
(52 fewer to 47 more)
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Quality of life The included study did not measure this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; CT scan: computerised tomography scan; DUS: duplex ultrasonography; MRI: magnetic resonance imaging; №: number; RCT: randomised con-
trolled trial; 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.

aOne study included in this comparison
bAcetylsalicylic acid
cDowngraded two levels due to imprecision: few events, one study, and 95% CI consistent with possible benefit and possible harm
dDowngraded one level due to indirectness: unexplained major bleeding definition
 
 

Summary of findings 2.   Antihypertensive agent versus placebo for asymptomatic carotid stenosis

Antihypertensive agent compared to placeboa for asymptomatic carotid stenosis

Patient or population: asymptomatic carotid stenosis
Setting: outpatients
Intervention: antihypertensive agent
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes (measurement/time point) № of participants
(studies)

Certainty of the
evidence
(GRADE)

Relative effect
(95% CI)

Risk with placebo Risk difference with antihyper-
tensive agent

Neurological impairment Neither included study measured this outcome.

Study populationIpsilateral major or disabling stroke (not re-
ported)

Follow-up: 3 years

793

(1 RCT)b
⊕⊕⊝⊝

Lowc

RR 0.14
(0.02 to 1.16)

18 per 1000 15 fewer per 1000
(17 fewer to 3 more)

Stroke-related mortality (not reported)

Follow-up: 3 years

793

(1 RCT)b
⊕⊕⊝⊝

Lowc

RR 0.57
(0.17 to 1.94)

Study population
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18 per 1000 8 fewer per 1000
(15 fewer to 17 more)

Major bleeding Neither included study measured this outcome.

Study populationProgression of carotid stenosis (DUS/at be-
ginning and end)

Follow-up: 2 years

129

(1 RCT)d
⊕⊕⊝⊝

Lowc

RR 0.45
(0.23 to 0.91)

310 per 1000 171 fewer per 1000
(239 fewer to 28 fewer)

Adverse events Neither included study measured this outcome.

Quality of life Neither included study measured this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; CT scan: computerised tomography scan; DUS: duplex ultrasonography; MRI: magnetic resonance imaging; №: number; RCT: randomised con-
trolled trial; 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.

aTwo studies included in this comparison
bMetoprolol
cDowngraded two levels due to imprecision: few events, few studies, and 95% CI consistent with possible benefit and possible harm
dChlorthalidone
 
 

Summary of findings 3.   Anticoagulant agent versus placebo for asymptomatic carotid stenosis

Anticoagulant agent compared to placeboa for asymptomatic carotid stenosis

Patient or population: asymptomatic carotid stenosis
Setting: outpatients
Intervention: anticoagulant agent
Comparison: placebo

Outcomes (measurement/time point) № of participants
(studies)

Certainty of the
evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects* (95% CI)
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Risk with placebo Risk difference with antico-
agulant agent

Neurological impairment The included study did not measure this outcome.

Ipsilateral major or disabling stroke The included study did not measure this outcome.

Stroke-related mortality The included study did not measure this outcome.

Study populationMajor bleeding (hospital records/every 6
weeks)

Follow-up: 2.8 years

919

(1 RCT)b
⊕⊝⊝⊝

Very lowc,d

RR 1.19
(0.97 to 1.46)

260 per 1000 49 more per 1000
(8 fewer to 120 more)

Progression of carotid stenosis The included study did not measure this outcome.

Study populationAdverse events (hospital records/every 6
weeks)

Follow-up: 2.8 years

919

(1 RCT)b
⊕⊕⊝⊝

Lowc

RR 0.89
(0.81 to 0.99)

644 per 1000 71 fewer per 1000
(122 fewer to 6 fewer)

Quality of life The included study did not measure this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; №: number; RCT: randomised controlled trial; 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.

aOne study included in this comparison
b Warfarin
cDowngraded two levels due to imprecision: few events, one study, and 95% CI consistent with possible benefit and possible harm
cDowngraded one level due to indirectness: unexplained major bleeding definition
 
 

Summary of findings 4.   Lipid-lowering agent compared to placebo or no treatment for asymptomatic carotid stenosis

Lipid-lowering agent compared to placeboa or no treatment for asymptomatic carotid stenosis

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



P
h

a
rm

a
co

lo
g

ica
l in

te
rv

e
n

tio
n

s fo
r a

sy
m

p
to

m
a

tic ca
ro

tid
 ste

n
o

sis (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2023 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

8

Patient or population: asymptomatic carotid stenosis
Setting: outpatients
Intervention: lipid-lowering agent
Comparison: placebo or no treatment

Anticipated absolute effects* (95% CI)Outcomes (measurement/time point) № of participants
(studies)

Certainty of the
evidence
(GRADE)

Relative effect
(95% CI)

Risk with placebo
or no treatment

Risk difference with
lipid-lowering agent

Neurological impairment The included studies did not measure this outcome.

Study populationIpsilateral major or disabling stroke (only reported
for two studies: one used CT scan, MRI and hospital

records/every 6 weeksb; the other used physical exam-

ination/at beginning and 10 days after the endc)

Follow-up: 3.1 years

2235

(5 RCTs)d
⊕⊕⊝⊝

Lowe

RR 0.36
(0.09 to 1.53)

18 per 1000 11 fewer per 1000
(16 fewer to 10 more)

Study populationStroke-related mortality (only reported for one study:

CT scan, MRI and hospital records/every 6 weeksb)

Follow-up: 4 years

1366

(2 RCTs)f
⊕⊕⊝⊝

Lowe

RR 0.25
(0.03 to 2.29)

4 per 1000 3 fewer per 1000
(4 fewer to 6 more)

Major bleeding The included studies did not measure this outcome.

Progression of carotid stenosis The included studies did not measure this outcome.

Study populationAdverse events (only reported for two studies: one
study used CT scan, MRI and hospital records/every 6

weeksb; the other used physical examination/at begin-

ning and 10 days after the endc)

Follow-up: 3.3 years

3726

(7 RCTs)g
⊕⊕⊝⊝

Lowe

RR 0.76
(0.53 to 1.10)

86 per 1000 21 fewer per 1000
(41 fewer to 9 more)

Quality of life The included studies did not measure this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; CT scan: computerised tomography scan; MRI: magnetic resonance imaging; №: number; RCT: randomised controlled trial; 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.
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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.

aNine studies included in this comparison
bFurberg 1994
c Zheng 2022
dLovastatin, pravastatin, rosuvastatin, and atorvastatin
eDowngraded two levels due to imprecision: few events, one study, and 95% CI consistent with possible benefit and possible harm
fLovastatin and pravastatin
gFluvastatin, rosuvastatin, lovastatin, pravastatin, and probucol
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See Table 1 for a glossary of terms.

Description of the condition

Strokes, characterised by brain tissue injury due to stenosis or
arterial occlusion, can cause death or permanent neurological
disability, and approximately 90% of strokes are ischaemic. This
largely occurs as a result of carotid stenosis, hypertension, or
cardiac arrhythmia (Brott 2013; Flumignan 2017; MozaJarian
2016). Carotid artery stenosis (narrowing of the carotid arteries)
is an important cause of cerebrovascular disease and transient
ischaemic attack (TIA), underlying almost 15% of strokes (Easton
2009). The cumulative risk of stroke related to severe carotid
stenosis is nearly 12% in the first year (approximately 15% to
18% in one year and 26% over two years (Barnett 1991)), and
approximately 30% over five years (Barnett 1991; Moore 1995).
Significant stenosis (of more than 50% of vessel diameter) is
usually responsible for 8% of all strokes, and increases the risk
of recurrence aRer the first episode to 16% over five years (Hillen
2003), mostly due to cerebral embolisms caused by biological
changes to the atherosclerotic plaque (Flaherty 2013).

Ischaemic stroke is the second most common cause of death and a
major global public health problem (Naylor 2023; Feigin 2021). Each
year, more than 7.6 million new strokes are recorded and about 3.3
million people die from ischaemic stroke (Feigin 2021).

Furthermore, stroke is a significant cause of permanent
neurological disability in Europe: out of approximately 1.2 million
stroke survivors in the UK (De Waard 2017), 60% are discharged with
some impairment (CDC 2001; NICE 2019; Strong 2007).

The direct costs of stroke alone amounted to approximately USD 28
billion (USD 28,000 million) between the years 2014 and 2015 in the
USA, and this cost is expected to more than double in the next 20
years (Benjamin 2019; Feigin 2016; Gorelick 1999). By 2020, it was
expected that there would be 80 million strokes worldwide, with
12 million deaths (an increase of 50% compared with 2012), and
200 million disability-adjusted life years lost worldwide (Benjamin
2019; Feigin 2021).

Extracranial carotid stenosis may be asymptomatic or
symptomatic. The embolisation of atherosclerotic debris or
thrombotic material from plaques of arterial stenoses are most
frequently associated with cerebrovascular symptoms such as
stroke, TIA in the ipsilateral encephalic territories, and amaurosis
fugax. People with asymptomatic carotid stenosis (ACS) are at
risk not only of stroke and related symptoms, but also of other
cardiovascular episodes, such as myocardial infarction (heart
attack) and peripheral artery disease (Divya 2015; Flumignan 2017).

Asymptomatic carotid stenosis is a common condition in clinical
practice, aJecting about 3% to 7% of the general population. It

is more prevalent in older people (over 60 years of age), and
can evolve into a stroke in 0.3% to 2% of patients each year (De
Weerd 2010; Park 2019). An atherosclerotic lesion, a diJuse and
degenerative disease of the arteries, usually provokes ACS, which
narrows the vessel wall. A sudden rupture of atheromatous plaques
from significant asymptomatic stenosis of the carotid artery can
lead to thromboembolism, which causes 10% to 15% of all strokes
(Bulbulia 2017). Thus, for people with extracranial carotid disease,
it is important to identify risk factors, the degree of stenosis of the
artery, and the characteristics of the plaque, such as ulcerations,
intra-plaque haemorrhage, and lipid content, that may increase
the likelihood of a cerebrovascular event (De Waard 2017; Derdeyn
2007; Naylor 2023; Ricotta 2011).

The modifiable risk factors associated with ACS — such
as hypertension, smoking, dyslipidaemia, diabetes, obesity, a
sedentary lifestyle, alcoholism, inadequate diet quality, and
psychosocial factors — can vary in importance according to
region, ethnic group, gender, age, and family history. However,
together these factors consistently contribute towards increasing
the risk of cerebrovascular disease, making them targets for general
approaches to preventing cerebrovascular events worldwide
(Arnett 2019; Guzik 2017; O'Donnel 2016).

In order to diagnose and classify ACS, there are some
complementary imaging tests: duplex ultrasound (DUS) and
angiography by magnetic resonance imaging (MRI), computed
tomography angiography (CTA), or digital subtraction angiography
(DSA) (Naylor 2023). DSA was discontinued in practice at the
end of the 20th century as a diagnostic method, especially in
asymptomatic patients, as it is associated with a 1.2% risk of
neurological events (Walker 1995; Wardlaw 2006). On the other
hand, DUS is aJordable and non-invasive. It also does not bring
the additional risks associated with DSA, magnetic resonance
angiography (MRA), and CTA, such as the use of iodinated or
paramagnetic contrast, X-ray exposure, and embolisation risks
(Cassola 2022). Thus, DUS is widely used as the first diagnostic
method for detecting carotid stenosis in both symptomatic patients
and those with risk factors for asymptomatic stenosis (Daolio 2019;
Ricotta 2011).

The European Carotid Surgery Trial (ECST 1998) and the North
American Symptomatic Carotid Endarterectomy Trial (NASCET;
Barnett 1991) applied diJerent techniques to measure the
percentage of stenosis in DSA (Figure 1), and identified those
patients who would benefit from revascularisation. Whilst the
ECST used residual lumen diameter as a denominator, the NASCET
used disease-free diameter in a segment of the carotid artery
above the stenosis. Using NASCET measurement standards, other
studies (namely, the Asymptomatic Carotid Atherosclerosis Study
(ACAS; Walker 1995) and the Asymptomatic Carotid Surgery Trial 1
(ACST-1)) have shown that surgical intervention would also benefit
some asymptomatic patients with carotid stenosis greater than
60% of diameter on DSA (Halliday 2004; Naylor 2023; Ricotta 2011).
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Figure 1.   Longitudinal view of carotid bifurcation with methods of measuring carotid stenosis at angiography A:
narrowest ICA diameter
B: normal distal cervical ICA diameter
C: estimated original diameter at the site of the most stenosis CCA: common carotid artery
ECA: external carotid artery
ECST: European Carotid Surgery Trial
ICA: internal carotid artery
NASCET: North American Symptomatic Carotid Endarterectomy Trial

 

Description of the intervention

It is important to ensure that people with ACS receive the best
therapeutic option to avoid cerebral ischaemias. These options
include: the control of hypertension; the use of lipid-lowering drugs
to reduce cholesterol levels in order to regress plaque(s), decrease
the risk of plaque accident, and for anti-inflammatory purposes;
the use of hypoglycaemic drugs; and the use of antiplatelet and
anticoagulant agents.

Antihypertensive therapy

High blood pressure is one of the most powerful risk factors, and its
decrease seems to be directly related to a lower incidence of stroke.
A reduction of 5 mmHg to 10 mmHg blood pressure is associated
with a 30% to 40% reduced risk of stroke compared with placebo
(Lawes 2004). Despite a lack of randomised controlled trials (RCTs)
assessing the eJects of antihypertensives in people with ACS, the
European Society for Vascular Surgery (ESVS) recommends a target
blood pressure for people with ACS below 140/90 mmHg (Naylor
2023; Ricotta 2011). More radically, in two guidelines, the American
Heart Association (AHA) lowered these ideal blood pressure levels
to close to 130/80 mmHg, with diastolic blood pressure less than 85
mmHg for people with diabetes (Arnett 2019; Brott 2013).

Maintaining blood pressure may reduce stenosis and prevent lesion
progression. Calcium channel blockers and angiotensin-converting

enzyme inhibitors are associated with plaque reduction to a greater
extent than diuretics and beta-blockers (Arnett 2019; Naylor 2023;
Ricotta 2011).

Lipid-lowering drugs

At the start of the 21st century, there was an increase in
statin use as studies showed a decrease in cardiovascular events
in symptomatic patients by more than one-third when low-
density lipoprotein (LDL) cholesterol levels were below 70 mg/dL
(Amarenco 2006; Ricotta 2011; Taylor 2002). Systematic reviews
observed a significant reduction in cardiovascular mortality
(including stroke) when statins, mainly atorvastatin 80 mg daily,
were used in primary prevention; for instance, in people with
ACS (Brott 2013; Naylor 2023; Taylor 2013). However, ezetimibe
or proprotein convertase subtilisin/kexin type (9PCSK9) inhibitors
may be an alternative treatment for high-risk patients who cannot
tolerate statins (Wilson 2019; Zhan 2018).

Management of diabetes

Diabetes mellitus is an independent predictor of moderate and
severe carotid stenosis, and can contribute to doubling the chances
of stroke (Holman 2014). Medications used for glycaemic control
include oral hypoglycaemic agents (metformin or sulphonylureas,
or both), insulin therapy, or the new glucose-lowering medications,
such as the analogue of human glucagon-like peptide 1, dipeptidyl
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peptidase 4 inhibitors, sodium-glucose cotransporter 2 inhibitors,
and thiazolidine (Holman 2014). Strong control of glycaemic levels
is not directly related to a decreased risk of stroke, but glycosylated
haemoglobin levels lower than 7% may contribute to a reduction
in other related events, such as microangiopathy (Zhang 2013).
Meanwhile, systematic reviews indicated that strict control in

people with a body mass index above 30 kg/m2 was eJective in
reducing the risk of cerebrovascular disease (Naylor 2023; Ricotta
2011).

Antiplatelet drugs

There is weak evidence for the use of antiplatelet drugs in people
with ACS for reducing the risk of stroke, but there is more robust
evidence for their use in secondary prevention (Murphy 2019).
However, the use of aspirin at doses between 75 mg and 325 mg
(or clopidogrel 75 mg when aspirin is intolerable) is recommended
in asymptomatic patients to prevent other cardiovascular events
(Naylor 2023; Ricotta 2011).

Anticoagulant agents

Anticoagulant therapy is known to prevent stroke in people
with atrial fibrillation, but warfarin has not been shown to be
more eJective compared to antiplatelet therapy for secondary
prevention in people without atrial fibrillation (Ricotta 2011).
However, recent studies have indicated that the use of low-dose
rivaroxaban together with aspirin may decrease the risk of stroke in
both symptomatic and asymptomatic patients (Sharma 2019).

How the intervention might work

As carotid atherosclerosis is an important aspect in stroke
pathophysiology, proper management of the diseases that lead to
its increase may correspond to key targets for stroke prevention.
The approaches discussed above work together to control the
risk factors that increase atherosclerosis, avoiding irregular and
ulcerated plaques and microembolic particles, and preventing
carotid artery disease from progressing (Naylor 2023).

The ACAS and ACST-1 studies used an initial pharmacological
therapy which has significantly changed in recent decades.
For instance, only around 10% to 20% of ACAS and ACST-1
participants regularly used lipid-lowering drugs (Walker 1995).
There was a decline in annual stroke rates of approximately 60%
between 1995 and 2004, which strongly correlates with improved
pharmacological treatment associated with the increased use of
aspirin, antihypertensive drugs, and statins, in that decade (Naylor
2023). Control of hypertension can reduce the risk of stroke by
up to 30%, while control of cholesterol can reduce this risk
by 15% (Ricotta 2011). In addition, people with diabetes who,
associated with glycaemic control, were taking statins, antiplatelet,
and antihypertensive drugs, showed a 60% reduction in the risk of
cardiovascular disease and death (Halliday 2004; Ricotta 2011).

Why it is important to do this review

Some RCTs have evaluated the use of pharmacological
interventions, and topical guidelines currently recommend triple
medical therapy (e.g. antiplatelet agents, antihypertensive therapy,
and statins) in addition to lifestyle interventions to reduce the risk
of stroke (Naylor 2023). Routine carotid endarterectomy or stenting
is not reasonable in asymptomatic patients, except in particular
high-risk patients on medical therapy (Naylor 2023). However,

the optimal therapeutic management strategy remains unclear
(Raman 2013). Additionally, recent studies suggest that direct oral
anticoagulants plus antiplatelet agents may be more eJective than
antiplatelet agents alone for decreasing the risk of major vascular
events (Abbott 2007; Sharma 2019).

Stroke continues to be the main cause of permanent disability
and one of the most important causes of death in the world.
Its impact leads to considerable socioeconomic impairment, not
only to the individual and their family, but also to society as a
whole. In this context, pursuing the best pharmacological strategies
may be useful in decreasing ACS-related mortality and permanent
neurological disability (Naylor 2023).

O B J E C T I V E S

To assess the eJects of pharmacological interventions for
the treatment of asymptomatic carotid stenosis in preventing
neurological impairment, ipsilateral major or disabling stroke,
death, major bleeding, and other outcomes.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all RCTs with parallel (e.g. cluster or individual) or
cross-over design. We planned to only use data from the first
phase of cross-over studies to avoid the risk of carry-over eJects,
as described in Section 23.2.4 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2022). We included
studies reported in full texts, as abstracts only, and unpublished
data. We did not include quasi-randomised trials (i.e. studies in
which participants are allocated to intervention groups based on
methods that are not truly random, such as hospital number or date
of birth).

Types of participants

We considered for inclusion participants of any gender and any
age with ACS. Carotid stenosis was defined as a narrowing of
the internal or common carotid artery (or both), diagnosed by
at least one valid objective test (e.g. DUS or angiography by
tomography, magnetic resonance, or digital subtraction). We used
the classification of carotid stenosis with the use of ultrasound,
as defined by Grant 2003, for participant classification (Table
2). We used the Mannheim Consensus to distinguish between
augmented intima-media thickness (IMT) and carotid stenosis, as
described by Touboul 2012, where the latter refers to plaque with
an intima-media thickness greater than 1.3 mm, from the media-
adventitia interface to the intima-lumen interface. We considered
participants as asymptomatic if they were without ipsilateral
neurological symptoms (e.g. amaurosis fugax, TIA, or stroke) in
the previous six months (Naylor 2023). We considered all trials
involving participants with ACS, irrespective of the degree of
stenosis or the method of determining the degree of stenosis.

If we found studies with mixed populations, and only a subset
of the participants met our inclusion criteria, we attempted to
obtain data for the subgroup of interest from the trialists in order
to include the study. For studies with mixed populations where
we could not obtain data on the subgroup of interest, but at
least 50% of the study population was of interest, we included all
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participants in our analysis. We explored the eJect of this decision
in sensitivity analyses. We excluded studies in which less than 50%
of the population were of interest and data on the subgroup of
interest were not available.

Types of interventions

We included trials comparing one pharmacological intervention
(agent or drug) with placebo, no treatment, or another
pharmacological intervention. We included trials of any
combination of interventions, providing co-treatments were
balanced between the treatment and control arms for the ACS
treatment. We considered interventions such as fish oil and diet
as no treatment. We also included studies that compared diJerent
doses of drugs.

We considered the following interventions:

• anticoagulants (unfractionated heparin (UFH) and low
molecular weight heparins (LMWHs); vitamin K antagonists
(VKAs); direct oral anticoagulants (DOACs), factor Xa inhibitors
and direct thrombin inhibitors; pentasaccharides);

• antiplatelet agents (e.g. aspirin, clopidogrel);

• antihypertensive drugs (e.g. angiotensin-converting enzyme
inhibitors, beta-blockers);

• glycaemic-lowering agents (e.g. biguanides, sulphonylureas);
and

• lipid-lowering agents (e.g. statins).

The possible comparisons were:

• anticoagulants plus antiplatelet agents versus antiplatelet
agents;

• one antiplatelet drug versus a combination of antiplatelets from
two drugs;

• one antiplatelet drug versus another antiplatelet drug;

• anticoagulants versus antiplatelet drugs;

• one lipid-lowering drug versus another lipid-lowering drug;

• one antihypertensive drug versus another antihypertensive
drug;

• one glycaemic-lowering drug versus another glycaemic-
lowering drug; and

• any combination of the above treatments versus any
combination, with or without placebo.

Types of outcome measures

Primary outcomes

• Neurological impairment, assessed using clinical outcome
measures or any validated international scales (e.g. the National
Institutes of Health Stroke Scale (NIHSS), the modified Rankin
Scale (mRS), the Barthel Index (BI)). If we identified both
dichotomous and continuous variables related to neurological
impairment, we reported them separately as independent
outcomes.

• Ipsilateral major or disabling stroke, related to the extracranial
carotid stenosis and confirmed by any objective additional
test (e.g. computerised tomography, angiography) other than
clinical examination only.

Secondary outcomes

• Stroke-related mortality

• Major bleeding: defined by a haemoglobin concentration
decrease of 2 g/dL or more, a retroperitoneal or intracranial
bleed, a transfusion of two or more units of blood, or fatal
haemorrhagic events, as defined by the International Society
on Thrombosis and Haemostasis (Schulman 2010). We also
considered the definition stipulated by the included study.

• Progression of carotid stenosis (any increase in extracranial
carotid stenosis), evaluated by change in range of stenoses; that
is, less than 50%, 50% to 69%, 70% or more, near occlusion or
occlusion. We considered the carotid stenosis if it was evaluated
by any valid objective method (e.g. duplex ultrasound (Grant
2003), or angiography by tomography, magnetic resonance, or
digital subtraction (Barnett 1991)).

• Adverse events, such as all-cause mortality, gastrointestinal
events, allergic reaction, renal failure, or minor bleeding.

• Quality of life, analysed by any validated questionnaire (e.g.
SF-36 (Ware 1992)) or participants' subjective perception of
improvement (yes or no) as reported by the study authors.
If we were unable to pool data on quality of life due to the
use of diJerent measurements, we planned to extract data on
improvement.

We presented the outcomes at the following two time points aRer
the start of the intervention, if data were available:

• early outcomes (at six months or less aRer the start of the
intervention); and

• long-term outcomes (more than six months aRer the start of the
intervention).

Search methods for identification of studies

We searched for trials in all languages and arranged for the
translation of relevant articles where necessary.

Electronic searches

We searched the Cochrane Stroke Group trials register and the
following electronic databases:

• Cochrane Central Register of Controlled Trials (CENTRAL; 2022,
issue 8) in the Cochrane Library (searched 9 August 2022);

• MEDLINE Ovid (from 1946 to 9 August 2022);

• Embase Ovid (from 1974 to 9 August 2022);

• Literatura Latino-Americana e do Caribe em Ciências da Saúde
(LILACS) (from 1982 to 9 August 2022), via Virtual Health Library);
and

• Indice Bibliográfico Español de Ciencias de la Salud (IBECS), via
Virtual Health Library (searched 9 August 2022).

We modelled the subject strategies for databases on the search
strategy designed for MEDLINE by the Cochrane Stroke Group's
Information Specialist. We opted to write a highly-sensitive
search strategy and eliminated the pharmacological interventions
component of the search entirely. The reasons for this are as
follows. The problem component 'asymptomatic carotid stenosis'
is already well-defined and, when combined with Cochrane's
verified RCT filter, retrieved a low number of results during test
searches in MEDLINE Ovid. Pharmacological interventions search
blocks can help improve recall when included in search strategies.
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Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

13

https://bvsalud.org/
https://bvsalud.org/


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

However, because the initial test search recall was relatively low, as
suggested above, we elected not to include them in the enclosed
search, but we selected the relevant interventions manually. We
combined all search strategies deployed with subject strategy
adaptations of the highly-sensitive search strategy designed by
Cochrane for identifying RCTs and controlled clinical trials, as
described in the Cochrane Handbook for Systematic Reviews of
Interventions (Lefebvre 2022).

We searched the following ongoing trials registers:

• US National Institutes of Health Ongoing Trials Register,
ClinicalTrials.gov (www.clinicaltrials.gov/; searched 9 August
2022); and

• World Health Organization (WHO) International Clinical Trials
Registry Platform (who.int/ictrp/en/; searched 9 August 2022).

The most recent searches were carried out on 9 August 2022. The
search strategies are reported in Appendix 1.

Searching other resources

In an eJort to identify further published, unpublished, and ongoing
trials, we:

• checked the bibliographies of included studies and any relevant
systematic reviews identified for further references to relevant
trials, and searched Google Scholar to forward-track relevant
references (scholar.google.co.uk/);

• contacted original trial authors for clarification and further data
if trial reports were unclear;

• where necessary, contacted experts/trialists/organisations in
the field to obtain additional information on relevant trials,
using a standard letter template (Appendix 2); and

• conducted a search of various grey literature sources,
dissertation and theses databases, and databases of conference
abstracts, including:
◦ Repositório UNIFESP (thesis repository of Universidade

Federal de São Paulo, Brazil; searched 9 August 2022;
Appendix 1);

◦ British Library EThOS (UK E-Theses Online Service; searched
9 August 2022; Appendix 1);

◦ ProQuest Dissertation and Theses Global (searched 9 August
2022; Appendix 1).

Data collection and analysis

Selection of studies

Two review authors (CNBC, NC) independently screened titles and
abstracts of the references obtained as a result of our searching
activities, and excluded obviously irrelevant reports using the
Covidence tool. We retrieved the full-text articles for the remaining
references and two review authors (CNBC, NC) independently
screened these, to identify studies for inclusion and to record
reasons for exclusion of the ineligible studies. We resolved any
disagreements through discussion or, when required, we consulted
a third review author (RLGF). We collated multiple reports of the
same study so that each study, not each reference, was the unit
of interest in the review. We recorded the selection process and
complete a PRISMA flow diagram (Page 2021).

Data extraction and management

We used a data collection form for study characteristics and
outcome data, which we piloted on at least one study in the
review. Two review authors (CNBC, NC) independently extracted
data from the included studies. We extracted the following study
characteristics.

• Methods: study design, total duration of study, details of any
'run-in' period, number of study centres and location, study
setting and date of study.

• Participants: number randomised, number lost to follow-up/
withdrawn, number analysed, number of interest, mean age,
age range, gender, severity of condition, diagnostic criteria,
smoking history, inclusion criteria, and exclusion criteria.

• Interventions: intervention, comparison, concomitant
medications, and excluded medications.

• Outcomes: primary and secondary outcomes specified and
collected, and time points reported.

• Notes: funding for trial, and notable conflicts of interest of trial
authors.

We resolved disagreements by consensus or by involving a third
review author (RLGF). One review author (CNBC) transferred data
into Review Manager (Review Manager 2020). We double-checked
that data were entered correctly by comparing the data presented
in the systematic review with the data extraction form. A second
review author (NC) spot-checked study characteristics for accuracy
against the trial report.

Assessment of risk of bias in included studies

Two review authors (CNBC, NC) independently assessed risk of bias
for each study using the criteria outlined in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2017). We resolved
any disagreements by discussion or by involving another review
author (RLGF). We assessed the risk of bias according to the
following domains:

• random sequence generation;

• allocation concealment;

• blinding of participants and personnel;

• blinding of outcome assessment;

• incomplete outcome data;

• selective outcome reporting; and

• other bias.

We graded each potential source of bias as high, low, or unclear and
provide a quote from the study report, together with a justification
for our judgement in the risk of bias table. We summarised the risk
of bias judgements across diJerent studies for each of the domains
listed. Where information on risk of bias related to unpublished
data or correspondence with a trialist, we noted this in the risk of
bias table.

When considering treatment eJects, we took into account the risk
of bias for the studies that contributed to that outcome.

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol
(Clezar 2020), and reported any deviations from it in the DiJerences
between protocol and review section of the review.
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Measures of treatment e>ect

We analysed dichotomous data as risk ratios (RRs) with 95%
confidence intervals (CIs).

Unit of analysis issues

Individuals were our unit of analysis. If trials included multiple
intervention arms, we considered only the arms relevant to
the scope of our review. Where a study included multiple
intervention groups, we combined groups to create a single pair-
wise comparison. Where a study included repeated observations,
we followed recommendations in Chapter 23 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2022).

Dealing with missing data

We contacted investigators or study sponsors in order to verify
key study characteristics and obtain missing numerical outcome
data (e.g. when we identified a study as an abstract only). Where
possible, we used the Review Manager calculator to calculate
missing standard deviations using other data from the trial, such as
confidence intervals. Where this was not possible, and we thought
the missing data introduced serious bias, we explored the impact
of including such studies in the overall assessment of results by
a sensitivity analysis. For all outcomes, we followed intention-to-
treat (ITT) principles to the greatest degree possible: that is, we
analysed participants in their randomised group regardless of what
intervention they actually received. We used available-case data for
the denominator if ITT data were not available.

We presented study-level data so that missing and unclear data
were clearly indicated and to make available any unpublished data
acquired from investigators.

Assessment of heterogeneity

We inspected studies for clinical (variation in population,
interventions, and outcomes) and methodological (variation in
study design, outcome measurement, or risk of bias) heterogeneity.

We inspected forest plots visually to consider the direction and
magnitude of eJects and the degree of overlap between confidence

intervals. We used the I2 statistic to measure heterogeneity
amongst the trials in each analysis; we acknowledge that there

is substantial uncertainty in the value of I2 when there are few
studies. If we identified substantial heterogeneity, we reported it
and explored possible causes by prespecified subgroup analysis.

As strict thresholds for interpretation of I2 are not recommended,
we followed the guide to interpretation in the Cochrane Handbook
for Systematic Reviews of Interventions (Deeks 2019):

• 0% to 40% might not be important;

• 30% to 60% may represent moderate heterogeneity;

• 50% to 90% may represent substantial heterogeneity; or

• 75% to 100%: considerable heterogeneity.

When the I2 value lies in an area of overlap between two
categories (e.g. between 50% and 60%), we considered diJerences
in participants and interventions amongst the trials contributing
data to the analysis (Deeks 2019).

Assessment of reporting biases

We did not use funnel plots to investigate reporting biases because
we did not identify 10 or more studies in one comparison.

Data synthesis

We synthesised the data using Review Manager 5.4 (Review
Manager 2020). We undertook meta-analysis only where this
was meaningful; that is, if the treatments, participants, and the
underlying clinical question were similar enough for pooling to be
appropriate.

If we were confident that trials were estimating the same
underlying treatment eJect — that is, the included studies were
homogenous (considering population, interventions, comparators,
and outcome characteristics) — we used a fixed-eJect meta-
analysis. If clinical diJerences were suJicient to expect that
underlying treatment eJects diJered between trials or if
we identified at least substantial heterogeneity, we used a
random-eJects meta-analysis. If there was substantial clinical,
methodological, or statistical heterogeneity across trials that
prevented the pooling of data, we used a narrative approach to data
synthesis (Deeks 2019).

We addressed all outcomes listed in Types of outcome measures
in the EJects of interventions section of the review, presenting the
outcomes in the order in which they are shown in Types of outcome
measures. In addition, we presented one summary of findings table
for each comparison, in which we summarised the main outcomes.
We included the results of individual studies and any statistical
summary of these in Data and analyses tables in the review.

Subgroup analysis and investigation of heterogeneity

We were unable to conduct our preplanned subgroup analyses
(Clezar 2020), due to insuJicient data.

Sensitivity analysis

We were only able to conduct one of our preplanned sensitivity
analyses (Clezar 2020), comparing a fixed-eJect versus random-
eJects model for the 'ipsilateral major or disabling stroke' outcome.

Summary of findings and assessment of the certainty of the
evidence

We created tables for each of our 10 comparisons, and from these,
selected the four most clinically relevant to present as our core
summary of findings tables. We have presented the remaining
comparisons as additional tables.

We present the following outcomes in all tables:

• neurological impairment;

• ipsilateral major or disabling stroke;

• stroke-related mortality;

• major bleeding;

• progression of carotid stenosis;

• adverse events; and

• quality of life.

We used the five GRADE considerations (study limitations,
consistency of eJect, imprecision, indirectness, and publication
bias) to assess the certainty of the body of evidence as it
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related to the studies that contributed data to the meta-analyses
for the prespecified outcomes (GRADE 2004). We used methods
and recommendations described in Chapter 15 of the Cochrane
Handbook for Systematic Reviews of Interventions (Schünemann
2022), and GRADEpro GDT soRware (GRADEpro GDT 2015). We
justified all decisions to downgrade the quality of studies
using footnotes, and we made comments to aid the reader's
understanding of the review where necessary.

Two review authors (CNBC, NC), working independently,
made judgements about the certainty of the evidence, with
disagreements resolved by discussion or involving a third review
author (RLGF). We justified, documented, and incorporated
judgements into the reporting of results for each outcome.

We extracted study data, formatted our comparisons in data tables,
and prepared our summary of findings tables before writing the
results and conclusions of our review.

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

We identified 10,368 records through the database searches and
removed 1959 duplicate records. Two review authors (CNBC and
NC) screened 8409 records and eliminated 8344 irrelevant records.
We screened the remaining records against our inclusion criteria
and analysed the full texts of 65 studies. We included 34 studies
in qualitative analysis; 22 of these studies contributed to the
quantitative analysis. Three included studies were multi-armed
(Furberg 1994; Hedblad 2001; Sawayama 2002). We excluded 30
studies (see Excluded studies). We identified one ongoing trial
(Aranzulla 2021). See Figure 2 for the study flow diagram (Liberati
2009).
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Figure 2.   Study flow diagram
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Figure 2.   (Continued)
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Included studies

We included 34 studies that met our prespecified inclusion criteria
(Anderssen 2005; Applegate 1991; Blanco-Colio 2004; ELSA 2002;
Bots 2007; Corti 2005; Côté 1995; Crouse 2007; Furberg 1994;
Hedblad 2001; Hu 2009; Ikeda 2013; Kadoglou 2010; VHAS 1998;
Meaney 2009; Mercuri 1996; Nohara 2012; Norris 1990; Reid 2005;
Salonen 1995; Sawayama 2002; Semplicini 2000; Shinoda-Tagawa
2002; Stumpe 2007; Sutton-Tyrrell 1994; Tang 2009; Terpstra 2004;
Underhill 2008; Yamada 2009; Yamamoto 2011; Zanchetti 2004;
Zeng 2004; Zheng 2022). All 34 included studies were individually
randomised, parallel RCTS. We identified no eligible cluster-RCTs or
cross-over studies.

Three of the included studies were multi-armed (Furberg 1994;
Hedblad 2001; Sawayama 2002). Participants in Furberg 1994 and
Hedblad 2001 were randomly assigned to four groups; participants
in Sawayama 2002 were randomly assigned to three groups.

Of these included studies, 14 were conducted in Europe
(Italy, Finland, England, Ireland, Poland, the Netherlands, Czech
Republic, Germany, Austria, Greece, Spain, Norway, Sweden, and
France), 10 in Asia (four in China and six in Japan), seven in North
America (five in the USA, one in Canada, and one in Mexico), and
three were conducted in diJerent continents at the same time (two
in North America and Europe - including Belgium - and one in North
America, Europe, and Oceania - Australia).

Only one study was performed in the last decade (Zheng 2022).
Twenty-one studies were conducted in the 2000s, 10 were
conducted in the 1990s (ELSA 2002; Côté 1995; Furberg 1994; VHAS
1998; Mercuri 1996; Mercuri 1996; Salonen 1995; Sawayama 2002;
Sutton-Tyrrell 1994; Zanchetti 2004), and two were performed in
the 1980s (Applegate 1991; Norris 1990)

The length of follow-up for these participants ranged from 30 days
to six years, with more than half of the studies lasting between
two and three years. The run-in phase was only mentioned in 17
of the included studies, lasting between two and eight weeks, with
placebo washouts generally being performed.

Twenty-one studies mentioned their sponsor. Of these, 15 were
sponsored exclusively by pharmaceutical companies, five studies
received government funds, and seven obtained sponsorship from
both. Two studies were self-sponsored. The funding resources were
not mentioned in five studies. Only 13 studies mentioned conflicts
of interest of the authors.

Amongst the included studies, only 22 had the outcomes
prespecified in our protocol (Anderssen 2005; Applegate 1991; Bots
2007; Côté 1995; Crouse 2007; ELSA 2002; Furberg 1994; Hedblad
2001; Ikeda 2013; Mercuri 1996; Nohara 2012; Salonen 1995;
Sawayama 2002; Stumpe 2007; Sutton-Tyrrell 1994; Tang 2009;
Terpstra 2004; Yamada 2009; Zanchetti 2004; Zeng 2004; Zheng
2022; Zhu 2006). In the remaining 12 studies, despite meeting the
inclusion criteria proposed in our protocol, none assessed any of

our prespecified outcomes of interest (Blanco-Colio 2004; Corti
2005; Hu 2009; Kadoglou 2010; VHAS 1998; Meaney 2009; Norris
1990; Reid 2005; Semplicini 2000; Shinoda-Tagawa 2002; Underhill
2008; Yamamoto 2011).

Full descriptions of the included studies are presented in the
Characteristics of included studies table.

Population

The included studies involved a total of 11,571 outpatient
participants with asymptomatic carotid stenosis. The 22 studies
available for quantitative analysis had a total of 6887 participants.
Two studies did not provide any demographic details of their
participants (Norris 1990; Zeng 2004). The age of participants
ranged from 18 to 100 years old (mean age of 61 years old), and
the proportion of men was about 61% of included participants. We
could not find smoking data in 11 of the 34 included studies. In
the remaining 23 studies, nearly 23% of participants were smokers
during the course of the trial.

Sample size

The studies' sample size ranged from 14 to 2035. Twelve
studies had fewer than 100 participants (Blanco-Colio 2004; Corti
2005; Hu 2009; Kadoglou 2010; Meaney 2009; Norris 1990; Reid
2005; Semplicini 2000; Tang 2009; Underhill 2008; Yamada 2009;
Yamamoto 2011), and nine had at least 500 participants (Anderssen
2005; Applegate 1991; ELSA 2002; Bots 2007; Crouse 2007; Furberg
1994; Hedblad 2001; Zanchetti 2004; Zheng 2022).

Interventions and comparators

All but one type of intervention (glycaemic-lowering agents) that
we set out to investigate could be found in the included studies.
Twenty-two studies explored lipid-lowering agents (Anderssen
2005; Blanco-Colio 2004; Bots 2007; Corti 2005; Crouse 2007;
Furberg 1994; Hu 2009; Ikeda 2013; Kadoglou 2010; Meaney
2009; Mercuri 1996; Nohara 2012; Reid 2005; Salonen 1995;
Sawayama 2002; Tang 2009; Underhill 2008; Yamada 2009;
Zanchetti 2004; Zeng 2004; Zheng 2022; Zhu 2006). Fourteen studies
addressed other interventions, such as anticoagulants (Furberg
1994; Shinoda-Tagawa 2002), antiplatelet agents (Côté 1995), and
antihypertensive drugs (Applegate 1991; ELSA 2002; Hedblad 2001;
VHAS 1998; Norris 1990; Semplicini 2000; Sutton-Tyrrell 1994;
Stumpe 2007; Terpstra 2004; Yamamoto 2011; Zanchetti 2004).

FiReen included studies compared an intervention with placebo.
Other studies used varied comparators, including: diJerent doses
of the same lipid-lowering agent; one class of lipid-lowering
agent versus another class of lipid-lowering agent; one class of
antihypertensive agent versus another class of antihypertensive
agent; anticoagulant agent versus antiplatelet agent, or no
treatment.

We performed quantitative analysis in 10 comparisons for which we
could extract numerical data (Summary of findings 1; Summary of
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findings 2; Summary of findings 3; Summary of findings 4; Table 3;
Table 4; Table 5; Table 6; Table 7; Table 8). Additionally, we could
conduct meta-analysis for: three outcomes when comparing lipid-
lowering agents to placebo (Analysis 5.1; Analysis 5.2; Analysis 5.3);
one outcome when comparing one class of lipid-lowering agent
to another class of lipid-lowering agent (Analysis 7.2); and two
outcomes when comparing one class of antihypertensive agent to
another class of antihypertensive agent (Analysis 9.1; Analysis 9.2).

Outcomes

Although we included 34 studies, as noted above, only 22 had the
outcomes of interest prespecified in our protocol (Clezar 2020).

Of the primary outcomes, we found data on ipsilateral major
or disabling stroke in 14 studies (Applegate 1991; ELSA 2002;
Bots 2007; Côté 1995; Furberg 1994; Hedblad 2001; Nohara 2012;
Salonen 1995; Tang 2009; Yamada 2009; Zanchetti 2004; Zeng 2004;
Zheng 2022; Zhu 2006), but we could not extract information on
neurological impairment from any of the included studies.

Of the secondary outcomes, we found data for stroke-related
mortality in four studies (Côté 1995; Furberg 1994; Hedblad 2001;
Salonen 1995), major bleeding in two studies (Côté 1995; Furberg
1994), progression of carotid stenosis in two studies (Côté 1995;
Sutton-Tyrrell 1994), and adverse events in 16 studies (Anderssen
2005; Applegate 1991; ELSA 2002; Bots 2007; Côté 1995; Crouse
2007; Furberg 1994; Ikeda 2013; Mercuri 1996; Nohara 2012;
Sawayama 2002; Stumpe 2007; Terpstra 2004; Salonen 1995; Zheng
2022; Zhu 2006). We did not find information in the included studies
about quality of life in people with asymptomatic carotid stenosis
undergoing pharmacological treatment.

Excluded studies

We excluded 30 studies in total (Anand 2018; Bondjers 2000;
Davidson 2012; Duman 2007; Esposito 2004; Fayad 2011; Hosomi
2001; Huang 2006; Ichihara 2006; Igase 2012; Ito 2004; Koeijvoets
2005; Laurora 1998; Ludwig 2002; Mazzone 2006; Meuwese 2009;
Mizuguchi 2008; Mok 2010; Mortsell 2007; Oyama 2008; Persson
1996; Pontremoli 2001; Saremi 2013; Stanton 2001; Stumpe
1994; Tasić 2006; Vukusich 2010; Yamasaki 2010; Yilmaz 2004;
Yokoyama 2005). In every case, the general reason for exclusion
was an ineligible study population. In 24 of the excluded studies,
participants had an intima-media thickness (IMT) test value of
less than 1.3 mm, meaning they did not have carotid stenosis
according to our definition. Three of the excluded studies included
participants with an IMT test value of greater than 1.3 mm (Ito
2004; Oyama 2008; Vukusich 2010). However, these studies did not
subgroup participants by IMT test value, and we were unable to
extract data specific to our population of interest. We excluded one
study, Anand 2018, because less than 50% of the population was
of interest and data on the subgroup of interest were unavailable.
We excluded one study, Fayad 2011, because it did not evaluate
plaque but rather the decrease in blood flow by volume per time
(mL/minute). We excluded the final study, Stumpe 1994, because
its exclusion criteria eJectively meant that it excluded people with
carotid stenosis.

Risk of bias in included studies

We provide information on risk of bias in the included studies in
the Characteristics of included studies table, and summarise this
information in Figure 3 and Figure 4.

 

Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 4.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Anderssen 2005 ? ? − + + + +

Applegate 1991 + + + + + + +

Blanco-Colio 2004 ? ? + ? + + +

Bots 2007 + + + + + + +

Corti 2005 ? ? ? + + + +

Côté 1995 + + + + + + +

Crouse 2007 + + + + + + +

ELSA 2002 + + + + + + +

Furberg 1994 + + + + + + +

Hedblad 2001 + + + + + + +

Hu 2009 ? ? ? + ? + +

Ikeda 2013 + + − + + + +

Kadoglou 2010 ? ? − + + + +

Meaney 2009 ? + − + + + +

Mercuri 1996 + + + + + + +

Nohara 2012 + + − + + + +

Norris 1990 ? ? + + ? ? +
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Figure 4.   (Continued)

Norris 1990 ? ? + + ? ? +

Reid 2005 ? ? + + ? + +

Salonen 1995 + + + + + + +

Sawayama 2002 + ? ? + + + +

Semplicini 2000 ? ? + + ? + +

Shinoda-Tagawa 2002 + + ? + ? ? +

Stumpe 2007 + + + + + + +

Sutton-Tyrrell 1994 + + + + + − +

Tang 2009 ? ? + + + + +

Terpstra 2004 + + + + + + +

Underhill 2008 ? ? + + + + +

VHAS 1998 ? ? − − + + +

Yamada 2009 + ? − + + + +

Yamamoto 2011 ? ? − + + + +

Zanchetti 2004 + ? + + + + +

Zeng 2004 + ? ? ? ? ? ?

Zheng 2022 + + + + + + +

Zhu 2006 ? ? − + ? + +

 
Random sequence generation (selection bias)

The randomisation of participants was adequate in 20 studies,
and we assessed these as having a low risk of bias (Applegate
1991; ELSA 2002; Bots 2007; Côté 1995; Crouse 2007; Furberg
1994; Hedblad 2001; Ikeda 2013; Mercuri 1996; Nohara 2012;
Salonen 1995; Sawayama 2002; Shinoda-Tagawa 2002; Stumpe
2007; Sutton-Tyrrell 1994; Terpstra 2004; Zheng 2022; Yamada 2009;
Zanchetti 2004; Zeng 2004). However, the remaining 14 studies did
not report the precise methodology of sequence generation, and
we assessed these as having an unclear risk of bias in this domain.

Allocation

We assessed 17 of the included RCTs as having a low risk of bias with
adequate allocation and concealment (Applegate 1991; ELSA 2002;
Bots 2007; Côté 1995; Crouse 2007; Furberg 1994; Hedblad 2001;
Ikeda 2013; Meaney 2009; Mercuri 1996; Nohara 2012; Salonen 1995;
Shinoda-Tagawa 2002; Stumpe 2007; Sutton-Tyrrell 1994; Terpstra
2004; Zheng 2022).

The remaining 17 studies provided insuJicient details for
determining adequacy of the allocation process or its concealment;
thus, we assessed them as having an unclear risk of bias (Anderssen
2005; Blanco-Colio 2004; Corti 2005; Hu 2009; Kadoglou 2010;
VHAS 1998; Norris 1990; Reid 2005; Sawayama 2002; Semplicini
2000; Tang 2009; Underhill 2008; Yamada 2009; Yamamoto 2011;
Zanchetti 2004; Zeng 2004; Zhu 2006).

Blinding

Participant blinding (performance bias)

In 20 studies, both the participants and personnel were double-
blinded, so we assessed these studies as having a low risk of bias
(Applegate 1991; ELSA 2002; Blanco-Colio 2004; Bots 2007; Côté
1995; Crouse 2007; Furberg 1994; Hedblad 2001; Mercuri 1996;
Norris 1990; Reid 2005; Salonen 1995; Semplicini 2000; Stumpe
2007; Sutton-Tyrrell 1994; Tang 2009;Terpstra 2004; Underhill 2008;
Zheng 2022; Zanchetti 2004). Only one study was single-blinded
(Anderssen 2005), and we assessed it as having a high risk of bias.
A further eight studies were open-label and, consequently, we also
judged these to have a high risk of bias in this domain (Ikeda 2013;
Kadoglou 2010; VHAS 1998; Meaney 2009; Nohara 2012; Yamada
2009; Yamamoto 2011; Zhu 2006).

We assessed five studies as having an unclear risk of performance
bias because these studies did not report on blinding of
participants and personnel (Corti 2005; Hu 2009; Sawayama 2002;
Shinoda-Tagawa 2002; Zeng 2004).

Investigator blinding (detection bias)

Thirty-one of the 34 studies described blinded outcome
assessment; we judged these studies to be at low risk of bias. Two
studies did not report a blinded assessor (Blanco-Colio 2004; Zeng
2004); we judged these to be at an unclear risk of bias. ARer six
months of double-blinding, participants in the VHAS 1998 study
continued with treatment under an open-label trial design; we thus
assessed it as having a high risk of bias.
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Incomplete outcome data

For 27 of the included RCTs, there were no serious issues relating to
attrition at the end of the intervention, and we assessed these as
having a low risk of bias arising from incomplete outcome data. We
assessed the remaining seven studies to be at an unclear risk of bias
due to incomplete outcome data as they did not report follow-up
participant data (Hu 2009; Norris 1990; Reid 2005; Semplicini 2000;
Shinoda-Tagawa 2002; Zeng 2004; Zhu 2006).

Selective reporting

For 30 of the 34 studies, there were no serious issues relating to
reporting biases, and we judged these to be at low risk of bias.
Three other studies did not report details about outcomes, and
we assessed these as having an unclear risk of bias (Norris 1990;
Shinoda-Tagawa 2002; Zeng 2004). We assessed the one remaining
study, Sutton-Tyrrell 1994, to be at a high risk of bias. A weakness
of this study (also known as the SHEP trial) was that the duplex
scans were not obtained earlier in the study, before treatment.
Unfortunately, the SHEP trial ended before all participants had
completed their follow-up scans.

Other potential sources of bias

We judged 33 studies to be at low risk of other potential sources
of bias. However, we assessed the Zeng 2004 study as having an
unclear risk of bias, as the study method was not reported.

E>ects of interventions

See: Summary of findings 1 Antiplatelet agent versus placebo
for asymptomatic carotid stenosis; Summary of findings 2
Antihypertensive agent versus placebo for asymptomatic carotid
stenosis; Summary of findings 3 Anticoagulant agent versus
placebo for asymptomatic carotid stenosis; Summary of findings
4 Lipid-lowering agent compared to placebo or no treatment for
asymptomatic carotid stenosis

From the 34 studies identified for this review, we included 22 in
the quantitative analysis. In addition, we performed a sensitivity
analysis comparing a fixed-eJect versus random-eJects model
for the outcome of 'ipsilateral major or disabling stroke' for the
following comparisons only: 'lipid-lowering agent versus placebo
or no treatment' and 'one antihypertensive agent compared to
another antihypertensive agent'.

1. Antiplatelet agent versus placebo

We identified one study for this comparison: Côté 1995, a Canadian
trial from the early 1990s, compared the antiplatelet, acetylsalicylic
acid (enteric-coated aspirin), 325 mg per day, to placebo in
372 participants. It reported outcomes at six-month intervals
throughout the six-year period. We assessed the overall risk of
bias for Côté 1995 as low. This study did not measure two of
our prespecified outcomes: the primary outcome of neurological
impairment, and the secondary outcome of quality of life. See
Summary of findings 1.

Primary outcomes

Ipsilateral major or disabling stroke

Acetylsalicylic acid may result in no diJerence in ipsilateral major
or disabling stroke when compared to placebo (risk ratio (RR) 1.08,

95% confidence interval (CI) 0.47 to 2.47; P = 0.86; 372 participants;
low-certainty evidence; Analysis 1.1).

Secondary outcomes

Stroke-related mortality

Acetylsalicylic acid may result in no diJerence in stroke-related
mortality when compared to placebo (RR 1.40, 95% CI 0.54 to 3.59;
P = 0.49; 372 participants; low-certainty evidence; Analysis 1.2).

Major bleeding

The eJect of acetylsalicylic acid on major bleeding when compared
to placebo is very uncertain (RR 0.98, 95% CI 0.06 to 15.53; P = 0.99;
372 participants; very low-certainty evidence; Analysis 1.3).

Progression of carotid stenosis

Acetylsalicylic acid may result in no diJerence in progression of
carotid stenosis when compared to placebo (RR 1.16, 95% CI 0.79
to 1.71; P = 0.44; 372 participants; low-certainty evidence; Analysis
1.4).

Adverse events

Acetylsalicylic acid may result in no diJerence in adverse events
when compared to placebo (RR 0.81, 95% CI 0.41 to 1.59, P = 0.53;
372 participants; low-certainty evidence; Analysis 1.5).

2. Antihypertensive agent versus placebo

We included two studies in this comparison (Hedblad 2001;
Sutton-Tyrrell 1994), both conducted in the 1990s. Sutton-Tyrrell
1994 (129 participants) compared chlorthalidone 12.5 mg daily
to placebo, and obtained two serial duplex scans of the carotid
arteries separated by two years. We assessed the overall risk
of bias for Sutton-Tyrrell 1994 as low. The Hedblad 2001 study
randomised participants to placebo or 25 mg of metoprolol CR/
XL (metoprolol succinate extended-release tablets) once daily and
measured changes in mean intima-media thickness (IMT) in the
common carotid artery. Also, Hedblad 2001 monitored adverse
events, laboratory findings, mortality, and incidence of myocardial
infarction and stroke for three years. We assessed the overall
risk of bias for Hedblad 2001 as low. Neither included study
measured four of our prespecified outcomes: the primary outcome
of neurological impairment, and the secondary outcomes of major
bleeding, adverse events, and quality of life. We were unable to
perform a meta-analysis or sensitivity analysis on this comparison
because the studies reported diJerent outcomes. See Summary of
findings 2.

Primary outcomes

Ipsilateral major or disabling stroke

One study, Hedblad 2001, found that metoprolol may result in no
diJerence in ipsilateral major or disabling stroke when compared
to placebo (RR 0.14, 95% CI 0.02 to 1.16; P = 0.07; 793 participants;
low-certainty evidence; Analysis 2.1).

Secondary outcomes

Stroke-related mortality

One study, Hedblad 2001, found that metoprolol may result in no
diJerence in stroke-related mortality when compared to placebo
(RR 0.57, 95% CI 0.17 to 1.94; P = 0.37; 793 participants; low-
certainty evidence; Analysis 2.2).
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Progression of carotid stenosis

One study, Sutton-Tyrrell 1994, found that chlorthalidone may
prevent progression of carotid stenosis when compared to placebo
(RR 0.45, 95% CI 0.23 to 0.91; P = 0.02; 129 participants; low-
certainty evidence; Analysis 2.3).

3. One antihypertensive agent plus lipid-lowering agent versus
another antihypertensive agent plus lipid-lowering agent

We found one study for this comparison: Zanchetti 2004, with 254
participants in Italy, compared hydrochlorothiazide 25 mg per day
versus fosinopril 20 mg per day, plus pravastatin 40 mg per day,
concomitantly with open-label nifedipine GITS (gastrointestinal
therapeutic system), 30 to 60 mg daily. A complete carotid
ultrasound examination was performed every six months for
three years to assess changes in mean maximum IMT. The study
evaluated changes in the clinic and ambulatory blood pressure
and changes in serum total, low-density lipoprotein (LDL) and
high-density lipoprotein (HDL) cholesterol, and other laboratory
variables. We assessed the overall risk of bias for Zanchetti 2004 as
low. This study did not measure six of our prespecified outcomes
(namely, the primary outcome of neurological impairment, and the
five secondary outcomes). See Table 3.

Primary outcomes

Ipsilateral major or disabling stroke

One antihypertensive agent plus lipid-lowering agent
(hydrochlorothiazide plus pravastatin) may result in little to no
diJerence in ipsilateral major or disabling stroke when compared
to another antihypertensive agent plus lipid-lowering agent
(fosinopril plus pravastatin) (RR 0.34, 95% CI 0.01 to 8.23; P = 0.51;
254 participants; low-certainty evidence; Analysis 3.1).

4. Anticoagulant agent versus placebo

We included one study for this comparison. Furberg 1994 compared
warfarin, administered at a fixed 1 mg daily, to placebo in 919
participants from the USA in the 1990s with a mean follow-
up of three years. Regular clinic visits were scheduled every
six weeks for the first 15 months and quarterly thereaRer
to permit safety monitoring. The study reported all outcomes
at six-month intervals throughout the six-year period. Trialists
conducted B-mode ultrasonography semi-annually and alanine
aminotransferase (ALT) and urine tests at every visit. Drug
adherence was assessed by pill count and participant report of
usage. The annual visits involved a brief physical examination
and dietary assessment. We assessed the overall risk of bias for
Furberg 1994 as low. This study did not measure five of our

prespecified outcomes: neither of the primary outcomes, and the
secondary outcomes of stroke-related mortality, progression of
carotid stenosis, and quality of life. See Summary of findings 3.

Secondary outcomes

Major bleeding

The eJect of warfarin on major bleeding when compared to placebo
is uncertain (RR 1.19, 95% CI 0.97 to 1.46; P = 0.10; 919 participants;
very low-certainty evidence; Analysis 4.1).

Adverse events

Warfarin may reduce adverse events when compared to placebo
(RR 0.89, 95% CI 0.81 to 0.99; P = 0.04; 919 participants; low-
certainty evidence; Analysis 4.2).

5. Lipid-lowering agent versus placebo or no treatment

We identified nine studies for this comparison (Anderssen 2005;
Crouse 2007; Furberg 1994; Mercuri 1996; Salonen 1995; Sawayama
2002; Yamada 2009; Zeng 2004; Zheng 2022). Six diJerent lipid-
lowering agents were investigated by these studies: fluvastatin,
rosuvastatin, lovastatin, atorvastatin, probucol, and pravastatin.
They provided data for short- and long-term outcomes (ranging
from six months to six years aRer the beginning of the intervention)
for 3916 participants from Japan, China, USA, and Europe (Norway,
Italy, and Finland) in the 1990s, 2000s, and 2010s. The studies
ranged in duration from two to six years. They assessed a wide
range of physiological, biochemical, and clinical outcomes. We
assessed seven studies as having a low overall risk of bias, one as
having an unclear risk of bias (Zeng 2004), and the remaining study
as having an overall high risk of bias (Yamada 2009). None of these
included studies measured our prespecified primary outcome of
neurological impairment, and three of our secondary outcomes
(major bleeding, progression of carotid stenosis, and quality of
life). See the Characteristics of included studies table for details of
individual studies and Summary of findings 4.

Primary outcomes

Ipsilateral major or disabling stroke

Five studies assessed this outcome (Furberg 1994; Salonen 1995;
Yamada 2009; Zeng 2004; Zheng 2022). Lipid-lowering agents
(lovastatin, pravastatin, atorvastatin, rosuvastatin) may result in no
diJerence in ipsilateral major or disabling stroke when compared to

placebo or no treatment (RR 0.36, 95% CI 0.09 to 1.53; P = 0.13, I2 =
44%; 5 studies, 2235 participants; low-certainty evidence; Analysis
5.1). A sensitivity analysis using a fixed-eJect model changed the
eJect estimate substantially (RR 0.39, 95% CI 0.18 to 0.87; Figure 5).
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Figure 5.   Sensitivity analysis (Ipsilateral major or disabling stroke): fixed e>ect.

 
Secondary outcomes

Stroke-related mortality

Two studies assessed this outcome (Furberg 1994; Salonen 1995).
Lipid-lowering agents (lovastatin and pravastatin) may result in no
diJerence in stroke-related mortality when compared to placebo or
no treatment (RR 0.25, 95% CI 0.03 to 2.29; P = 0.82; 2 studies, 1366
participants; low-certainty evidence; Analysis 5.2).

Adverse events

Seven studies assess this outcome (Anderssen 2005; Crouse 2007;
Furberg 1994; Mercuri 1996; Salonen 1995; Sawayama 2002; Zheng
2022). Lipid-lowering agents (probucol, pravastatin, lovastatin,
fluvastatin, rosuvastatin) may result in no diJerence in adverse
events when compared to placebo or no treatment (RR 0.76, 95%

CI 0.53 to 1.10; P = 0.04, I2 = 54%; 7 studies, 3726 participants; low-
certainty evidence; Analysis 5.3).

6. Lipid-lowering agent plus antihypertensive agent versus
antihypertensive agent

We included one study in this comparison. Zhu 2006 compared
160 mg of micronised fenofibrate daily plus antihypertensive drug
therapy (benazepril 10 to 20 mg/day and/or amlodipine 5 to 10
mg/day) to only antihypertensive drug therapy (benazepril 10 to
20 mg/day and/or amlodipine 5 to 10 mg/day). The study reported
all outcomes at the end of the observation period (two years).
This study did not measure five of our prespecified outcomes: the
primary outcome of neurological impairment, and the secondary
outcomes of stroke-related mortality, major bleeding, progression
of carotid stenosis, and quality of life. We assessed the overall risk
of bias as high. See Table 4.

Primary outcomes

Ipsilateral major or disabling stroke

It is uncertain whether fenofibrate plus benazepril and/or
amlodipine prevent ipsilateral major or disabling stroke when
compared to benazepril and/or amlodipine alone (RR 0.64, 95% CI

0.27 to 1.50; P = 0.30; 225 participants; very low-certainty evidence;
Analysis 6.1).

Secondary outcomes

Adverse events

It is uncertain whether fenofibrate plus benazepril and/or
amlodipine increase adverse events when compared to benazepril
and/or amlodipine alone (RR 20.09, 95% CI 1.19 to 338.84; P = 0.04;
225 participants; very low-certainty evidence; Analysis 6.2).

7. One lipid-lowering agent versus another lipid-lowering
agent

We included two studies in this comparison (Nohara 2012;
Sawayama 2002). Nohara 2012 compared 5 mg rosuvastatin once
daily to 10 mg pravastatin once daily. It was an open-label study,
with blinded end-point evaluation, and we assessed it at high
risk of bias. Sawayama 2002 compared probucol 500 mg twice
daily to pravastatin 10 mg/day, and we assessed the overall risk
of bias as low. They provided data for long-term outcomes in
650 participants from Japan and Mexico for one to two years,
during the 1990s and 2000s. Both studies assessed a wide range
of biochemical and clinical outcomes. Neither of the included
studies for this comparison measured our primary outcome (i.e.
neurological impairment) or four of our secondary outcomes
(stroke-related mortality, major bleeding, progression of carotid
stenosis, or quality of life). We were unable to perform a meta-
analysis or sensitivity analysis on the primary outcome ipsilateral
major or disabling stroke because only one of the two studies
measured this outcome. See Table 5.

Primary outcomes

Ipsilateral major or disabling stroke

One study, Nohara 2012, measured this outcome. It is uncertain
whether rosuvastatin results in any diJerence in ipsilateral major
or disabling stroke when compared to pravastatin (RR 2.96, 95% CI
0.12 to 72.24, P = 0.50; 332 participants; very low-certainty evidence;
Analysis 7.1).
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Secondary outcomes

Adverse events

It is uncertain whether rosuvastatin or probucol results in any
diJerence in adverse events when compared to pravastatin (RR

0.92, 95% CI 0.30 to 2.86; P = 0.03, I2 = 80%; 2 studies, 497
participants; very low-certainty evidence; Analysis 7.2).

8. Two lipid-lowering agents compared to one lipid-lowering
agent

We found one study for this comparison. Bots 2007 compared
torcetrapib 60 mg plus atorvastatin 10, 20, 40, or 80 mg per day
to atorvastatin 10, 20, 40, or 80 mg per day in 683 participants
in 64 centres in North America and Europe (Canada, USA, Czech
Republic, Finland, France and the Netherlands) in the 2000s.
This study was prematurely terminated as all torcetrapib clinical
trials were stopped. Therefore, 48 participants who were still
receiving torcetrapib were contacted and instructed to discontinue
treatment immediately and return for final evaluation that same
month. This study did not measure five of our prespecified
outcomes: the primary outcome of neurological impairment, and
four of the secondary outcomes (stroke-related mortality, major
bleeding, progression of carotid stenosis, and quality of life). See
Table 6.

Primary outcomes

Ipsilateral major or disabling stroke

Two lipid-lowering agents (torcetrapib plus atorvastatin) may result
in no diJerence in ipsilateral major or disabling stroke when
compared to one lipid-lowering agent (atorvastatin) (RR 3.04, 95%
CI 0.12 to 74.46; P = 0.49; 683 participants; low-certainty evidence;
Analysis 8.1).

Secondary outcomes

Adverse events

Two lipid-lowering agents (torcetrapib plus atorvastatin) may result
in no diJerence in adverse events when compared to one lipid-
lowering agent (atorvastatin) (RR 1.25, 95% CI 0.61 to 2.56; P = 0.54;
683 participants; low-certainty evidence; Analysis 8.2).

9. One antihypertensive agent compared to another
antihypertensive agent

We identified four studies for this comparison (Applegate 1991;
ELSA 2002; Stumpe 2007; Terpstra 2004). These studies ranged
in duration from two to four years, and in participant numbers
from 165 to 2035. Applegate 1991 compared 2.5 mg or 5 mg
isradipine twice daily to 12.5 mg or 25 mg hydrochlorothiazide
twice daily. ELSA 2002 compared lacidipine 4 mg once daily to
atenolol 50 mg once daily. Stumpe 2007 compared olmesartan 20
mg once a day to atenolol 50 mg daily. Terpstra 2004 compared
amlodipine 5 mg to lisinopril 10 mg. We assessed the overall
risk of bias for the four studies as low. These studies assessed
a wide range of imaging and clinical outcomes. However, none
measured five of our prespecified outcomes: the primary outcome
of neurological impairment, and the secondary outcomes of stroke-
related mortality, major bleeding, progression of carotid stenosis,
and quality of life. See Table 7.

Primary outcomes

Ipsilateral major or disabling stroke

Two studies measured this outcome (Applegate 1991; ELSA 2002).
One antihypertensive agent (isradipine or lacidipine) may result in
little to no diJerence in ipsilateral major or disabling stroke when
compared to another antihypertensive agent (hydrochlorothiazide

or atenolol) (RR 0.99, 95% CI 0.34 to 2.87; P = 0.17, I2 = 46%; 2
studies, 2918 participants; low-certainty evidence; Analysis 9.1). A
sensitivity analysis using a fixed-eJect model did not change the
eJect estimate substantially (RR 0.88, 95% CI 0.43 to 1.79; Figure 6).

 

Figure 6.   Sensitivity analysis (Ipsilateral major or disabling stroke): fixed e>ect.
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Secondary outcomes

Adverse events

One antihypertensive agent (isradipine, lacidipine, olmesartan,
or amlodipine) may result in little to no diJerence in adverse
events when compared to another antihypertensive agent
(hydrochlorothiazide, atenolol, or lisinopril) (RR 1.00, 95% CI 0.82

to 1.21; P = 0.38, I2 = 3%; 4 studies, 3239 participants; low-certainty
evidence; Analysis 9.2).

10. Higher dose of lipid-lowering agent compared to low dose
of the same lipid-lowering agent

We found two studies for this comparison (Ikeda 2013;Tang 2009).
Ikeda 2013 compared pitavastatin at diJerent doses. Outcomes
were measured aRer 12 months. This was an open-label study, with
a blinded end-point evaluation, and we assessed the performance
bias domain as high risk of bias. Tang 2009 compared 80 mg
atorvastatin once daily to 10 mg atorvastatin once daily. We
assessed the overall risk of bias for as low. These studies evaluated
573 participants from the USA, Japan, Greece, and the UK in the
2000s with four months to two years of follow-up. The two studies
assessed a wide range of imaging and clinical outcomes. Neither
included study measured five of our prespecified outcomes: the
primary outcome of neurological impairment, and four of the
secondary outcomes (stroke-related mortality, major bleeding,
progression of carotid stenosis, and quality of life). We were
unable to perform a meta-analysis or sensitivity analysis on this
comparison because the studies reported diJerent outcomes. See
Table 8.

Primary outcomes

Ipsilateral major or disabling stroke

One study measured this outcome (Tang 2009). A higher dose
of a lipid-lowering agent (atorvastatin 80 mg) may result in no
diJerence in ipsilateral major or disabling stroke when compared to
a lower dose of the same lipid-lowering agent (atorvastatin 10 mg)
(RR 0.33, 95% CI 0.01 to 7.72; P = 0.49; 40 participants; low-certainty
evidence; Analysis 10.1).

Secondary outcomes

Adverse events

One study measured this outcome (Ikeda 2013). It is uncertain
whether a higher dose of a lipid-lowering agent (pitavastatin 3 (±
1.2) mg) results in any diJerence in adverse events when compared
to a lower dose of the same lipid-lowering agent (pitavastatin 1.9
(± 0.8) mg) (RR 1.57, 95% CI 0.66 to 3.71; P = 0.31; 278 participants;
very low-certainty evidence; Analysis 10.2).

D I S C U S S I O N

This review aimed to assess the eJects of pharmacological
interventions on preventing neurological impairment, ipsilateral
major or disabling stroke, death, major bleeding, and other
outcomes in people with asymptomatic carotid stenosis.

Summary of main results

We included 34 randomised controlled trials (RCTs) in total in the
review; of these, we included 22 in the quantitative analysis. These
studies compared diJerent pharmacological interventions, such
as antiplatelet agents, anticoagulant agents, lipid-lowering agents,

and antihypertensive agents. Three of the included studies were
multi-armed trials (Furberg 1994; Hedblad 2001; Sawayama 2002).
We identified one ongoing study (Aranzulla 2021).

Of the included studies, 12 did not assess any of our prespecified
outcomes (Clezar 2020). The other 22 studies provided data for 10
diJerent comparisons. However, these studies did not assess all of
our outcomes of interest, including neurological impairment and
quality of life.

A sensitivity analysis comparing fixed-eJect versus random-eJects
models was only possible for the outcome of 'ipsilateral major or
disabling stroke', in just two comparisons: 'lipid-lowering agent
versus placebo or no treatment' and 'one class of antihypertensive
agent compared to another class of antihypertensive agent'.

Antiplatelets agents

One included Canadian study from the early 1990s (Côté 1995),
which compared an antiplatelet agent versus placebo in people
with asymptomatic carotid stenosis, provided data for our
protocol-proposed outcomes. This study showed that antiplatelet
agents may result in no diJerence for ipsilateral major or disabling
stroke, stroke-related mortality, progression of carotid stenosis,
and adverse events (all low-certainty evidence). The eJect of
antiplatelet agents on major bleeding when compared to placebo
was very uncertain and the certainty of the evidence was very low
(Summary of findings 1). There were no data regarding neurological
impairment or quality of life.

Lipid-lowering agents

We found five diJerent comparisons of lipid-lowering agents,
involving 23 studies, 15 of which measured outcomes predefined in
our protocol (Clezar 2020).

The most common comparison in studies in lipid-lowering agents
was with placebo or no treatment (ranging from six weeks to five
years aRer the beginning of the intervention) (Anderssen 2005;
Blanco-Colio 2004; Crouse 2007; Hu 2009; Furberg 1994; Hedblad
2001; Mercuri 1996; Reid 2005; Salonen 1995; Sawayama 2002;
Yamada 2009; Zheng 2022; Zeng 2004). Data from nine studies
showed that lipid-lowering agents may result in no diJerence
in ipsilateral major or disabling stroke, stroke-related mortality,
and adverse events when compared to placebo or no treatment
(all low-certainty evidence; Summary of findings 4). A sensitivity
analysis using the fixed-eJect model changed the eJect estimate
substantially for ipsilateral major or disabling stroke (Figure 5).
Neurological impairment, major bleeding, progression of carotid
stenosis, and quality of life were not reported.

Another five studies compared two diJerent doses of the same
lipid-lowering agent (Corti 2005; Ikeda 2013; Kadoglou 2010; Tang
2009; Underhill 2008), of which only two assessed our outcomes of
interest. Tang 2009 showed that a higher dose of a lipid-lowering
agent may result in no diJerence in ipsilateral major or disabling
stroke when compared to a lower dose of a lipid-lowering agent
(low-certainty evidence). Ikeda 2013 suggested that it is uncertain
whether a higher dose of lipid-lowering agents results in any
diJerence in adverse events when compared to a lower dose of the
same lipid-lowering agent (very low-certainty evidence; Table 8).
Neurological impairment, stroke-related mortality, major bleeding,
progression of carotid stenosis, and quality of life outcomes were
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not reported in either trial. The three other studies did not assess
any of the outcomes prespecified in our protocol.

Three studies compared diJerent lipid-lowering agents (Meaney
2009; Nohara 2012; Sawayama 2002). All three studies administered
pravastatin. However, Meaney 2009 did not assess any of
our prespecified outcomes, and thus was not included in the
quantitative analysis. It is uncertain whether one lipid-lowering
agent results in any diJerence in ipsilateral major or disabling
stroke or an increase in adverse events when compared to another
lipid-lowering agent. In both cases, the certainty of the evidence
was very low (Table 5). Neither study assessed neurological
impairment, stroke-related mortality, major bleeding, progression
of carotid stenosis, and quality of life.

One study compared two lipid-lowering agents to one lipid-
lowering agent (Bots 2007). The findings from this study indicated
that two lipid-lowering agent may result in no diJerence
in ipsilateral major or disabling stroke and adverse events
when compared to one lipid-lowering agent (both low-certainty
evidence; Table 6). Bots 2007 did not assess neurological
impairment, stroke-related mortality, major bleeding, progression
of carotid stenosis, and quality of life.

The last comparison involving lipid-lowering agents was in the
Zhu 2006 study. Based on this study's results, it is uncertain
whether a lipid-lowering agent plus antihypertensive agent prevent
ipsilateral major or disabling stroke or increase adverse events
when compared to an antihypertensive agent alone; the certainty
of the evidence was very low for both outcomes (Table 4). No other
outcome of interest was reported in this comparison.

Anticoagulant agents

Furberg 1994 compared warfarin to placebo. An anticoagulant
agent may reduce adverse events (low-certainty evidence), but
the eJect of anticoagulants on major bleeding when compared to
placebo is uncertain and the certainty of the evidence was very
low (Summary of findings 3). This study did not assess neurological
impairment, ipsilateral major or disabling stroke, stroke-related
mortality, progression of carotid stenosis, and quality of life.

Another trial that compared anticoagulant agents was Shinoda-
Tagawa 2002. It compared cilostazol (100 to 200 mg daily) to no
treatment in 89 Japanese participants for three years. This study
did not report any of our prespecified outcomes.

Antihypertensive agents

Eleven included trials studied an antihypertensive agent,
accounting for four diJerent comparisons outlined below: (1)
antihypertensive agent versus placebo; (2) one antihypertensive
agent versus another antihypertensive agent; (3) one
antihypertensive agent plus a lipid-lowering agent versus another
antihypertensive agent; and (4) an antihypertensive agent
(metoprolol) plus aspirin versus placebo.

Two studies compared an antihypertensive agent to placebo
(Hedblad 2001; Sutton-Tyrrell 1994). Hedblad 2001 assessed two
of our prespecified outcomes (ipsilateral major or disabling stroke;
stroke-related mortality), and Sutton-Tyrrell 1994 assessed only
progression of carotid stenosis. Based on data from these studies,
an antihypertensive agent may result in no diJerence in ipsilateral
major or disabling stroke and stroke-related mortality, but may

prevent the progression of carotid stenosis when compared to
placebo (all low-certainty evidence; Summary of findings 2). These
studies did not assess neurological impairment, major bleeding,
adverse events, and quality of life.

Seven studies compared two diJerent antihypertensive agents
(Applegate 1991; ELSA 2002; Semplicini 2000; Stumpe 2007;
Terpstra 2004; VHAS 1998; Yamamoto 2011). However, only four
of these assessed any of our prespecified outcomes (Applegate
1991; ELSA 2002; Stumpe 2007; Terpstra 2004). Applegate 1991 and
ELSA 2002 reported data on ipsilateral major or disabling stroke;
all four studies presented data on adverse events (Stumpe 2007;
Terpstra 2004). We were thus able to perform meta-analysis for
two prespecified outcomes. Antihypertensive agents may result in
no diJerence in ipsilateral major or disabling stroke and adverse
events when compared to another antihypertensive agent (both
low-certainty evidence; Table 7). A sensitivity analysis using a fixed-
eJect model did not change the eJect estimate substantially for
ipsilateral major or disabling stroke (Figure 6).

Only one included study, with 254 participants, compared an
antihypertensive agent plus a lipid-lowering agent to another
antihypertensive agent plus a lipid-lowering agent (Zanchetti
2004); it reported one of our outcomes of interest. An
antihypertensive agent plus a lipid-lowering agent may result in
little to no diJerence in ipsilateral major or disabling stroke when
compared to another antihypertensive agent plus a lipid-lowering
agent (low-certainty evidence; Table 3).

The remaining study compared an antihypertensive agent
(metoprolol) plus aspirin to placebo in 162 participants (Norris
1990). We could not extract any usable data from this study and
our attempt to obtain raw data directly from the trial authors was
unsuccessful.

Overall completeness and applicability of evidence

In this systematic review, we focused on people of any age with
asymptomatic carotid stenosis, to provide information about the
eJects of diJerent classes of drugs in cardiovascular outcomes,
including the prevention of neurological impairment, stroke,
adverse eJects, major bleeding, and quality of life. We included
only RCTs.

Study design

Our extensive search for RCTs investigating pharmacological
interventions for asymptomatic carotid stenosis identified only 34
studies with our predefined interventions.

Although all studies were RCTs, most did not provide complete and
clear information about their methodology or data. As a result, it
was diJicult to perform quantitative analyses and assess the risk of
bias for many outcomes in some studies. Furthermore, there were
only one to nine studies in each comparison, and most comparisons
had only one or two of the included studies.

Population

The randomised population ranged between 18 and 100 years
of age, with the mean age in the 60-year age group. Most
participants were men. Both of these features are consistent with
the epidemiology of the disease.
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Most of our included studies had relatively low participant
numbers: 25 studies had up to 500 participants, 12 of which
had fewer than 100 participants; seven studies had between 500
and 1000 participants; and just two studies had more than 1000
participants.

Intervention

In two of our five interventions of interest – namely, lipid-
lowering and antihypertensive agents – there was considerable
variation in the use of the intervention (e.g. dosages, diJerent
agents, association with other agents). In two other interventions
– antiplatelet agents and anticoagulant agents – there were fewer
studies and the intervention was limited to the standard dosage of
the agent or was associated with another agent. Notably, we did
not include any studies with one of our interventions of interest:
glycaemic-lowering agents.

Setting

The studies included in this review were carried out in 21 diJerent
countries, with most (90%) being high-income countries. Three of
the included studies were multicentric.

It should be remembered that various factors, such as
socioeconomic conditions, access to physical activity, type of
food and cuisine, and culture of the population of each
country, may interfere with the acceptability and eJectiveness
of pharmacological treatments of asymptomatic carotid stenosis.
Hence, the external validity of the general evidence presented in
this review should be considered with caution.

Outcomes

None of the included studies reported our primary outcome
of neurological impairment. Only 14 of 34 studies reported
ipsilateral major or disabling stroke in the diJerent comparisons.
Of our secondary outcomes, four studies reported stroke-related
mortality, two other studies detailed major bleeding, two reported
progression of carotid stenosis, and 16 reported adverse events.
However, we found no studies that evaluated the impact of
pharmacological interventions on quality of life.

Certainty of the evidence

The evidence for this review came from RCTs, but some studies
had methodological problems, poorly-reported study designs, or
both. Randomisation and allocation were adequately reported in
almost half of the trials; we judged the remaining as having an
unclear risk of bias in these domains. We judged nine open-label
studies as having a high risk of bias due to not blinding participants
and personnel, and another five studies as unclear. However,
20 trials were blinded to participants and personnel, avoided
performance bias as much as possible, and were adequately
reported. Furthermore, only two RCTs did not report the blinding
of outcome assessment; we assessed these as having an unclear
risk of bias for this domain. Also, we considered seven studies as
having an unclear risk of attrition bias with incomplete outcomes,
and three as having an unclear risk of reporting bias. We assessed
only one trial as having a high risk of selective reporting bias.

The certainty of the evidence for our outcomes ranged from low
to very low. We downgraded the certainty of the evidence due
to the risk of bias in four RCTs, mainly regarding the blinding of
participants and personnel, as these studies were open-label. Also,

we downgraded the certainty of the evidence for all outcomes for
imprecision because of the small number of participants in the
trials, the few studies in each comparison, and large confidence
intervals. Moreover, two trials were imprecise in their definitions of
bleeding, which led to downgrading the evidence certainty of the
major bleeding outcome.

There are numerous clinical guidelines on and RCTs investigating
treatments for asymptomatic carotid stenosis. However, there is
still no high-certainty evidence about the best pharmacological
treatment for people with asymptomatic carotid stenosis.

Potential biases in the review process

We performed an unrestricted literature search and followed
guidance in the Cochrane Handbook for Systematic Reviews of
Interventions in our selection of studies (Lefebvre 2022). We believe
that we identified all relevant studies meeting our inclusion criteria.
However, there is the possibility that some studies may have been
missed, especially in the grey literature.

We designed and published our protocol for studying
pharmacological interventions in asymptomatic carotid stenosis
prior to data collection and analysis (Clezar 2020), and we adhered
to the prespecified inclusion and exclusion criteria in the protocol
to limit subjectivity. We did not include non-randomised studies
due to their high vulnerability to error and bias. Also, we attempted
to contact study authors in order to obtain additional relevant data
but were unable to do so with the included studies. If we are able to
collect supplemental data, we will consider it in future updates.

Agreements and disagreements with other studies or
reviews

Systematic reviews of interventions

To the best of our knowledge, there are no systematic reviews that
compare pharmacological treatments with placebo, no treatment,
or another pharmacological intervention for asymptomatic carotid
stenosis. However, there are three systematic reviews comparing
pharmacological treatments with surgical treatment in people
with carotid artery stenosis (Gasior 2023; Müller 2021; Raman
2013). Gasior 2023 compared the eJects of pharmacological
treatment with invasive carotid endarterectomy and carotid artery
stenting in people with asymptomatic carotid artery stenosis. They
found evidence that contemporary pharmacological treatment
shows similar reductions in stroke and carotid endarterectomy
mortality. Furthermore, pharmacological treatment has the
potential to reduce the need for surgical intervention in
people with asymptomatic carotid stenosis. Müller 2021 reviewed
available evidence from randomised clinical trials comparing
pharmacological treatment with surgical treatment (both carotid
artery stenting and carotid endarterectomy) in people with
symptomatic and asymptomatic carotid stenosis. They found
that carotid artery stenting may slightly increase the risk of
stroke or death up to 30 days aRer treatment compared
with carotid endarterectomy in asymptomatic patients. Raman
2013 reviewed RCT and non-randomised study evidence for
three diJerent treatment strategies for asymptomatic carotid
stenosis: pharmacological therapy alone, carotid endarterectomy
plus pharmacological therapy, and carotid artery stenting plus
pharmacological therapy. They also examined single-group
prospective cohort studies of pharmacological therapy to measure
stroke incidence. They found evidence from three studies that
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carotid endarterectomy reduces the risk of ipsilateral stroke when
compared to pharmacological treatment, but cautioned that these
results may no longer be applicable to current clinical practice as
they are from older studies. No study in their review compared
carotid artery stenting with pharmacological therapy.

Clinical guidelines and systematic reviews of clinical
guidelines

There are some systematic reviews of guidelines for the primary
and secondary prevention of stroke, which encompass both
surgical (carotid endarterectomy and carotid angioplasty/stenting)
and pharmacological treatment.

Abbott 2015 systematically searched for guidelines with
recommendations on carotid endarterectomy and carotid
angioplasty/stenting between January 2008 and 2015, published
in any language. This review highlighted limitations in terms
of the clarity, accessibility, organisation, and consistency of the
recommendations, and also in terms of the currency of the
scientific evidence used in these guidelines and protocols. The
literature was outdated, as the studied therapies have undergone
several modifications over the last 30 years (Abbott 2015). As
we observed in our review, most of the studies that evaluated
pharmacological treatment in asymptomatic carotid stenosis are
from the 1990s and 2000s, with a lot of emphasis on lipid-lowering
agents and less emphasis on antihypertensive agents. We also
found few studies that assessed anticoagulants and antiplatelet
drugs and no studies on hypoglycaemic agents and how diabetes
management can impact these patients.

All protocols and guidelines regarding the treatment of
asymptomatic carotid stenosis are informed by clinical trials
on carotid endarterectomy, carotid angioplasty/stenting, and
pharmacological treatment, most of which were conducted
20 to 40 years ago. Many of these studies, including the
Veterans AJairs Cooperative Study Group, the Asymptomatic
Carotid Atherosclerosis Study (ACAS) study, and the ACST-1
(Asymptomatic Carotid Surgery Trial) study, were not supportive of
pharmacological treatment because they were conducted at a time
when a minority of participants were using lipid-lowering agents
and blood pressure targets were not as low as they are today.
However, our review shows that antihypertensive drugs can reduce
the risk of progression of carotid stenosis and lipid-lowering drugs
can reduce the risk of major or disabling stroke.

Consequently, new RCTs are required to legitimise
current guidelines. At present, there are a few ongoing
studies for asymptomatic carotid stenosis involving the
use of carotid endarterectomy/carotid artery stenting
and pharmacological treatment, including the Carotid
Revascularization Endarterectomy versus Stent Trial 2 (Howard
2017).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is limited evidence to inform decision-making about the use
of pharmacological interventions in asymptomatic carotid artery
stenosis. There is no evidence currently available from randomised
controlled trials about the eJects of pharmacological interventions
on neurological impairment and quality of life.

Antiplatelets, lipid-lowering drugs, and the antihypertensive drug,
metoprolol, may have little to no eJect on stroke and stroke-related
death.

Antiplatelets and lipid-lowering medications may have little to no
eJect on side eJects, and antiplatelets may have little to no eJect
on the progression of carotid narrowing.

Anticoagulants in people with asymptomatic carotid stenosis may
decrease the risk of adverse events by 11% compared to placebo.

Chlorthalidone – an antihypertensive drug – may decrease the risk
of progression of carotid stenosis by 55% compared to placebo.

The evidence of the eJects of antiplatelets and anticoagulants on
major bleeding is very uncertain.

Therefore, this restricted evidence should not be interpreted as
demonstrating the ineJectiveness of pharmacological treatment
for asymptomatic carotid stenosis, but rather highlights a need for
more trials. In the interim, clinicians will have to use information
from other prevention trials to help guide decision-making.

Implications for research

There is no high-quality evidence on pharmacological
interventions to prevent stroke and its sequelae.

Given the lack of evidence, randomised controlled trials involving
more participants (at least 4000 in total) and with a minimum
follow-up of two years are needed to assess cardiovascular changes
and events over the long term in people with atherosclerosis.
Studies should focus on the following outcomes: neurological
impairment, mortality, and changes in quality of life.

Adherence to pharmacological interventions remains an issue,
even in high-income countries and even when people are
participating in randomised controlled trials (Haley 2021).
Researchers should thus anticipate and try to address this problem
when developing new trial protocols.

Most data in our review come from high-income countries. Data
from under-represented continents, particularly Africa, and from
participants with diJerent social and economic characteristics are
warranted, to enhance external validity and translate evidence into
practice.
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Methods Study design: randomised, placebo-controlled, 2x2 factorial trial

Total duration of study: 4 years

Details of any 'run-in' period: no details given

Number of study centres and location: no details given, Norway

Study setting and date of study: outpatients; no details given

Participants Number randomised: 568 participants

Number lost to follow-up/withdrawn: no details given

Number analysed: 568 participants

Number of interest: 568 participants

Mean age: fluvastatin alone group: 56.8 ± 8.6 years; placebo alone group: 57.5 ± 8.2 years; fluvastatin
and lifestyle group: 57.9 ± 8.7 years; placebo and lifestyle group: 56.4 ± 9.1 years

Age range: 40 to 74 years

Gender: 568 men

Severity of condition: hypertension

Diagnostic criteria: total cholesterol 4.5–8.0 mmol/L, triglycerides < 4.5 mmol/L, body mass index 25–
35 kg/m2, and a sedentary lifestyle (< 1 hour per week of regular exercise)

Smoking history: current smokers: 104 participants, former smokers: 227 participants

Inclusion criteria: "men aged 40 to 74 years receiving drug treatment for hypertension were recruit-
ed, and were eligible for enrolment if they exhibited total cholesterol 4.5–8.0 mmol/L, triglycerides <
4.5 mmol/L, body mass index 25–35 kg/m2, and a sedentary lifestyle (< 1 hour per week of regular exer-
cise)"

Exclusion criteria: "main exclusion criteria included any symptomatic cardiovascular disease (MI,
angina pectoris, stroke), congestive heart failure, type 1 diabetes mellitus, history of coronary interven-
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tion, need for treatment with lipid-lowering medications other than the study drug, known or suspect-
ed impaired hepatic or renal function or malignancy, history of alcohol and/or drug abuse, vegetarian
diet or diet comprising a high omega-3 fatty acid intake, and inability to perform physical exercise"

Interventions Intervention: fluvastatin, 40 mg daily

Comparison: placebo, and either intensive lifestyle intervention or usual care

Concomitant medications: calcium antagonists, beta-blockers, diuretics, ACE inhibitors

Excluded medications: no details given

Outcomes Primary outcome: change in carotid IMT from baseline to study end point

Secondary outcomes: LV mass; cardiovascular disease events

Time points reported

• "Change in carotid IMT: measurements were performed at baseline and after 2 and 4 years of treat-
ment.

• Supine BP measurement was carried out in a blinded manner at baseline, after 3 and 6 months of
treatment, and at 6-month intervals thereafter.

• Levels of glucose, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cho-
lesterol, and triglycerides were determined at baseline, after 3 months, and after 1, 2, 3 and 4 years
of treatment.

• All participants receiving lifestyle intervention completed a standardised questionnaire on physical
activity (HPAQ, HYRIM Physical Activity Questionnaire), at baseline and after 4 years of treatment.

• Compliance with the dietary programme was assessed using a 180-item food frequency question-
naire, carried out on each participant at baseline, and after 2 years (subsamples) and 4 years of treat-
ment."

Notes Funding for trial: HYRIM was supported by grants from Novartis Pharma AG, Ulleva ̊l University Hospi-
tal, Norwegian University of Physical Education and the Throne Holst Legacy

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details given

Allocation concealment
(selection bias)

Unclear risk No details given

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "The statin arm was double blind, whereas the lifestyle arm was single
blind."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The sonographer and operators carrying out oJ-line analyses were
masked to all patient information, the randomization group, and to the results
of previous examinations."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section
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Selective reporting (re-
porting bias)

Low risk Mostly, but adverse events and cholesterol level at baseline and at 4-year fol-
low-up not provided

Other bias Low risk No evidence of other bias

Anderssen 2005  (Continued)

 
 

Study characteristics

Methods Study design: multicenter, randomised, double-blind, active-control, parallel-group trial

Total duration of study: 3 years.

Details of any 'run-in' period: "eligibility was determined during an initial screening period of three
to eight weeks' duration. Participants who had been taking antihypertensive medications at the be-
ginning of the screening period underwent a short wash-out period. All participants then underwent a
three- to eight-week placebo period during which the blood pressure entry criteria were evaluated."

Number of study centres and location: 9 clinical centres located across the USA

Study setting and date of study: outpatients; 9 July 1988 to 12 December 1989

Participants Number randomised: 883 participants

Number lost to follow-up/withdrawn: "20% of those on isradipine treatment and 18% of those on hy-
drochlorothiazide (HCTZ) treatment had withdrawn from their respective study medications"

Number analysed: 883 participants

Number of interest: 883 participants

Mean age: 58.7 years

Age range: 40 years and older

Gender: 687 men and 196 women

Severity of condition: no details given

Diagnostic criteria: "only diastolic BP (DBP) was used to determine the presence of hypertension. Hy-
pertension was defined as an average DBP of from 90 mmHg to 115 mmHg"

Smoking history: 340 former smokers and 176 current smokers

Inclusion criteria

"1) Men and women over the age of 40 years; 2) average sitting diastolic blood pressure greater than 90
mmHg and less than 115 mmHg on each of the last three visits of the placebo run-in period; 3) presence
of one or more atherosclerotic lesions in the extracranial carotid artery, demonstrated by quantitative
B-mode ultrasound scanning at baseline with a maximum plaque thickness of between 1.3 mm and 3.5
mm; 4) total serum cholesterol and triglyceride levels within a week prior to randomisation"

Exclusion criteria

"1) Determination that the patient was considered unlikely to complete the 3-year treatment period;
2) presence of any form of secondary hypertension; 3) presence of malignant or accelerated hyperten-
sion; 4) presence of symptomatic orthostatic hypotension; 5) an average sitting diastolic blood pres-
sure < 115 mmHg at any visit during the screening or placebo wash-out period; 6) presence of unsta-
ble or poorly controlled angina pectoris; 7) history of a cerebrovascular accident, MI, or TIA within the
past three months; 8) previous carotid endarterectomy on the side of the qualifying plaque; 9) potential
need for diuretic therapy over a 3-year period, including a history of mild heart failure; 10) presence of
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cardiac arrhythmias of sufficient severity as to place the patient at risk for an adverse outcome during
the course of the study; 11) presence of insulin-dependent diabetes mellitus; 12) presence of any se-
vere disease or use of any medication that might confound the study results or interfere with comple-
tion of the study."

Interventions Intervention: 2.5 mg or 5 mg isradipine twice daily

Comparison: 12.5 mg or 25 mg HCTZ twice daily

Concomitant medications: "the small proportion of participants who did not demonstrate adequate
blood pressure control with dose-doubling were given open-label enalapril in doses ranging from 2.5
mg to 10 mg twice daily."

Excluded medications: no details given

Outcomes Primary outcome: reducing the rate of progression of early extracranial carotid artery atherosclerosis

Secondary outcomes: "defined specifically for the purpose of identifying the effect, if any, on the spe-
cific segments of carotid artery. These end points were rate of progression in IMT of the following: (1)
"normal" arterial walls, defined as the mean of those walls with IMTs less than 1.0 mm at baseline; (2)
"borderline" walls with mean IMTs between 1.0 and 1.3 mm at baseline; (3) "diseased" walls with mean
IMTs between 1.3 and 3.5 mm at baseline; (4) the 4 walls of the common carotid artery; (5) the 4walls
of the carotid bifurcation; (6) the 4 far walls of the common and bifurcation combined; (7) the single
wall with the greatest maximum IMT at baseline; and (8) the single wall with the greatest maximum in-
crease."

Time points reported

"Follow-up visits every 2 months during the first year and every 3 months during the remaining 2 years.
B-mode ultrasonography of carotid arteries was performed twice at baseline, twice at the final visit,
and once every 6 months in the interim."

Notes Funding for trial: MIDAS is sponsored by Sandoz Pharmaceuticals Corporation

Notable conflicts of interest of trial authors: "Although the Sandoz Research Institute is responsible
for centralizing data entry and editing, all data analysis will be conducted by the Operations/Analysis
Center at the Bowman Gray School of Medicine. The scientific direction for the study rests with the In-
vestigators' Committee. A Policy and Data Monitoring Committee, with no voting member from Sandoz
or any of the participating institutions, is charged with monitoring the trial for safety and efficacy, and
with approving the final report of the trial results."

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The randomization process was stratified and blocked by clinic to pro-
vide equal probability of assignment to either treatment group throughout the
study."

Allocation concealment
(selection bias)

Low risk Quote: "The randomization process was stratified and blocked by clinic to pro-
vide equal probability of assignment to either treatment group throughout the
study."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Qualifying participants were randomized at the baseline visit and be-
gan a 36-week double-blind drug treatment period."
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All reported clinical events were reviewed, adjudicated, and classified
by the MIDAS Investigators' Morbidity and Mortality Committee, consisting of 6
clinicians, each from a different clinical center; all were blinded to the random-
ization assignments."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All prespecified outcomes reported

Selective reporting (re-
porting bias)

Low risk All outcome measures were reported in the results section

Other bias Low risk No other source of bias detected

Applegate 1991  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blinded, multicentre study

Total duration of study: 4 to 6 weeks

Details of any 'run-in' period: 6-week run-in period of placebo treatment

Number of study centres and location: 1 centre, Hospital Clínico San Carlos, Madrid, Spain

Study setting and date of study: outpatients; date of study was not reported

Participants Number randomised: 14 participants

Number lost to follow-up/withdrawn: no detail given

Number analysed: 14 participants

Number of interest: 14 participants

Mean age: 71.5 +/- 6 years in atorvastatin group and 68.6 +/- 9 years in "no treatment" group

Age range: 18 to 80 years

Gender: 10 men and 4 women

Severity of condition: "carotid atherosclerosis (carotid stenosis > 70%, as diagnosed by Doppler
echocardiography)"

Diagnostic criteria: "normocholesterolemic patients with carotid atherosclerosis (carotid stenosis >
70%, as diagnosed by Doppler echocardiography) and without previous statin therapy"

Smoking history: 1 smoker

Inclusion criteria: "participants were included in the trial if, after discontinuation of any lipid-regulat-
ing drug, formal dietary counselling, good compliance with the prescribed diet, and a six-week run-in
period of placebo treatment, they had a mean (of 2 consecutive analyses at weeks 4 and 2) triglyceride
level of < 500 and > 200 mg/dL, respectively, in addition to LDL cholesterol < 250 and > 190, 180, 160, or
135 mg/dL, depending on the global risk status (low, moderate, high, or presence of coronary heart dis-
ease, respectively), according to the European Atherosclerosis Society (EAS) recommendations"

Exclusion criteria: "people were excluded from the trial if they were pregnant or nursing, had an in-
flammatory disease or tumour, or had been treated with hypolipaemic or anti-inflammatory drugs (ex-
cept aspirin < 325 mg/day) during the year preceding the study. Patients must not have had a myocar-
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dial infarction, angioplasty, severe or unstable angina pectoris, or any other cardiovascular event re-
sulting in hospitalisations during the six months preceding the study."

Interventions Intervention: 80 mg/day atorvastatin

Comparison: no treatment

Concomitant medications: no details given

Excluded medications: hypolipaemic or anti-inflammatory drugs

Outcomes Primary outcome: sFasL levels in participants with clinical atherosclerosis without marked hyperlipi-
daemia

Secondary outcome: adverse events

Time points reported: no details given

Notes Funding for trial: this study was supported by grants from the Ministerio de Ciencia y Tecnología (SAF
2001-0717), the Spanish Cardiovascular Network (03/01), the Fundación Ramón Areces, and Pfizer,
Madrid, Spain.

Notable conflicts of interest of trial authors: "Josep M Sol, Cristina Díaz, and Gonzalo Hernández
are employees of Pfizer. They were engaged in the design and recruitment of patients included in the
ATOMIX study (Atorvastatin versus Bezafibrate in Mixed Hyperlipidaemia: Randomised Clinical Trial of
Efficacy and Safety) from which we took the samples. Therefore, although they are employees of Pfizer,
they have no particular conflict of interest with the content of this paper. Drs. Blanco-Colio and Martín-
Ventura contributed equally to this work."

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "The lipid values of randomized patients were kept unknown to both
the patient and the investigator until the end of the study."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Blanco-Colio 2004  (Continued)
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Study characteristics

Methods Study design: phase 3, multicentre, double-blind, randomised, parallel group

Total duration of study: 3 years

Details of any 'run-in' period: "4-week washout phase prior to screening during which lipid-lowering
therapy was discontinued and counselling given on lifestyle changes. Eligible participants commenced
a 10 mg daily atorvastatin only during the run-in period."

Number of study centres and location: 64 centres in North America and Europe: Canada, USA, Czech
Republic, Finland, France, and the Netherlands

Study setting and date of study: outpatients; 1 December 2003 to 27 December 2006

Participants Number randomised: 752 participants

Number lost to follow-up/withdrawn: "69 discontinued intervention: 28 adverse events related to
study drug, 10 adverse events not related to study drug, 23 defaulted, 8 moved away or lost to fol-
low-up."

Number analysed: 683 participants

Number of interest: 683 participants

Mean age: 56.5 (8.2) years old in atorvastatin monotherapy group and 57.9 (8.1) years old in atorvas-
tatin plus torcetrapib group

Age range: 18 to 70 years old

Gender: 482 men and 270 women

Severity of condition: hyperlipidaemia

Diagnostic criteria: "triglycerides of greater than 1.7 mmol/L and a concurrent LDL cholesterol con-
centration that was high enough to qualify for statin treatment according to the guidelines of the US
National Cholesterol Education Programme (NCEP) Adult Treatment Panel."

Smoking history: 121 current smokers

Inclusion criteria

• "Diagnosis of mixed hyperlipidaemia

• At least 18 years of age"

Exclusion criteria

• "Women who are pregnant or lactating, or planning to become pregnant

• People with a clinically indicated need for statin (HMG-CoA reductase inhibitor) therapy other than
atorvastatin or other concomitant therapy with known lipid altering effects on LDL and HDL, including
fibrates and nicotinic acid (high doses)

• People taking any drugs known to be associated with an increased risk of myositis in combination
with HMG-CoA reductase inhibitors

• People with any other medical condition or laboratory abnormality which could affect subject safety,
preclude evaluation of response, or render unlikely that the person would complete the study."

Interventions Intervention: torcetrapib 60 mg plus atorvastatin 10, 20, 40, or 80 mg

Comparison: atorvastatin 10, 20, 40, or 80 mg

Concomitant medications: aspirin, beta-blocker, angiotensin-converting enzyme inhibitor, or an-
giotensin receptor blocker
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Excluded medications: other statins or other concomitant therapy with known lipid altering effects on
LDL and HDL including fibrates and nicotinic acid (high doses)

Outcomes Primary outcome: change in intima-media thickness as measured by carotid ultrasound

Secondary outcomes: changes in levels of lipids and other biomarkers

Time points reported: replicated scans at baseline and at each participant’s final visit, and scans at
visits at 6, 12, and 18 months, to give a maximum of seven scans for each participant

Notes Funding for trial: the study sponsor, Pfizer, collaborated with academic investigators in design of the
study, and monitored the study. The study data were analysed independently by the sponsor, the core
laboratories, and the principal investigators. The sponsor reviewed the manuscript and provided ed-
itorial comments to the lead authors. The corresponding author had full access to all the data in the
study. The corresponding author made the final decision to submit for publication in collaboration with
co-authors

Notable conflicts of interest of trial authors: MLB has received grants for studies on carotid inti-
ma-media thickness, honoraria for professional input regarding issues on carotid intima-media thick-
ness, or both, from Astra-Zeneca, Icelandic Heart Foundation, Organon, Pfizer, Netherlands Heart
Foundation, Netherlands Organisation for Health Research and Development, Servier, and Unilever.
FLJV has received research grants from Merck, and Netherlands Organisation for Health Research and
Development. GWE has received honoraria, consulting fees, and grant support for professional input
on CIMT issues from Astra-Zeneca, Organon, and Pfizer. WAR has received research contracts from As-
tra-Zeneca, Organon, and Pfizer. DEG has received grant support from, and delivered lectures for, Pfiz-
er, Astra-Zeneca, Organon, Servier, and Merck. JJPK has received research grant support from Pfiz-
er. RMV has had a contract as a study investigator with Pfizer, and has periodically received honoraria
from Pfizer for lectures. CHT has no conflicts of interest. JHR, CLS, and WTD are employees of, and CLS
and WTD are shareholders of, Pfizer

Note: all torcetrapib–atorvastatin clinical trials were stopped on 2 December 2006, when an indepen-
dent data safety and monitoring board for another study of torcetrapib and atorvastatin recommended
that it be terminated because of an increase in deaths in the treatment group. Participants who were
still receiving treatment on that date were asked to discontinue treatment immediately and to return
for final visits in that month as originally planned.

Protocol: NCT00134238

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Patients were randomised by use of a central scheme with a comput-
er-generated permuted block design, and a block size of four."

Allocation concealment
(selection bias)

Low risk Quote: "Patients were randomised by use of a central scheme with a comput-
er-generated permuted block design, and a block size of four."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Participants and study personnel were unaware of treatment assign-
ment, laboratory measurements, and carotid imaging findings" and "The
placebo tablets were identical in appearance to active torcetrapib tablets."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Readers were unaware of the interventions assigned to patients, and
of previous measurements."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section
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Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Bots 2007  (Continued)

 
 

Study characteristics

Methods Study design: prospective, randomised, double-blind trial

Total duration of study: 3 years

Details of any 'run-in' period: no details given

Number of study centres and location: 1 centre, Mount Sinai School of Medicine, New York

Study setting and date of study: outpatients; March 1999 to 2002

Participants Number randomised: 51 participants

Number lost to follow-up/withdrawn: "one patient was lost to follow-up during the first 6 months: a
52-year-old man with no previous episode of angina died suddenly during exercise 3 weeks after start-
ing in the conventional treatment group."

Number analysed: 51 participants

Number of interest: 51 participants

Mean age: 62 years

Age range: 41.4 to 82.9 years

Gender: 31 men and 20 women

Severity of condition: clinically asymptomatic patients

Diagnostic criteria: "hypercholesteraemic (LDL 130 mg/dL and triglycerides 445 mg/dL)"

Smoking history: 16 previous smokers and 15 current smokers

Inclusion criteria: "based on the pre-existence of atherosclerotic plaques (thoracic aortic wall 4.0 mm
and/or carotid wall 2.0 mm thick) detected by carotid B-mode ultrasound, echocardiography, or MRI"

Exclusion criteria: "heart failure, renal or hepatic disease, significant carotid disease, or a clinically sig-
nificant medical or surgical event within 3 months before study entry"

Interventions Intervention: simvastatin 80 mg

Comparison: simvastatin 20 mg

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: "change in vessel wall area (VWA) as a surrogate for atherosclerotic burden"

Secondary outcomes: no details given

Time points reported: "clinical follow-up was done at 6, 12, 24, and 48 weeks and blood samples were
drawn at baseline, 6, 12, 24, 48, 72, and 96 weeks to determine lipid levels and safety parameters."
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Notes Funding for trial: "this study was supported by grants from the National Institutes of Health (HL54469,
Drs Fuster and Badimon); the National Heart, Lung, and Blood Institute (HL61801, Dr Fuster); the Swiss
National Research Foundation (Dr Corti); the National Heart Foundation of Australia (Dr Worthley); the
French Federation of Cardiology (Dr HelR); and Merck and Co, Inc. Merck and Co. was partially responsi-
ble for the funding of the project."

Notable conflicts of interest of trial authors: Mount Sinai authors are fully responsible for data acqui-
sition, evaluation, and writing the manuscript without any interference from the funding sources

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "A Prospective, Randomized, Double-Blind Trial"

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The measurements were performed blinded to the patient’s identity
and image order."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Corti 2005  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind, placebo-controlled, international, multicentre, paral-
lel-group study

Total duration of study: 2 years

Details of any 'run-in' period: 6-week run-in period that included three clinic visits

Number of study centres and location: 61 primary care centres in the USA and Europe

Study setting and date of study: outpatients; August 2002 to May 2006

Participants Number randomised: 984 participants
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Number lost to follow-up/withdrawn: "3 patients did not receive rosuvastatin as assigned and with-
drew consent, and 105 discontinued study prior to any follow-up: 55 adverse events, 4 non-adherence,
33 withdrew consent, 5 lost to follow-up, 1 investigator’s decision, 11 other reasons."

Number analysed: 876 participants were included in primary efficacy analysis and 781 participants
were included in safety analysis

Number of interest: 876 participants

Mean age: 57 years old

Age range: 45 to 70 years old

Gender: 588 men and 396 women

Severity of condition: low-risk patients

Diagnostic criteria: "10-year Framingham risk < 10% with modest C-IMT (C-IMT > 1.2 mm and < 3.5
mm) and elevated LDL."

Smoking history: 38 smokers

Inclusion criteria

• "One or more maximum IMT measurements of ≥ 1.2 mm and < 3.5 mm (assessed at both visits 2 and 3)

• Aged 45 to 70 years (male) or 55 to 70 years (female)

• Asymptomatic for any atherosclerosis-related disease

• Fasting LDL-C levels of ≥ 120 mg/dL (3.1 mmol/L) and < 160 mg/dL (4.1 mmol/L) at visit 1 (−6 weeks)
(for participants with ≥ 2 risk factors and a 10-year CHD risk of < 10%)

• Fasting LDL-C levels of ≥120 mg/dL (3.1 mmol/L) and < 190 mg/dL (4.9 mmol/L) at visit 1 (for partici-
pants with no additional CHD risk factor other than age)

• HDL-C ≤ 60 mg/dL (1.6 mmol/L) and triglyceride levels of < 500 mg/dL (5.65 mmol/L)."

Exclusion criteria

• "Pharmacological lipid-lowering therapies (statins, fibrates, bile acid binding resins, niacin or its ana-
logues at doses > 400 mg) in the 12 months before the first visit

• Clinical evidence of coronary artery disease, angina, MI, or other peripheral atherosclerotic disease

• Revascularisation procedures

• 10-year CHD risk of ≥ 10%

• Diabetes mellitus, uncontrolled hypertension, or familial hypercholesterolaemia

• Serum creatinine levels of > 2 mg/dL (177 μmol/L) during screening."

Interventions Intervention: rosuvastatin 40 mg once daily

Comparison: placebo

Concomitant medications: "a bile acid sequestrant was added to the treatment regimen under the
following circumstances: placebo group, if LDL levels are ≥ 190 mg/dL (4.9 mmol/L) on two consecutive
visits (in participants with only age as a risk factor) or if LDL levels are ≥ 160 mg/dL (4.1 mmol/L) on two
consecutive visits (in participants with a < 10% risk of CHD over 10 years); rosuvastatin group, if LDL lev-
els are ≥ 100 mg/dL (2.56 mmol/L) on two consecutive visits"

Excluded medications: potent immunosuppressants not permitted

Outcomes Primary outcome: "change from baseline (visit 4) to the end of treatment (visit 13) in the mean of the
maximum (MeanMax) IMT"

Secondary outcomes: "change from baseline to end of treatment in the MeanMax IMT of the right and
leR CCA, carotid bifurcation and ICA independently, and the mean IMT of the near and far walls of the
right and leR CCA; change from baseline to study end in LDL, total cholesterol, high-density lipoprotein
cholesterol (HDL) and non-HDL components, non-HDL:HDL ratio, triglyceride, apolipoprotein A-I or Apo

Crouse 2007  (Continued)
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B levels and the Apo B:Apo A-I ratio: change in C-reactive protein level from baseline to study end also
measured."

Time points reported: during the study, participants visited the clinic nine further times

Notes Funding for trial: the METEOR study was funded by AstraZeneca

Notable conflicts of interest of trial authors: "Dr Crouse reported receiving grant or salary support
from Merck, Merck-Schering Plough, Pfizer, AstraZeneca, and Kos Pharmaceuticals; and giving lectures
for Merck, Merck-Schering Plough, Pfizer, AstraZeneca, Abbott, and Kos Pharmaceuticals. Dr Raichlen
reported being an employee of AstraZeneca. Dr Riley reported receiving research contracts from As-
traZeneca, Organon, and Pfizer. Mr Evans reported receiving grant support and honoraria from As-
traZeneca, Organon, and Pfizer; and being a consultant to AstraZeneca and Pfizer. Dr Palmer reported
being an employee of AstraZeneca. Dr O’Leary reported being on data and safety monitoring boards for
Pfizer and AstraZeneca; being a consultant to Pfizer, Sankyo Pharma, Sanofi-Aventis, GlaxoSmithKline,
Eli Lilly, Schering-Plough, Esperion Therapeutics, and Merck; and being an equity partner in Imagepace
LLC. Dr Grobbee reported receiving grant support from and delivering lectures for Pfizer, AstraZeneca,
Organon, Servier, and Merck. Dr Bots reported receiving study grants for studies on carotid intima-me-
dia thickness and/or honoraria for professional input on carotid intima-media thickness issues from As-
traZeneca, Icelandic Heart Foundation, Organon, Pfizer, the Netherlands Heart Foundation, the Nether-
lands Organisation for Health Research and Development, Servier, and Unilever."

Protocol: NTC00225589

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Eligible participants were randomised to either the placebo or rosu-
vastatin groups in blocks of seven (five rosuvastatin, two placebo) at each clin-
ical site"

Allocation concealment
(selection bias)

Low risk Quote: "This random allocation means that any regression to the mean occur-
ring within the study affects both treatment groups equally and that estimates
of treatment effect within quartiles of baseline C-IMT are unbiased"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Blinded study medication was supplied in individual numbered bot-
tles prepared prior to the clinic visits and eligible individuals were allocated
study medication sequentially"

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Investigators checked adherence but were unaware of treatment allo-
cations for the duration of the study"

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcomes described in the methods section reported

Selective reporting (re-
porting bias)

Low risk All outcome measures have been reported in the results section

Other bias Low risk No other source of bias detected

Crouse 2007  (Continued)
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Methods Study design: randomised, double-blind, placebo-controlled trial

Total duration of study: 6 years

Details of any 'run-in' period: no details given

Number of study centres and location: five centres in Montreal and Quebec City, Quebec

Study setting and date of study: outpatients; May 1988 to May 1994

Participants Number randomised: 372 participants

Number lost to follow-up/withdrawn: "only two patients (both in the placebo group) were lost to fol-
low-up, after 1.5 and 2.7 years in the study, respectively."

Number analysed: 372 participants

Number of interest: 372 participants

Mean age: 65 years old

Age range: 23 to 91 years old

Gender: 175 men and 197 women

Severity of condition: neurologically asymptomatic patients

Diagnostic criteria: "audible cervical bruit in whom duplex ultrasonography indicated the presence, in
at least one artery, of a carotid lesion that reduced the diameter of the artery by at least 50%."

Smoking history: 273 smokers

Inclusion criteria: "people with a cervical bruit audible to a study physician were eligible."

Exclusion criteria: "people were excluded if they had a history of symptomatic ischaemic cerebrovas-
cular disease, valvular heart disease other than mitral valve prolapse, nonvalvular atrial fibrillation, re-
cent (< 3 months before study entry) MI or unstable angina, previous carotid endarterectomy, medical-
ly necessary use of aspirin or regular use of nonsteroidal anti-inflammatory drugs, use of anticoagulant
agents, life expectancy of less than 5 years, and allergy to or intolerance of aspirin compounds."

Interventions Intervention: enteric-coated aspirin, 325 mg/day

Comparison: placebo

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcomes: "the first event in the composite end point, which consisted of TIA, stroke, MI, un-
stable angina, or death."

Secondary outcomes: combinations of outcomes: "1) TIA, stroke, MI, unstable angina, and death from
vascular causes; 2) stroke, MI, and death from vascular causes; 3) TIA and stroke; 4) stroke and death
from vascular causes; and 5) MI, unstable angina, and death from vascular causes."

Time points reported: "clinical evaluations by a study physician and nurse coordinator, as well as du-
plex ultrasonography, were repeated for all participants at 6-month intervals throughout the 6-year pe-
riod."

Notes Funding for trial: "the study medication and placebo were provided by Merck-Frosst Canada Inc., Kirk-
land, Quebec, and secretarial assistance was provided by Sandy Lavigne."

Notable conflicts of interest of trial authors: no details given

Côté 1995  (Continued)
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Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Eligible participants were allocated to receive either one aspirin or
placebo tablet per day on the basis of a centrally determined blocked ran-
domisation arrangement."

Allocation concealment
(selection bias)

Low risk Quote: "The treatment codes were only available centrally to the monitoring
committee and locally to the pharmacist-in-chief of each institution."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Aspirin was supplied as 325 mg enteric-coated tablets in plastic bot-
tles that contained enough tablets for 6 months (approximately 200 tablets).
The placebo tablets were identical in appearance and packaging."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The central adjudication committee verified participant eligibility and
conducted blinded review of all outcome events reported in the study."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All exclusions reported with reasons and by study group

Selective reporting (re-
porting bias)

Low risk All outcomes reported

Other bias Low risk No evidence of other bias

Côté 1995  (Continued)

 
 

Study characteristics

Methods Study design: prospective, randomised, double-blind, multinational trial

Total duration of study: 4 years

Details of any 'run-in' period: 4-week placebo wash-out period

Number of study centres and location: 410 clinical units in France, Germany, Greece, Italy, Spain,
Sweden, and the UK

Study setting and date of study: outpatients; June 1994 to November 1995

Participants Number randomised: 2334 participants

Number lost to follow-up/withdrawn: 43 atenolol and 49 lacidipine participants lost to follow-up

Number analysed: 2035 participants

Number of interest: 2035 participants

Mean age: "mean age of patients was 55.9 years in atenolol group and 56.1 years in lacidipine group."

Age range: 45 to 75 years old

Gender: 1115 men and 920 women

ELSA 2002 
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Severity of condition: no details given

Diagnostic criteria: "sitting systolic blood pressure (SBP) of 150 to 210 mmHg and diastolic blood
pressure (DBP) of 95 to 115 mmHg."

Smoking history: 417 current smokers

Inclusion criteria: "both sexes, aged 45 to 75 years, with sitting systolic blood pressure (SBP) 150 to
210 mmHg and diastolic blood pressure (DBP) 95 to 115 mmHg, fasting serum total cholesterol concen-
tration < 320 mg/dL, fasting serum triglyceride concentration < 300 mg/dL, serum creatinine concen-
tration < 1.7 mg/dL and a readable ultrasound carotid artery scan with maximum intima–media thick-
ness (IMT) no greater than 4.0 mm"

Exclusion criteria: "the main exclusion criteria were a recent MI or stroke and insulin-dependent dia-
betes mellitus"

Interventions Intervention: lacidipine 4 mg once daily

Comparison: atenolol 50 mg once daily

Concomitant medications: open-label hydrochlorothiazide added (12.5 mg daily month 3 and 25 mg
daily month 6)

Excluded medications: no details given

Outcomes Primary outcome: "the change in mean maximum IMT of the 4 far walls in the distal common carotids
and carotid bifurcations bilaterally (CBMmax) during 4 years."

Secondary outcomes: "increase or decrease in plaque number (focal IMT of 1.3 mm) at study-end, and
incidence of fatal and nonfatal cardiovascular events and total mortality."

Time points reported: "duplicate carotid scans were performed by certified sonographers at 23 refer-
ral centres between beginning of run-in and randomisation, and subsequently at yearly intervals; scans
were performed 4 years after randomisation in participants who withdrew prematurely."

Notes Funding for trial: "ELSA was an investigator-generated trial, sponsored by GlaxoSmithKline Italy,
Verona and Boehringer Ingelheim International GmbH, Ingelheim am Rhein."

Notable conflicts of interest of trial authors: "all authors have received research grants and lecture
honoraria from either Boehringer Ingelheim or GlaxoSmithKline. Dr Eckes is an employee of Boehringer
Ingelheim. Dr Rizzini is an employee of GlaxoSmithKline."

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was computer-generated, using separate lists for each
referral center with a block size of 4."

Allocation concealment
(selection bias)

Low risk Quote: "Randomization was computer-generated, using separate lists for each
referral center with a block size of 4."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Patients and study personnel, excluding the Safety Committee, were
blinded to treatment assignment for the study duration."

ELSA 2002  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Scans of any individual patient were assigned to the same reader, but
the scan time-sequence was randomized so that the reader was blind to the
time of recording."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All prespecified outcomes reported

Selective reporting (re-
porting bias)

Low risk All outcome measures have been reported in the results section

Other bias Low risk No other source of bias detected

ELSA 2002  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind, placebo-controlled trial

Total duration of study: 5 years

Details of any 'run-in' period: "at the completion of visit 3, eligible participants received lovastatin
placebo pills and open-labelled warfarin pills (1 mg). Participants were masked to the identity of the
placebo and were told to take one of each kind of pill daily for 21 to 28 days (until the next [baseline]
visit) to rule out any reaction to either medication."

Number of study centres and location: clinical centres at four academic institutions (Bowman Gray
School of Medicine and the Universities of Iowa, Kentucky, and Tennessee)

Study setting and date of study: outpatients of community clinics; May 1988 to June 1993

Participants Number randomised: 919 participants

Number lost to follow-up/withdrawn: "lovastatin/LP or warfarin/WP were prematurely discontinued
in 118 and 116 participants, respectively; 94 people stopped both medications. Blind breaks occurred
in 11 people."

Number analysed: 919 participants

Number of interest: 919 participants

Mean age: "mean age 61.7 years in lovastatin plus warfarin group, 61.9 years in lovastatin plus warfarin
placebo, 62 years in lovastatin placebo plus warfarin and 61.3 years in lovastatin placebo plus warfarin
placebo."

Age range: 40 to 79 years old

Gender: 474 men and 445 women

Severity of condition: free of a history of MI, severe angina, stroke, or TIA

Diagnostic criteria: "low-density lipoprotein cholesterol values ranging from either 130 to 159 mg/
dL (regardless of the number of coronary risk factors) or 160 to 189 mg/dL (with 1 coronary risk factor)
with at least one carotid artery intima-medial wall thickening > 1.5 mm (common or internal carotid
artery) or > 1.6 mm (bifurcation) and less than 3.5 mm (common, internal, or bifurcation)"

Smoking history: current smokers: 109, former smokers: 408

Inclusion criteria

Furberg 1994 
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• "40 to 79 years inclusive

• Serum LDL 130 to 159 mg/dL with any number of coronary risk factors

• Serum LDL 160 to 189 mg/dL with ~1 coronary risk factor

• Triglycerides ~400 mg/dL

• At least one B-mode image measurement reflecting an intimal + medial wall thickness ~1.5 mm (com-
mon or internal carotid) or 1.6 mm (bifurcation) and ~3.5 mm"

Exclusion criteria

• "Uncontrolled hypertension (DBP > 94 mmHg, SBP > 180 mmHg)

• History of definite MI, angina pectoris on chronic therapy, stroke or definite TIA

• Use of lipid-lowering agents within the last year

• Regular use of anticoagulants

• ALT 1.2 times the upper limit of normal

• History of allergies or intolerance to lovastatin or warfarin

• Bleeding disorder or family history of bleeding disorders that contraindicates use of antithrombotic
drugs

• Prothrombin time > 16.8 sec (equal to an INR > 2.0) during 1-mg warfarin test dosing

• History of other serious competing medical conditions that might limit longevity or treatment

• Alcohol consumption > 14 drinks per week

• Personality unsuitable for participation

• Women who are pregnant or lactating or are of childbearing potential and are not practising birth
control

• Plans to move or travel extensively during duration of study

• Participation in another research study

• Compliance < 80% to placebo and warfarin during run-in and test dosing."

Interventions Intervention: "warfarin was administered in a fixed 1 mg daily dose. The initially assigned dose of lo-
vastatin was 20 mg per day. The goal was to lower the LDL cholesterol to a value of 90 to 110 mg/dL
(2.31 to 2.85 mmol/L). The dosage of lovastatin was doubled if serum levels were above that range after
an average 4.5 months of treatment."

Comparison: placebo

Concomitant medications: "all participants were encouraged to use open-label aspirin (81 mg/day)
unless there was a contraindication for its use."

Outcomes Primary outcome: "change over time (i.e. the slope) during the course of treatment in the mean of
maximum IMT across up to 12 preselected segments in the carotid arteries."

Secondary outcome: "progression of the single maximum IMT measurement among the same prese-
lected carotid artery segments."

Time points reported: "regular clinic visits were scheduled every 6 weeks for the first 15 months and
quarterly thereafter to permit safety monitoring. Fasting lipid profiles were obtained during follow-up
at 1.5, 3, 6, and 12 months and then annually. B-mode ultrasonography was conducted semiannually.
ALT and urine were examined at every visit. Drug adherence was assessed by pill count and participant
report of usage. The annual visits involved a brief physical examination and dietary assessment."

Notes Funding for trial: "this study was supported by grants from the National Heart, Lung, and Blood Insti-
tute, National Institutes of Health, Bethesda, Md (R01-HL-38194); Merck, Sharp and Dohme Research
Laboratories, West Point, PA; and DuPont Pharmaceuticals, Wilmington, DE. Drugs were supplied by
Merck, Sharp and Dohme (lovastatin), Du Pont Pharmaceuticals (warfarin), and Sterling Drug Company,
NewYork, NY (aspirin)."

Notable conflicts of interest of trial authors: no details given

Protocol: NCT00000469
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The principal components of the randomization system were the com-
puterised randomization list (devised in randomized blocks of 4 and 8) and
the randomization program that confirmed participant eligibility and assigned
the next identification number, which represented one of the four treatment
groups"

Allocation concealment
(selection bias)

Low risk Quote: "All data collection and adjudication was done by investigators who
were unaware of treatment allocation."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "The medications were formulated to maintain blinding of the partici-
pants and investigators."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All data collection and adjudication was done by investigators who
were unaware of treatment allocation."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All exclusions reported with reasons and by study group

Selective reporting (re-
porting bias)

Low risk All outcomes reported

Other bias Low risk No evidence of other bias

Furberg 1994  (Continued)

 
 

Study characteristics

Methods Study design: primary-prevention, randomised, double-blind, placebo-controlled study with factorial
design

Total duration of study: 3 years

Details of any 'run-in' period: no details given

Number of study centres and location: single centre, Sweden

Study setting and date of study: outpatients; November 1994 to February 1999

Participants Number randomised: 793 participants

Number lost to follow-up/withdrawn: "168 participants were not included due to GSM protocol viola-
tion (i.e. 30, 46, 52 and 40 participants, respectively, in the four treatment groups). The reason for exclu-
sion was withdrawal (n = 68), did not attend all visits (n = 53) or missing 36-month follow-up ultrasound
examination (n = 47)."

Number analysed: 793 participants

Number of interest: 793 participants

Mean age: 61.8 +/-5.3 years

Hedblad 2001 
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Age range: 49 to 70 years

Gender: 361 men and 432 women

Severity of condition: no symptoms of carotid artery disease

Diagnostic criteria: "plaque in right carotid artery, plaque > 10 mm2 at baseline and after 36-month
follow-up, feasible for measurement of GSM."

Smoking history: 244 smokers

Inclusion criteria: "plaque in the right carotid artery but with no symptoms of carotid artery disease"

Exclusion criteria: "history of MI, angina pectoris, or stroke within the preceding 3 months; history of
surgical intervention in the right carotid artery; regular use of beta-blockers or statins; blood pressure
160 (systolic) or 95 (diastolic) mmHg; total cholesterol 8.0 mmol/L; hyperglycaemia suspected to re-
quire insulin treatment; and conditions that in the opinion of the investigator rendered the person un-
suitable for the trial."

Interventions Intervention: metoprolol CR/XL (25 mg once daily)/fluvastatin (40 mg once daily)

Comparison: placebo/placebo, metoprolol CR/XL (25 mg once daily)/placebo, fluvastatin (40 mg once
daily)/placebo

Concomitant medications: lipid-lowering therapy

Excluded medications: no details given

Outcomes Primary outcomes: "change in mean IMT (IMTmean) in the common carotid artery (10-mm long sec-
tion) and change in maximum IMT (IMTmax) in the carotid bulb."

Secondary outcomes: "adverse events, laboratory findings, mortality, and incidence of myocardial in-
farction and stroke."

Time points reported: "During the first year, visits occurred after 1, 3, 6, and 12 months and every 6
months thereafter. Weight was measured every 6 months, and a fasting lipid profile (total cholesterol,
LDL lipoprotein, HDL lipoprotein, and triglycerides) was determined every year. Liver transaminas-
es (AST, ALT) and creatine kinase were obtained at every visit during the first year and then every year
thereafter. AST or ALT values 3 times and creatine kinase values 10 times the upper limit of normal were
considered elevated during the study. Carotid ultrasound investigation was performed at baseline and
after 18 and 36 months of treatment."

Notes Funding for trial: "this study was supported by grants from AstraZeneca Pharmaceuticals, Mölndal,
Sweden."

Notable conflicts of interest of trial authors: "John Wikstrand was a former senior medical adviser at
AstraZeneca, at present professor emeritus at the Wallenberg Laboratory for Cardiovascular Research
at Sahlgrenska Academy at Gothenburg University, Sweden. There are no other conflicts of interest."

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Subjects were randomly allocated to 1 of 4 treatment groups accord-
ing to a factorial design."

Allocation concealment
(selection bias)

Low risk Quote: "Subjects were randomly allocated to 1 of 4 treatment groups accord-
ing to a factorial design."

Hedblad 2001  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "BCAPS was a randomized, double blind, placebo-controlled, single
center clinical trial."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The Data and Safety Monitoring Board, consisting of independent sci-
entists with expertise in fields relevant to BCAPS, regularly monitored toxici-
ty and blinded outcome data" and "Each image was analysed without knowl-
edge of the subject’s randomization group."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All exclusions reported with reasons

Selective reporting (re-
porting bias)

Low risk All outcomes reported

Other bias Low risk No evidence of other bias

Hedblad 2001  (Continued)

 
 

Study characteristics

Methods Study design: randomised

Total duration of study: 12 weeks

Details of any 'run-in' period: no details given

Number of study centres and location: 1 centre, Nanjing University Drum Tower Hospital, Nanjing,
China

Study setting and date of study: outpatients; 2006 to 2007

Participants Number randomised: 43 participants

Number lost to follow-up/withdrawn: no details given

Number analysed: 43 participants

Number of interest: 43 participants

Mean age: 57.0 ± 1.4

Age range: no details given

Gender: 23 men and 20 women

Severity of condition: Type 2 diabetic patients

Diagnostic criteria: "participants with significant carotid plaques were defined as carotid IMT > 1.2
mm. IMT ≥ 0.9 mm with or without carotid plaques were defined as having carotid atherosclerosis"

Smoking history: no details given

Inclusion criteria: "Type 2 diabetes was diagnosed based on diagnostic criteria of the American Dia-
betes Association."

Hu 2009 
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Exclusion criteria: "all participants had no history of heart, liver, kidney, and lung diseases, and had
no overt acute or chronic infection, trauma, or surgery during the follow-up period."

Interventions Intervention: 40 mg simvastatin

Comparison: control group without simvastatin treatment

Concomitant medications: routine medication (e.g. insulin, metformin, sulfonylurea) for glucose con-
trol

Excluded medications: no details given

Outcomes Primary outcome: changes in adipokines and inflammation markers measurements

Secondary outcomes: "Lipids in plasma and fractionated lipoproteins were analysed"

Time points reported: "monthly during the three-month study period"

Notes Funding for trial: "the study was partially supported by Chinese Natural Science Fund #30671004,
Jiangsu Natural Science Fund #BK2006006, Nanjing Targeted Science and Technology Development
Fund #ZKX06014."

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "a single trained operator blind to the study group."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Participants lost to follow-up/withdrawn not reported

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Hu 2009  (Continued)
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Methods Study design: prospective, randomised, open-label, blinded end points, two-arm, parallel treatment
group

Total duration of study: 1 year

Details of any 'run-in' period: no details given

Number of study centres and location: 15 centres in Japan

Study setting and date of study: outpatients; August 2007 to September 2009

Participants Number randomised: 303 participants

Number lost to follow-up/withdrawn: "80 lost to follow-up, withdrew consent, did not receive study
drug, did not complete end point assessment or IMT was not performed or analysable"

Number analysed: 223 participants

Number of interest: 223 participants

Mean age: 66.3 years

Age range: 20 to 80 years

Gender: 174 men and 129 women

Severity of condition: no details given

Diagnostic criteria: "LDL-C at the time of enrolment was no less than 100 and common carotid IMT
was 1.1 mm and over."

Smoking history: 32 current smokers

Inclusion criteria

• "Diagnosed as having hyperlipidaemia

• LDL-C at the time of enrollment is no less than 100

• Common carotid IMT is 1.1 mm and over"

Exclusion criteria

• "Received or planned to receive intervention on carotid arteries during the study period

• Overt liver dysfunction (ALT; 100 IU/L and over)

• Overt renal dysfunction (serum creatinine; 2.0 mg/dL and over)

• Receiving cyclosporin

• Hyperreactive to pitavastatin

• During pregnancy or lactation"

Interventions Intervention: pitavastatin, starting at 4 mg daily

Comparison: pitavastatin, starting at 2 mg daily

Concomitant medications: aspirin, ticlopidine, clopidogrel, beta-blocker, RA inhibitor, PPAR-g ago-
nist, sulfonylurea, a-GI, BG, insulin, calcium blocker, nitrate, diuretic, aldosterone blocker, warfarin, an-
tiarrhythmic agent

Excluded medications: no details given

Outcomes Primary outcome: "absolute changes in carotid intima-media thickness"

Secondary outcomes:

• "relative change in carotid intima-media thickness

Ikeda 2013  (Continued)

Pharmacological interventions for asymptomatic carotid stenosis (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

65



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• change in LDL-C, HDL-C, TG and RLP-C

• change in hs-CRP and IL-6

• new onset or recurrence of ischaemic heart disease, heart failure, stroke, and atherosclerosis obliter-
ans

• sudden death

• side effects."

Time points reported: 12 months

Notes Funding for trial: self-funding

Notable conflicts of interest of trial authors: no details given

Protocol: UMIN000001229

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Enrolled patients were randomly assigned to intensive or moderate
therapy in a 1:1 ratio."

Allocation concealment
(selection bias)

Low risk Quote: "Treatment allocation was computer-generated by a central random-
ization facility using a stratified randomization for prognostic factors includ-
ing gender, presence or absence of diabetes mellitus (DM), age and history of
coronary artery disease (CAD)."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The data of carotid ultrasonography were all sent to a core center (Sai-
seikai Shiga Prefecture Hospital) and analyzed by one sonographer blinded to
the randomization and all clinical information."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All prespecified outcomes reported

Selective reporting (re-
porting bias)

Low risk All outcome measures reported in the results section

Other bias Low risk No other source of bias detected

Ikeda 2013  (Continued)

 
 

Study characteristics

Methods Study design: open-label, randomised, prospective study

Total duration of study: 12 months

Details of any 'run-in' period: no details given

Number of study centres and location: 6 centres, Thessaloniki and Athens, Greece

Kadoglou 2010 
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Study setting and date of study: "internal medicine due to cerebrovascular ischaemic events or indi-
viduals visiting our outpatient department with more than two cardiovascular risk factors" ; no details
given

Participants Number randomised: 140 participants

Number lost to follow-up/withdrawn: "9 participants did not complete all measurements. 2 of them
experienced TIA (group A), 1 had a heart attack (group A), 2 participants underwent coronary angio-
plasty (group B), 2 participants (1 in group A and 1 in group B) discontinued therapy due to liver en-
zymes elevation associated with atorvastatin usage and 2 participants from both groups were lost to
follow-up."

Number analysed: 131 participants

Number of interest: 90 participants (41 symptomatic participants excluded)

Mean age: "64.76 +/- 7.31 in moderate lipid-lowering therapy group (atorvastatin 10 mg) and 63.26 +/-
6.76 in aggressive lipid-lowering therapy (atorvastatin 80 mg)."

Age range: 50 to 75 years old

Gender: 60 men and 71 women

Severity of condition: carotid stenosis of at least one internal carotid artery

Diagnostic criteria: "symptomatic subgroup had recently, within 10 days, experienced cerebrovascu-
lar event (non-disabling ischaemic stroke, TIA, amaurosis fugax). After the co-evaluation of medical his-
tory, neurological signs, and brain computed tomography and/or magnetic resonance imaging findings
that event had been attributed to ipsilateral carotid stenosis. On the other hand, the absence of focal
neurological symptoms and ischaemic lesions in CT and/or MRI scan characterised asymptomatic pa-
tients with carotid stenosis."

Smoking history: 22 smokers

Inclusion criteria: "people with carotid stenosis of at least one internal carotid artery (ICA), but with-
out indications for carotid revascularisation."

Exclusion criteria: "autoimmune or life-threatening diseases, absence of discrete carotid plaques, in-
dications for carotid revascularisation, recently diagnosed/untreated hypothyroidism, osteoporosis,
coronary artery disease, overt cardiac-origin symptoms, liver (ALT > 2.5 times higher than the upper
normal limit) or renal (creatinine levels > 2.0 mg/dL) impairment, ongoing use of lipid-lowering medica-
tions, and contraindications to the use of statins."

Interventions Intervention: atorvastatin (10 mg/day or 20 mg/day) to target LDL < 100 mg/dL

Comparison: atorvastatin (80 mg/day) to target LDL < 70 mg/dL

Concomitant medications: "an antiplatelet regimen (acetylsalicylic acid 100 mg/day or clopidogrel 75
mg/day) was prescribed to all participants. Concomitant antihypertensive and hypoglycaemic medica-
tions remained unaltered, unless it was considered medically necessary."

Excluded medications: no details given

Outcomes Primary outcomes: measurement of the carotid plaque echogenicity, assessed by Gray-Scale Median
(GSM) score and measurement of the serum OPN and OPG levels

Secondary outcomes: measurement of blood pressure, lipid and glycaemic indexes; hs-CRP

Time points reported: "ultrasound of both carotids was performed at baseline and at the end of the
study. Blood samples were obtained after an overnight fast at baseline and at the end of the study."

Notes Funding for trial: no details given

Kadoglou 2010  (Continued)
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Notable conflicts of interest of trial authors: "the editors and reviewers of this article have no rele-
vant financial relationships to disclose."

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Image acquisition and GSM measurements were performed by a sin-
gle, experienced, operator blinded to patients’ history and assignment."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Kadoglou 2010  (Continued)

 
 

Study characteristics

Methods Study design: randomised, comparative, open-label trial

Total duration of study: 12 months

Details of any 'run-in' period: no details given

Number of study centres and location: 2 centres in Mexico

Study setting and date of study: outpatients; no details given

Participants Number randomised: 90 participants

Number lost to follow-up/withdrawn: 26 participants were removed from the study

Number analysed: 90 participants

Number of interest: 90 participants

Mean age: "59 +/- 7 in group A, 57 +/- 8 in group B and 58 +/- 9 in group C."

Age range: 40 to 72 years

Meaney 2009 
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Gender: 44 men and 53 women

Severity of condition: high-risk coronary patients

Diagnostic criteria: "10-year absolute risk for coronary death or myocardial infarction > 20 according
to the ATP III recommendations."

Smoking history: no details given

Inclusion criteria: "any gender, aged 40 to 72 years, with a 10-year absolute risk for coronary death or
MI > 20 according to the ATP III recommendations. None of the participants had received ezetimibe pre-
viously, but the vast majority of them had received statins, generally at low or very low doses."

Exclusion criteria: "people with severe systemic diseases, including liver diseases, chronic renal fail-
ure, heart failure, malignancies, autoimmune diseases, AIDS, or a history of alcohol or other drug
abuse, pregnant or fertile women without a totally reliable contraception method or breastfeeding
mothers."

Interventions Intervention and comparison:

Group A: pravastatin 40 mg once daily

Group B: simvastatin 40 mg once daily

Group C: combination of 20 mg of simvastatin and 10 mg of ezetimibe

Concomitant medications: "if the therapeutic goals were not attained (< 100 mg/dL of low-density
lipoprotein cholesterol for type C and < 70 mg for type D), participants in group A received pravastatin
40 mg and ezetimibe 10 mg, group B received simvastatin 80 mg, and group C received simvastatin 40
mg and ezetimibe 10 mg."

Excluded medications: no details given

Outcomes Primary outcome: "change of IMT over the course of 1 year."

Secondary outcomes: "changes in LDL and in high sensitive C-reactive protein (CRPhs)"

Time points reported: "the participants were evaluated every 2 months clinically and for the detection
of secondary effects. Lipids were analysed at 2 months and 6 months after randomisation for titration
purposes, as well as at the end of the trial 1 year later. Vascular ultrasounds and C-reactive proteins
(CRP) were conducted and measured, respectively, at the beginning and at the end of the trial."

Notes Funding for trial: "we acknowledge our gratitude to the following institutions that gave us unrestrict-
ed research grants: Merck Sharp & Dohme, Mexico; the Mexican Association for the Prevention of Ath-
erosclerosis and its Complications (AMPAC); and the National Association of Cardiologists serving the
State Employees (ANCISSSTE)"

Notable conflicts of interest of trial authors: "the design of the study, the conduct of the trial, and
the analysis of the data were done only by the investigators"

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Low risk Quote: "Ninety patients were randomly allocated to 1 of 3 groups of 30 pa-
tients each."

Meaney 2009  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "Each group was assigned a different open-label treatment."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Carotid IMT was measured by a trained ultrasonographer who was
blinded to all clinical and treatment information."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All prespecified outcomes reported

Selective reporting (re-
porting bias)

Low risk All outcome measures have been reported in the results section

Other bias Low risk No other source of bias detected

Meaney 2009  (Continued)

 
 

Study characteristics

Methods Study design: multicentre, parallel group, randomised, placebo-controlled, double-blind clinical trial

Total duration of study: 3 years

Details of any 'run-in' period: "6 weeks single-blind run-in period in which they were treated with
placebo and advised to follow a low-fat diet meeting the recommendations of the European Athero-
sclerosis Society."

Number of study centres and location: seven Lipid Clinics of Academic Medical Centres (Universities
of Milan, Padua, Trieste, Bologna, Perugia, Rome and Naples), Italy

Study setting and date of study: outpatients; March 1991 to June 1995

Participants Number randomised: 305 participants

Number lost to follow-up/withdrawn: "12 of 42 dropouts suffered a serious adverse event: 5 of 12
events (4 MIs and 1 angina requiring coronary revascularisation) were of cardiovascular origin with 3
occurring in the pravastatin-treated group. Cancer was detected in 7 participants (3 in the pravastatin
group and 4 in the placebo group)."

Number analysed: 305 participants

Number of interest: 305 participants

Mean age: 55 years old

Age range: 45 to 65 years

Gender: 162 men and 143 women

Severity of condition: hypercholesterolaemia

Diagnostic criteria: "LDL cholesterol levels between 3.88 and 6.47 mmol/L and triglycerides level <
2.82 mmol/L."

Smoking history: 73 smokers

Mercuri 1996 
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Inclusion criteria: "male and female outpatients from the seven participating centres, without symp-
toms, signs or clinical history of CHD were screened (people with controlled hypertension, taking ACE-
inhibitors were eligible). Eligibility required ultrasonographic evidence of at least one uncomplicated
carotid atherosclerotic lesion (clinically asymptomatic) in which the IMT ranges between 1.3 and 3.5
mm. The selected participants had, on at least 3 baseline determinations, a low-density lipoprotein
(LDL) cholesterol level, calculated according to Friedewald formula, between 150 and 250 mg/dL."

Exclusion criteria: "plasma triglycerides > 250 mg/dL; uncontrolled hypertension with diastolic BP >
95 mmHg; history of myocardial infarction, angina pectoris on chronic treatment, stroke, TIA, or inter-
mittent claudication; regular use of lipid-lowering agents, anticoagulants or calcium channel block-
ers; persistent liver function abnormalities; history of allergies or intolerance to HMG CoA reductase in-
hibitors; other serious medical conditions (cancer, Type I or II diabetes), endocrine disorders, excessive
ethanol consumption (> 50 g/day); chronic smoking (> 10 cigarettes/day)."

Interventions Intervention: 40 mg pravastatin

Comparison: placebo

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: "progression of early uncomplicated carotid lesions."

Secondary outcome: "assessment of the drug safety, the evaluation of the effects of treatments on
blood lipids, and to monitor morbid and fatal events."

Time points reported: "all participants were seen every 3 months at their respective referral clinical
centres."

Notes Funding for trial: "Bristol-Myers Squibb S.p.A. Italy, and in part by a grant from the Italian National Re-
search Council."

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Independent co-ordinating centre controlled allocation."

Allocation concealment
(selection bias)

Low risk Quote: "Independent co-ordinating centre controlled allocation."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "patients were double blindly randomized to either pravastatin (40 mg
once daily) or its placebo manufactured to exactly resemble the pravastatin
tablets." and "Double-blind: participants and personnel."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The video-recorded examinations were interpreted centrally by read-
ers masked to patient information using image processing workstations (PC
with 286 microprocessors, image processing)."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All prespecified outcomes reported

Quote: "ITT used, 13% dropped out"

Mercuri 1996  (Continued)
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Selective reporting (re-
porting bias)

Low risk All outcome measures have been reported in the results section

Other bias Low risk No other source of bias detected

Mercuri 1996  (Continued)

 
 

Study characteristics

Methods Study design: prospective, randomised, open-label, blinded end-point evaluation, multicentre, paral-
lel-group, comparative study

Total duration of study: 1 year

Details of any 'run-in' period: no details given

Number of study centres and location: 1 centre in Japan

Study setting and date of study: outpatients; June 2008 to April 2011

Participants Number randomised: 348 participants

Number lost to follow-up/withdrawn: 50 lost to follow-up

Number analysed: 314 participants

Number of interest: 314 participants

Mean age: mean age of participants was 63.9 +/- 8.9 years in rosuvastatin group and 63.3 +/- 9.1 years
in pravastatin group

Age range: 20 years and older

Gender: 155 men and 159 women

Severity of condition: no details given

Diagnostic criteria: "hypercholesterolaemia and a maximum IMT ≥ 1.1 mm as measured with B-mode
ultrasound at the posterior wall of the common carotid artery."

Smoking history: 61 current smokers

Inclusion criteria

• "Hypercholesterolemia (LDL-C>=140 mg/dL)

• Patients with a max-IMT level of 1.1 mm or greater

• Hospital stay or hospital visit: no object.

• Patients who are able to submit written consent agreement by themselves."

Exclusion criteria

• "Patients that require lipid-lowering therapy other than the study drug or specified lipid-lowering
drugs (anion-exchange resin, probucol, and ethyl icosapentate (EPA))

• Patients who have taken statins within one month before the start of the clinical trial.

• Patients suspected of having serious carotid artery stenosis (greater than 80%) or having serious cal-
cification.

• Patients with familial hypercholesterolemia or secondary hypercholesterolemia.

• Patients with fasting serum TG >= 400 mg/dL.

• Patients with a history of sensitivity to statins.

Nohara 2012 

Pharmacological interventions for asymptomatic carotid stenosis (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

72



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Patients with uncontrolled hypertension.

• Patients with Type I diabetes or uncontrolled Type II diabetes.

• Patients who have experienced myocardial infarction or a cerebral stroke within 3 months or Patients
with serious heart failure (NYHA class III to IV).

• Patients with active hepatic disease.

• Patients with renal disorder (Cr >= 2.0 mg/dL or Ccr < 30 mL/min/1.73m2).

• Patients with CK > 500 IU/L.

• Patients currently being treated with cyclosporine.

• Patients that are pregnant or potentially pregnant, patients breast-feeding, or patients aiming to be-
come pregnant during the clinical trial.

• Patients with or suspected of having a malignant tumor, or patients with a history of malignant tumor
except for the patients in whom recurrences have not been confirmed by routine observation after
treatment.

• Patients with hypothyroidism, hereditary muscular diseases (muscular dystrophy, etc.) or familial his-
tory of these diseases. Patients with history of drug-related muscular disorder.

• Patients with drug abuse or alcoholic.

• Patients who are ineligible in the opinion of the investigator."

Interventions Intervention: "5 mg rosuvastatin orally administered once daily for 2 years Target LDL-C levels were
80 mg/dL for primary prevention, and 70 mg/dL for secondary prevention. If these levels were not
achieved, doses were gradually increased (e.g. rosuvastatin (10 mg/day), rosuvastatin (10 mg/day) +
another hypolipidemic drug)."

Comparison: "10 mg pravastatin orally administered once daily for 2 years. Target LDL-C levels were in
compliance with JASGL (Japan Atherosclerosis Society Guidelines for Lipids) 2007. If these levels were
not achieved, doses were gradually increased (e.g. pravastatin (20 mg/day), pravastatin (20 mg/day) +
another hypolipidemic drug)."

Concomitant medications: "the investigator in charge was allowed to administer combination thera-
py with anion-exchange resin, probucol or EPA, if the increased dose of each test drug failed to reduce
the target LDL-C level."

Excluded medications: no details given

Outcomes Primary outcome: "the percent changes from baseline in mean-IMT at the end of 24 months."

Secondary outcomes:

• "percent change in mean-IMT

• percent change in max-IMT of the distal wall of the common carotid artery (IMT-Cmax- distal wall)

• percent change in IMT-Cmax of the common carotid artery, IMT-Bmax of the carotid sinus, and IMT-
Imax of the internal carotid artery

• Percentage of cases in which mean-IMT decreased at the end of 12 months and 24 months

• percent change in the LDL-C/HDL-C ratio

• Percentage of cases in which the LDL-C/HDL-C ratio was ≤ 1.5 at the end of 12 months and 24 months

• Percentage of cases in which the LDL-C/ HDL-C ratio was ≤ 2.0 at the end of 12 months and 24 months

• Correlation between the LDL-C/HDL-C ratio and max-IMT

• Correlation between the LDL-C/HDL-C ratio and mean-IMT

• percent change of serum lipids (LDL-C, HDL-C, and TG), glycosylated haemoglobin (HbA1C), systolic
blood pressure, and diastolic blood pressure

• JASGL2007 achievement ratio according to the management target level of LDL-C

• Cumulative incidence and content of cardiovascular and cerebrovascular events
◦ Cardiac events

◦ Cerebrovascular events."

Time points reported

Nohara 2012  (Continued)
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"Follow-up visits were scheduled at 1, 2, 4, 6, 12, 18, and 24 months. At each visit, serum levels of lipids
(LDL-C, HDL-C, and TG) were measured. Treatment compliance was also investigated at each follow-up
visit. Laboratory tests were performed at 1, 4, 6, 12, and 24 months. Laboratory data were analysed at
the central laboratory. Systolic and diastolic blood pressure were measured at 0 (baseline), 12, and 24
months. Participants were scheduled to undergo ultrasonographic examinations at 0 (within 3 months
before enrollment), 12, and 24 months."

Notes Funding for trial: a Japan Heart Foundation Research Grant supported this study

Notable conflicts of interest of trial authors: no details given

Protocol: UMIN000001174

"Trial terminated early because intensive therapy arm showed superiority to conventional therapy
arm."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Treatment allocation was computer-generated by a central random-
ization facility using a dynamic allocation method with balancing factors of
maximum IMT, serum LDL-C level, presence/ absence of DM (including im-
paired glucose tolerance), and center."

Allocation concealment
(selection bias)

Low risk Quote: "Treatment allocation was computer-generated by a central random-
ization facility using a dynamic allocation method with balancing factors of
maximum IMT, serum LDL-C level, presence/ absence of DM (including im-
paired glucose tolerance), and center."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "A single observer who was blinded to the treatment assignments mea-
sured the meanIMT in the core laboratory using Intimascope®" and "Open - but
assessor(s) are blinded."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All prespecified outcomes reported

Selective reporting (re-
porting bias)

Low risk All outcome measures have been reported in the results section

Other bias Low risk No other source of bias detected

Nohara 2012  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind, placebo-controlled trial

Total duration of study: 2 years

Details of any 'run-in' period: no details given

Norris 1990 
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Number of study centres and location: 3 centres, Universities of Toronto, Ottawa and London (Cana-
da); Linkoping (Sweden) and Melbourne (Australia)

Study setting and date of study: no details given

Participants Number randomised: 162 participants

Number lost to follow-up/withdrawn: 17 lost to follow-up

Number analysed: 145 participants

Number of interest: no details given

Mean age: no details given

Age range: no details given

Gender: no details given

Severity of condition: asymptomatic carotid stenosis

Diagnostic criteria: no details given

Smoking history: no details given

Inclusion criteria: no details given

Exclusion criteria: no details given

Interventions Intervention: metoprolol and aspirin

Comparison: placebo

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: evaluate carotid Doppler and clinical data

Secondary outcome: no details given

Time points reported: 18 months

Notes Funding for trial: no details given

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details given

Allocation concealment
(selection bias)

Unclear risk No details given

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "We conducted a randomised double-blind placebo-controlled trial of
metoprolol and aspirin ..."

Norris 1990  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "We conducted a randomised double-blind placebo-controlled trial of
metoprolol and aspirin ..."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk No details given

Selective reporting (re-
porting bias)

Unclear risk No details given

Other bias Low risk No details given

Norris 1990  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind trial

Total duration of study: no details given

Details of any 'run-in' period: no details given

Number of study centres and location: Vascular Surgery Unit of Belfast City Hospital

Study setting and date of study: outpatients; August 2001 to February 2003

Participants Number randomised: 28 participants

Number lost to follow-up/withdrawn: no details given

Number analysed: 28 participants

Number of interest: 28 participants

Mean age: 70 (1.5) years in placebo group and 71 (1.3) years in pravastatin group

Age range: no details given

Gender: no details given

Severity of condition: carotid artery disease

Diagnostic criteria: no details given

Smoking history: 35 smokers

Inclusion criteria: "people with carotid artery disease not undergoing surgery and with cholesterol
concentration less than 5.5 mmol/L."

Exclusion criteria: "patients were excluded if they were already on a cholesterol-lowering drug or had
previous carotid endarterectomy."

Interventions Intervention: pravastatin 40 mg daily

Comparison: placebo

Concomitant medications: no details given

Excluded medications: no details given

Reid 2005 
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Outcomes Primary outcome: combined measure of IMT of the right and leR CCAs

Secondary outcome: serological measurements of cholesterol concentration

Time points reported: 3, 6, and 9 months following randomisation

Notes Funding for trial: Bristol-Myers Squibb and Northern Ireland Chest Heart and Stroke Association

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Patients were randomly assigned in blocks of four but not described how it
was done

Allocation concealment
(selection bias)

Unclear risk Not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Patients were randomly assigned in blocks of four in a blinded fash-
ion to receive treatment with either pravastatin 40 mg daily or placebo"; and
"One operator, blinded to patient treatment or randomisation performed all
the scans."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The IMT was calculated using a computer program removing any ob-
server bias."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Number of lost to follow-up/withdrawn not reported

Selective reporting (re-
porting bias)

Low risk All outcome measures have been reported in the results section

Other bias Low risk No other source of bias detected

Reid 2005  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-masked, placebo-controlled, single centre study

Total duration of study: 3 years

Details of any 'run-in' period: 2 month placebo lead-in period

Number of study centres and location: 1 centre, Research Institute of Public Health, University of
Kuopio, Finland

Study setting and date of study: outpatients; January 1990 to 1993

Participants Number randomised: 447 participants

Salonen 1995 
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Number lost to follow-up/withdrawn: "during the study, 39 participants discontinued study medica-
tion: 16 in the pravastatin group and 23 in the placebo group. Of these discontinuations, 20 were due
to adverse events (pravastatin 8, placebo 12); six participants died, 3 in each group; 5 participants dis-
continued at their own request (pravastatin 3, placebo 2); 2 participants in the placebo group were lost
to follow-up; 4 participants, 2 in each group, were discontinued because of poor compliance with the
protocol, and 2 participants in the placebo group were discontinued because they received prohibited
lipid-lowering medication."

Number analysed: 424 participants

Number of interest: 424 participants

Mean age: 57.3 years

Age range: 44 to 65 years

Gender: 424 men

Severity of condition: hypercholesteraemic men

Diagnostic criteria: "LDL levels of 4.25 mmol/L or more and body mass index of 32 kg/m2 or less."

Smoking history: 117 current smokers and 196 former smokers

Inclusion criteria: "serum LDL > 4.25 mmol/L, serum total cholesterol < 8.0 mmol/L, body mass index <

32 kg/m2, and liver enzymes (ALT and ASAT) not exceeding 1.5-fold the laboratory upper normal limit."

Exclusion criteria: no details given

Interventions Intervention: pravastatin 40 mg once daily at bedtime

Comparison: placebo

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: "rate of carotid atherosclerotic progression"

Secondary outcomes: "rate of atherosclerotic progression in the far walls of the common carotid
artery, bulb and femoral artery individually, and the combined outcome of the carotid and femoral ar-
teries."

Time points reported: "the participants visited the study centre at 3-month intervals."

Notes Funding for trial: "this study was supported by grants from the Academy of Finland and the Bristol-My-
ers Squibb Pharmaceutical Research Institute, Princeton, NJ."

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was stratified to obtain equal distribution over the
treatment groups and to enable statistical tests of effect modification" and
"Regular smokers (at least 10 cigarettes/d) and nonsmokers (for the purpose
of stratified randomization defined as less than 10 cigarettes/d) and subjects
with and without atherosclerotic lesions at their baseline ultrasound examina-
tion were randomized separately"

Salonen 1995  (Continued)
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Allocation concealment
(selection bias)

Low risk Quote: "The randomization scheme was generated by a KAPS biostatistician."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "All subjects were entered into the double-masked phase. Dou-
ble-masked treatment units were prepared at the Bristol-Myers Squibb Phar-
maceutical Research Institute, Moreton, UK, which also provided the drug sup-
plies. Placebo and pravastatin tablets looked identical."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "To assure the masking of the investigators and other staJ, the lipid
values were kept in a data register, to which there was no access for investiga-
tors other than the chief lipid chemist (KN)."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Salonen 1995  (Continued)

 
 

Study characteristics

Methods Study design: randomised

Total duration of study: 2 years

Details of any 'run-in' period: no details given

Number of study centres and location: 1 centre, Fukuoka, Japan

Study setting and date of study: outpatient; February 1996 to February 2000

Participants Number randomised: 246 participants

Number lost to follow-up/withdrawn: "34 (21%) of the 165 participants in the intent-to-treat popula-
tion did not complete the study."

Number analysed: 246 participants

Number of interest: 246 participants

Mean age: 66 years

Age range: 30 to 89 years old

Gender: 77 men and 169 women

Severity of condition: asymptomatic hypercholesteraemic patients

Diagnostic criteria: serum total cholesterol level of at least 220 mg/dL

Smoking history: 146 smokers

Inclusion criteria: "1) primary hypercholesterolaemia (defined as a serum total cholesterol level of at
least 220 mg/dL); and 2) treatment with either probucol or pravastatin"

Sawayama 2002 
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Exclusion criteria: "exclusion criteria included a serum triglyceride level > 350 mg/dL; uncontrolled
heart failure; recent (< 6 months) MI; severe or unstable angina pectoris; hypothyroidism/hyperthy-
roidism or other endocrine diseases; secondary hyperlipidaemia; uncontrolled diabetes mellitus; un-
controlled hypertension; heavy drinking; obese patients on weight reduction programs; diseases that
might interfere with drug absorption; any severe illness; and treatment with certain drugs, including
corticosteroids, other lipid-lowering agents or antacids containing aluminium salts."

Interventions Intervention and comparison:

• probucol 500 mg twice daily

• pravastatin 10 mg/day

• control group: diet alone

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: "rate of progression of carotid atherosclerosis"

Secondary outcome: "incidence of major atherosclerotic events, as effected by each treatment."

Time points reported: "ultrasonography was performed at enrolment and then every six months for
the next 24 months."

Notes Funding for trial: Japanese Ministry of Education, Science, and Culture, Tokyo, Japan

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was done by the minimization method, controlling for
the following four factors: total cholesterol level, age, gender and IMT."

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: "Patients were randomly assigned to one of the following three groups:
1) a probucol group (n 82, age 41 to 80 years) that received probucol at 500 mg
twice daily after meals; 2) a pravastatin group (n 83, age 41 to 89 years) that re-
ceived pravastatin at 10 mg/day after the evening meal; and 3) a control group
(n 81, age 30 to 89 years) that was on diet alone."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All examinations were performed by one trained physician who had no
knowledge of the clinical history and risk factor profile of the subjects."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Sawayama 2002  (Continued)
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Study characteristics

Methods Study design: double-blind, randomised, parallel study

Total duration of study: 3 months

Details of any 'run-in' period: 4-week single-blind placebo period

Number of study centres and location: no details given, Italy

Study setting and date of study: outpatients; no details given

Participants Number randomised: 15 participants

Number lost to follow-up/withdrawn: no details given

Number analysed: 15 participants

Number of interest: 15 participants

Mean age: no details given

Age range: 55 to 75 years

Gender: 13 men and 2 women

Severity of condition: essential hypertension

Diagnostic criteria: "at least one stenosis (50% to 70%) of an internal carotid artery."

Smoking history: no details given

Inclusion criteria: "essential hypertensive were selected from the outpatient clinic database because
of the presence of at least one moderate (30% to 60%) stenosis of the internal carotid arteries at echo-
color Doppler examination."

Exclusion criteria: "secondary hypertension was excluded by means of standard biochemical and ra-
diological imaging tests, all had a negative history of cerebrovascular diseases."

Interventions Intervention: lacidipine (4 to 6 mg once daily, orally)

Comparison: hydrochlorothiazide (HCTZ, 25 to 50 mg once daily orally)

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: "measure of mean relative perfusion (MRP) in the cortical and subcortical areas
(thalami and basal ganglia)."

Secondary outcome: clinical (blood pressure) measurement

Time points reported: regional cerebral perfusion was assessed at baseline and at the end of the
treatment period with HMPAO-SPECT (12 weeks)

Notes Funding for trial: "the study was made possible by a research grant from GlaxoWellcome."

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Semplicini 2000 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not described

Allocation concealment
(selection bias)

Unclear risk Not described

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "The patients were enrolled for a double-blind, parallel study" and
"The examination was carried out by the same sonographer who was not
aware of the patient’s clinical data and treatment."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "CT scans were examined twice by a single observer (C.C.) unaware of
the patient identity."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Number lost to follow-up/withdrawn not reported

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Semplicini 2000  (Continued)

 
 

Study characteristics

Methods Study design: randomised, single-blind, controlled trial

Total duration of study: 3 years

Details of any 'run-in' period: no details given

Number of study centres and location: 2 centres in Japan

Study setting and date of study: outpatients; no details given

Participants Number randomised: 91 participants

Number lost to follow-up/withdrawn: 2 lost to follow-up or withdrew consent

Number analysed: 89 participants

Number of interest: 89 participants

Mean age: "mean age of patients was 61.0 +/-7.2 years in control group and 60.3 +/- 7.9 years in cilosta-
zol group."

Age range: 41 to 75 years old

Gender: 44 men and 45 women

Severity of condition: no details given

Shinoda-Tagawa 2002 

Pharmacological interventions for asymptomatic carotid stenosis (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

82



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Diagnostic criteria: Type II diabetes

Smoking history: no details given

Inclusion criteria: "no episodes of ketoacidosis and absence of ketonuria; diagnosis of diabetes after
30 years of age; insulin therapy (if any) started after duration of diabetes for at least 5 years; absence
of overt diabetic nephropathy or other renal tract disease; and absence of active diabetic proliferative
retinopathy."

Exclusion criteria: no details given

Interventions Intervention: cilostazol 100±200 mg/day

Comparison: no treatment

Concomitant medications: "oral hypoglycaemic agents, insulin, diuretics, beta-blockers, alpha-block-
ers, Ca-channel blockers, and angiotensin converting enzyme inhibitors, clofibrates, probucol, and 3-
hydroxy-3-methylglutaryl coenzyme reductase inhibitors."

Excluded medications: no details given

Outcomes Primary outcome: number of brain lesions and measure of IMT

Secondary outcomes: clinical (blood pressure and API) and biochemical analysis

Time points reported: "during the observation period of 3.2 +/- 0.5 years, the lipid profile, blood pres-
sure, IMT and API were determined every year. Brain MRI was taken at the beginning and end of the
study period."

Notes Funding for trial: no details given

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The subjects were allocated at random into two groups with and with-
out cilostazol."

Allocation concealment
(selection bias)

Low risk Quote: "The subjects were allocated at random into two groups with and with-
out cilostazol."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All scans were conducted by physicians who were unaware of the clin-
ical characteristics of the subjects" and "The physicians evaluating MRI find-
ings were unaware of patients' characteristics and IMT evaluation."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Primary or secondary outcomes not reported

Selective reporting (re-
porting bias)

Unclear risk Primary or secondary outcomes not reported

Shinoda-Tagawa 2002  (Continued)
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Other bias Low risk No other source of bias detected

Shinoda-Tagawa 2002  (Continued)

 
 

Study characteristics

Methods Study design: multicentre, double-blind, randomised

Total duration of study: 104 weeks

Details of any 'run-in' period: initial 2-week tapering-oJ period

Number of study centres and location: 31 clinical centres throughout Austria, the Czech Republic,
Germany, Italy, and Poland

Study setting and date of study: outpatients; November 2001 to February 2006

Participants Number randomised: 165 participants

Number lost to follow-up/withdrawn: "discontinued (n = 35): adverse event (n = 6), lack of efficacy (n
= 1), withdrawal of consent (n = 11), concomitant medication usage (n = 1), other reasons (n = 16)."

Number analysed: analysed (n = 155): failed to provide efficacy data (n = 10)

Number of interest: 155 participants

Mean age: "62.1 +/- 6.6 years old in atenolol group and 62.3 +/- 7,4 years old in olmesartan group."

Age range: 35 to 75 years old

Gender: 95 men and 60 women

Severity of condition: hypertensive patients

Diagnostic criteria: "seated systolic blood pressure of 140 to 180 mmHg and seated diastolic blood
pressure of 90 to 105 mmHg, an increased common carotid artery IMT of between 0.8 and 1.6 mm, at
least one plaque in the CCA or the carotid bulb (plaque volume: 4 to 500 µl), and ≥ 1 of the following
predefined risk factors: smoking, diabetes mellitus, dyslipidaemia (high-density lipoprotein (HDL)-cho-
lesterol < 0.9 or low-density lipoprotein (LDL)-cholesterol > 2.6 or triglycerides > 1.7 mmol/L), leR ven-
tricular hypertrophy and history of cardiovascular disease, or complications of cardiovascular disease."

Smoking history: 53 current smokers

Inclusion criteria

• "Mean sitting SBP and DBP prior to randomisation of 140-180/90-105 mmHg

• Increased cardiovascular risk, e.g.: a) documented or clinical signs of peripheral atherosclerotic dis-
ease stage IIa or lower; b) diabetes mellitus type 2; c) leR ventricular hypertrophy on echo; d) current
smoking; e) old myocardial infarction, stroke or TIA

• Intima-media thickness of the common carotid artery greater than or equal to 0.8 mm and less than
or equal to 1.6 mm (measured ultrasonographically) or the plaque volume of the carotid bulb greater
than or equal to 4 μl and less than or equal to 500 μl."

Exclusion criteria:

• "Body mass index > 30

• Any type of known secondary hypertension

• Electrocardiographic evidence of 2nd or 3rd degree atrioventricular block, atrial fibrillation, cardiac
arrhythmia requiring therapy or bradycardia at rest (< 50/min)

• Obstructive pulmonary disease

Stumpe 2007 
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• Claudication intermittens

• History or clinical evidence of any significant gastrointestinal, respiratory, haematological, metabol-
ic, immunological or any other underlying disease which in the opinion of the investigator would in-
terfere with the patient's participation in the trial

• Hypersensitivity or contraindication to ARBs, beta-blockers, HCTZ or any cross allergy

• Pre-treatment with ARBs or ACE inhibitors within 6 months prior to screening

• Treatment with disallowed medication

• Pregnant or breastfeeding females or females of childbearing potential without adequate contracep-
tion

• History of alcohol and/or drug abuse."

Interventions Intervention: olmesartan 20 mg

Comparison: atenolol 50 mg

Concomitant medications: "patients with uncontrolled BP (DBP > 90 mmHg and/or SBP > 140 mmHg)
at these dose levels after 4 weeks of treatment were titrated to olmesartan 40 mg or atenolol 100 mg
once daily. Hydrochlorothiazide at a dose of 12.5 mg with up-titration to 25 mg after another 4 and 8
weeks, respectively, was added if BP remained uncontrolled."

Excluded medications: no details given

Outcomes Primary outcome: change of intima media thickness of the common carotid artery on the leading side
of the neck

Secondary outcomes:

• "Change in plaque volume in the common carotid artery or the carotid bulb

• Change of intima media thickness of the common carotid artery

• Changes of diastolic and systolic blood pressure

• Safety and tolerability"

Time points reported: "at screening, participants underwent a complete physical examination, ultra-
sound measurements of IMT and PV were made and assessments of BP, and routine laboratory para-
meters were carried out. After randomisation, participants made 10 further visits to the study centres.
Visits to ultrasound centres for measurements of IMT and PV were scheduled at screening, weeks 28, 52
and 104."

Notes Funding for trial: Sankyo Pharma Gmbh

Notable conflicts of interest of trial authors: no details given

Protocol: NCT00185185

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "A computer-generated randomisation list was prepared centrally by
PRA International, Mannheim, Germany, using appropriate blocks and guar-
anteeing that in study centres patients were assigned to one of the treatment
groups."

Allocation concealment
(selection bias)

Low risk Quote: "A computer-generated randomisation list was prepared centrally by
PRA International, Mannheim, Germany, using appropriate blocks and guar-
anteeing that in study centres patients were assigned to one of the treatment
groups."

Stumpe 2007  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "The study medication was provided in externally indistinguishable
capsules."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Blinded ultrasound readings and quality assessment evaluations were
carried out using a specifically designed 2D and 3D Post Processing Image
Analysis System (PPAS) with an option for re-performing measurements on the
MODs."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Stumpe 2007  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind, placebo-controlled, stepped-care treatment programme

Total duration of study: 2 years

Details of any 'run-in' period: "participants were monitored at multiple drug evaluation visits during
a 2- to 8-week period to determine blood pressure eligibility oJ medication"

Number of study centres and location: 1 centre, University of Pittsburgh Centre

Study setting and date of study: outpatients; June 1984 to October 1996

Participants Number randomised: 129 participants

Number lost to follow-up/withdrawn: no details given

Number analysed: 129 participants

Number of interest: 129 participants

Mean age: 75 years old

Age range: 60 to 100 years old

Gender: 49 men and 80 women

Severity of condition: isolated systolic hypertension

Diagnostic criteria: SBP 160 to 219 mmHg and DBP < 90 mmHg

Smoking history: 48 smokers

Inclusion criteria

• "Age: > 60 years

• Baseline blood pressure: SBP 160 to 219 mmHg; DBP < 90 mmHg."

Sutton-Tyrrell 1994 
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Exclusion criteria: "persons were excluded on the basis of history and/or signs of specified major car-
diovascular diseases. Other major diseases (e.g. cancer, alcoholic liver disease, established renal dys-
function), with competing risk for the SHEP (Systolic Hypertension in the Elderly Program) primary end
point or the presence of medical management problems, were also exclusions"

Interventions Intervention: chlorthalidone 12.5 mg daily

Comparison: placebo

Concomitant medications: "drug dosage was doubled (including matching placebo) for participants
failing to achieve the SBP goal at follow-up visits. If the SBP goal was not reached at the maximal dose
of step 1 medication, atenolol, 25 mg/d, or matching placebo was added as the usual step 2 drug. When
atenolol was contraindicated, reserpine, 0.05 mg/d, or matching placebo could be substituted. When
required to reach the blood pressure goal, the dosage of the step 2 drug could be doubled. Potassium
supplements were given to all participants who had serum potassium concentrations below 3.5 mmol/
L at two consecutive visits"

Excluded medications: no details given

Outcomes Primary outcome: total stroke

Secondary outcomes: sudden cardiac death, rapid cardiac death, nonfatal MI, fatal MI, leR ventricular
failure, other cardiovascular death—presumed myocardial infarction that did not meet diagnostic cri-
teria, or other cardiovascular causes, TIA, coronary artery therapeutic procedures, renal dysfunction

Ancillary study outcomes: "determine progression of carotid artery stenosis"

Time points reported: "2 serial duplex scans of the carotid arteries separated by 2 years were ob-
tained"

Notes Funding for trial: "SHEP trial was supported by contracts with the National Heart, Lung, and Blood
Institute and the National Institute on Aging. Drugs were supplied by the Lemmon Co, Sellersville, Pa;
Wyeth Laboratories/Ayerst Laboratories, AH Robins Co, Richmond, Va; and Stuart Pharmaceuticals,
Wilmington, Del"

"This ancillary study was supported by National Institutes of Health grant HL-39871"

Notable conflicts of interest of trial authors: no details given

Protocol: NCT00000514

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "screeners were randomly allocated by the coordinating centre to one
of two treatment groups. Randomization was stratified by clinical centre and
by anti hypertensive medication status at initial contact."

Allocation concealment
(selection bias)

Low risk Quote: "screeners were randomly allocated by the coordinating centre to one
of two treatment groups. Randomization was stratified by clinical centre and
by anti hypertensive medication status at initial contact."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Participants were to be randomized at each centre to either chlorthali-
done or matching placebo in a double-blind manner."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Scans were recorded on videotape for later scoring. A reader assigned
a grade from 0 to 3 to each of seven segments in the carotid system based on
the number and size of lesions present."

Sutton-Tyrrell 1994  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants apparently completed the study. No treatment withdrawals,
no losses to follow-up, no trial group changes and no major adverse events
were reported

Selective reporting (re-
porting bias)

High risk One weakness of this study is that the duplex scans were not obtained earli-
er in the study, before treatment. Unfortunately, the SHEP trial ended before
all participants had completed their follow-up scans. At the beginning of the
study, a decision was made that progression of disease would include all areas
of the carotid system, not just the ICA. Before analysis of the data, changes in
the blood flow velocity and velocity ratios were used to ascertain progression

Other bias Low risk No other source of bias detected

Sutton-Tyrrell 1994  (Continued)

 
 

Study characteristics

Methods Study design: prospective, randomised, single-centre, double-blind clinical trial

Total duration of study: 12 weeks

Details of any 'run-in' period: no details given

Number of study centres and location: single-centre, GSK Investigational Site, Cambridge, Cam-
bridgeshire, UK

Study setting and date of study: outpatients; July 2006 to August 2007

Participants Number randomised: 47 participants

Number lost to follow-up/withdrawn: "7 patients did not complete the study because of an adverse
event (n = 2; both were in the high-dose group and had deranged liver function tests during the study
that were outside the limits of acceptability from the protocol), withdrawn consent (n = 1), or other rea-
sons not associated with this specific study (n = 4)."

Number analysed: 40 participants

Number of interest: 40 participants

Mean age: 67.6 +/- 7.7 years

Age range: 18 years to 80 years

Gender: 36 men and 4 women

Severity of condition: "clinically documented atherosclerotic carotid disease."

Diagnostic criteria: "clinically documented atherosclerotic carotid disease and had demonstrated the
presence of inflammation within their carotid lesions on USPIO-enhanced MRI regardless of sympto-
matic status."

Smoking history: 30 current or former smokers

Inclusion criteria

• "Positive Sinerem®-enhanced MRI of carotid plaque confirmed by a consultant neuroradiologist

• Must either be statin naive or have been on a stable dose of a statin (permitted statins and total daily
dose are as follows: atorvastatin = 10 mg, simvastatin = 40 mg, pravastatin = 40 mg, fluvastatin = 80
mg, rosuvastatin = 10 mg for = 4 weeks prior to screening, with no evidence of statin intolerability.)"

Tang 2009 
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Exclusion criteria

• "Require continued use of non-statin lipid modifying therapies or therapy with any other lipid regu-
lating medications

• History of statin intolerance

• History of chronic viral hepatitis or other liver dysfunction

• Renal impairment with serum creatinine > 2.5 mg/dL (> 221 mol/L)

• History of myopathy or inflammatory muscle disease, or 3 times more than the upper limit of normal
levels of total creatinine kinase in serum

• Doppler assessment of less than 40% stenosis during screening assessment

• Allergy to dextran and iron salts

• Contraindication to MRI scanning

• Planned carotid surgery or endovascular intervention earlier than 10 weeks within the study period"

Interventions Intervention: 80 mg atorvastatin once daily

Comparison: 10 mg atorvastatin once daily

Concomitant medications: antiplatelets

Excluded medications: no details given

Outcomes Primary outcomes: "changes from baseline in USPIO-enhanced MRI signal in carotid plaques at 6
weeks and 12 weeks in low- and high-dose atorvastatin groups (within-groups comparison)

Secondary outcomes: "baseline corrected changes in USPIO-enhanced MRI signal in carotid plaques.
Changes from baseline in tensile stress, micro-emboli counts, soluble plasma biomarker at 12 weeks in
low- and high-dose atorvastatin groups "

Time points reported: "the USPIO-enhanced MRI was performed at baseline (i.e. before randomisa-
tion) and at 6 and 12 weeks."

Notes Funding for trial: GlaxoSmithKline

Notable conflicts of interest of trial authors: none

Protocol: NCT00368589

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Unclear risk Quote: "All patients in the ATHEROMA trial were randomized (1:1) to receive
low- (10 mg) and high- (80 mg) dose atorvastatin for 12 weeks."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Unblinding of the treatment assignment occurred only after this
had happened to avoid bias, and permitted independent confirmation of the
analyses."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The readers were blind to the patients’ demographic data and statin
dose" and "The spectra from all saved ES (emboli signal) were recorded onto
the hard drive of the computer, and all signals were later reviewed offline in
consensus by 2 experienced observers in ES detection who were blinded to the
patients’ demographic and lipid profiles."

Tang 2009  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Tang 2009  (Continued)

 
 

Study characteristics

Methods Study design: prospective, randomised, double-blind, single-centre trial

Total duration of study: 2 years

Details of any 'run-in' period: "participants with hypertension and aged between 60 and 75 years
were selected for the study and advised to restrict their salt intake (low-salt diet). After another period
of 4 weeks, blood pressure was measured for the fiRh time and hypertensive patients who met the in-
clusion criteria received placebo treatment for 2 weeks. If blood pressure remained stable during this
run-in period, the patients were randomly assigned to the double-blind treatment phase."

Number of study centres and location: 1 centre in the Netherlands

Study setting and date of study: outpatients; no details given

Participants Number randomised: 166 participants

Number lost to follow-up/withdrawn: "reasons for not completing the study in the amlodipine group
(n = 24) were: adverse events (14), withdrawal of informed consent (6), violation of procedure (2), death
(1), and other (1). Reasons for not completing the study in the lisinopril group (n = 22) were: adverse
events (11), withdrawal of informed consent (4), violation of procedure (4), and other (3)"

Number analysed: 166 participants

Number of interest: 166 participants

Mean age: 67+/-4 years

Age range: 60 to 75 years old

Gender: 92 men and 74 women

Severity of condition: untreated mild to moderate hypertension

Diagnostic criteria: "four measurements of DBP were between 95 and 115 mmHg or SBP was between
160 and 220 mmHg (or both), derived from several measurements made on three occasions over a peri-
od of 4 weeks"

Smoking history: 68 current smokers

Inclusion criteria

• "Diastolic blood pressure between 95 and 115 mmHg or systolic blood pressure between 160 and 220
mmHg, or both

• Aged between 60 and 75 years"

Exclusion criteria:

• "office blood pressure > 220/115 mmHg;

Terpstra 2004 
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• unstable blood pressure after the period of placebo treatment, defined as differences in DBP or SBP
readings before placebo treatment of > 10 mmHg or > 20 mmHg, respectively;

• secondary hypertension of any aetiology;

• angina pectoris;

• manifest coronary artery disease;

• current or recent history of congestive heart failure;

• haemodynamically significant valvular heart disease;

• cardiac arrhythmia;

• renal insufficiency;

• insulin-dependent diabetes mellitus."

Interventions Intervention: amlodipine 5 to 10 mg

Comparison: lisinopril 10 to 20 mg

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: change from baseline of the combined mean maximum far wall IMT of carotid and
femoral arteries

Secondary outcome: changes in maximum far wall IMT of the common carotid artery and the common
femoral artery

Time points reported: "before and after 1 and 2 years of treatment, IMT was measured in three carotid
and two femoral arterial sites by B-mode ultrasound"

Notes Funding for trial: "the study was sponsored by an unrestricted grant of Pfizer BV"

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "the patients were randomly assigned to the double-blind treatment
phase."

Allocation concealment
(selection bias)

Low risk Quote: "166 patients were allocated randomly to groups to receive amlodipine
or lisinopril."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "the patients were randomly assigned to the double-blind treatment
phase."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All images were saved on S-VHS tape and analysed oJ-line throughout
the study by an analyst who was unaware of the patients’ characteristics."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All prespecified outcomes reported

Selective reporting (re-
porting bias)

Low risk All outcome measures have been reported in the results section

Terpstra 2004  (Continued)
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Other bias Low risk No other source of bias detected

Terpstra 2004  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind, multicentre trial

Total duration of study: 2 years

Details of any 'run-in' period: "all cholesterol-lowering drugs were discontinued during a 6-week di-
etary lead-in period, after which baseline serum lipid values were obtained."

Number of study centres and location: 2 centres, University of Washington, Seattle, WA, and the Uni-
versity of Utah, Salt Lake City, Utah

Study setting and date of study: outpatients; 6 January 2000 (first participant enrolled), to 15 August
2004 (last participant completed)

Participants Number randomised: 43 participants

Number lost to follow-up/withdrawn: "4 of 43 patients did not complete the study because of an ad-
verse event (n = 2), withdrawn consent (n = 1), or other reasons (n = 1). Of the 39 participants who com-
pleted the study, all remained asymptomatic and 33 (n low = 13, n high = 20) had matched baseline and
2-year scans of sufficient image quality for identification of the vessel boundaries and automated com-
positional analysis."

Number analysed: 33 participants

Number of interest: 33 participants

Mean age: 65.2 years

Age range: 18 years and older

Gender: 21 men and 12 women

Severity of condition: neurologically asymptomatic patients

Diagnostic criteria: "fasting low-density lipoprotein cholesterol ≥ 100 and b250 mg/dL and 16% to
79% carotid stenosis by duplex ultrasound."

Smoking history: 7 current smokers

Inclusion criteria

• "Fasting blood low-density lipoprotein cholesterol level as defined by the protocol

• Diagnosed carotid arterial stenosis"

Exclusion criteria

• "The use of lipid-lowering drugs or dietary supplements after Visit 1

• Heavy or total occlusion of the carotid artery or recent stroke

• Uncontrolled hypertension, hypothyroidism, alcohol or drug abuse"

Interventions Intervention: rosuvastatin low dose (5 mg)

Comparison: rosuvastatin high dose (40/80 mg/d)

Concomitant medications: no details given

Underhill 2008 
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Excluded medications: no details given

Outcomes Primary outcome: changes in carotid wall volume as measured by MRI scan

Secondary outcomes:

• "safety: adverse events & abnormal laboratory markers;

• other changes in the structure and composition of the carotid arterial wall as defined in the protocol."

Time points reported

• "Changes in carotid wall: time frame: at 40 weeks and 104 weeks

• Safety: time frame: 2 weekly for first 4 weeks then 4 weekly

• Other changes: time frame: at 40 weeks and 104 weeks"

Notes Funding for trial: "this research was supported by AstraZeneca, London, UK, and the National Insti-
tutes of Health, Bethesda, MD (T-32, HL07838)"

Notable conflicts of interest of trial authors: no details given

Protocol: NCT00654394

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Study participants were randomized to receive rosuvastatin low dose
(5 mg) or high dose (40/80 mg/d) for 2 years."

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "The randomized, double-blind ORION trial."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "33 patients had matched serial MRI scans to compare by reviewers
blinded to clinical data, dosage, and temporal sequence of scans."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Underhill 2008  (Continued)

 
 

Study characteristics

Methods Study design: prospective, multicentre, randomised, parallel-group, clinical trial

Total duration of study: 4 years

VHAS 1998 
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Details of any 'run-in' period: "all eligible participants entered a placebo run-in period of 3 weeks af-
ter discontinuation of any previous antihypertensive therapy"

Number of study centres and location: 8 Italian centres

Study setting and date of study: outpatients; no details given

Participants Number randomised: 1414 participants

Number lost to follow-up/withdrawn: "in total, 1099 participants completed the 2-year treatment pe-
riod; 315 dropped out (21.6% of the verapamil group and 22.9% of the chlorthalidone group)"

Number analysed: 1414 participants

Number of interest: 183 participants

Mean age: mean age of participants was 54.2 years

Age range: 40 to 65 years

Gender: 693 men and 721 women

Severity of condition: no details given

Diagnostic criteria: "essential hypertension (sitting systolic blood pressure > 160 mmHg and diastolic
blood pressure > 95 mmHg)"

Smoking history: 256 current smokers

Inclusion criteria: "essential hypertension defined as a systolic blood pressure when seated equal to
or greater than 160 mmHg and a diastolic blood pressure equal to or greater than 95 mmHg (Korotkoff
phase V) measured at the end of a placebo run-in period of 3 weeks; aged 40–65 years; either sex; gave
informed consent to participate in the study"

Exclusion criteria: "major exclusion criteria were all forms of secondary hypertension, a recent history
(less than 6 months ago) of cerebrovascular events (TIA, strokes) or MI, unstable angina requiring con-
tinuous drug treatment, severe peripheral artery disease (grades III and IV of Fontaine’s classification),
severe bradycardia (a heart rate < 50 beats/min), sick sinus syndrome, atrioventricular blockage of de-
grees II and III, heart failure (New York Heart Association classes II–IV), clinically significant renal insuf-
ficiency (a serum creatinine level > 1.7 mg/dL), hepatic insufficiency (serum aspartate (AST) and ala-
nine (ALT) aminotransferase levels greater than twice the upper normal limit, an albumin:globulin ratio
< 1, a total serum bilirubin level > 2 mg/dL), hyperuricaemia (> 7 mg/dL), hypokalaemia (< 3.8 mmol/L),
type I diabetes mellitus and uncontrolled type II diabetes mellitus, familial dyslipidaemia, any serious
concomitant disease or condition or medication that might have interfered with the study (patients be-
ing administered antihypertensive agents, antiarrhythmic drugs, nitrates, steroidal and nonsteroidal
anti-inflammatory agents and analgesics in chronic administration were excluded), known intolerance
to calcium antagonists, diuretics or angiotensin converting enzyme inhibitors."

Interventions Intervention: verapamil slow-release (240 mg once a day)

Comparison: chlorthalidone (25 mg once a day)

Concomitant medications: captopril 25 mg once or twice a day

Excluded medications: "other antihypertensive agents, antiarrhythmic drugs, nitrates, steroidal and
nonsteroidal anti-inflammatory agents and analgesics in chronic administration"

Outcomes Primary outcomes: clinical assessment (blood pressure and heart rate measurement) and safety as-
sessment: 12-lead electrocardiogram and laboratory evaluations (determinations of serum glucose,
creatinine, total and high-density lipoprotein (HDL) cholesterol, triglycerides, urate, blood urea nitro-
gen, AST, ALT, sodium, and potassium levels)

Secondary outcomes: "determine the prevalence of carotid thickenings and atherosclerotic lesions"

VHAS 1998  (Continued)
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Time points reported: "B-mode ultrasound scan was performed according to a standardized proce-
dure at baseline and after 3, 12, 24, 36 and 48 months of treatment."

Notes Funding for trial: no details given

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "At the end of the 3 weeks’ placebo run-in period, eligible patients were
randomly assigned either to verapamil at 240 mg or chlorthalidone at 25 mg
once a day."

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "The VHAS (The Verapamil-Hypertension Atherosclerosis Study) was
a multicentre randomized double-blind (for the first 6 months, open subse-
quently)."

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Quote: "The VHAS (The Verapamil-Hypertension Atherosclerosis Study) was
a multicentre randomized double-blind (for the first 6 months, open subse-
quently)."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All prespecified outcomes reported

Selective reporting (re-
porting bias)

Low risk All outcome measures have been reported in the results section

Other bias Low risk No other source of bias detected

VHAS 1998  (Continued)

 
 

Study characteristics

Methods Study design: open-label, single-centre, prospective randomised study

Total duration of study: 6 months

Details of any 'run-in' period: no details given

Number of study centres and location: 1 centre, Gifu University Graduate School of Medicine, Japan

Study setting and date of study: outpatients; April 2008 to September 2013

Participants Number randomised: 40 participants

Number lost to follow-up/withdrawn: all 40 participants completed the study

Number analysed: 40 participants

Number of interest: 40 participants

Yamada 2009 
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Mean age: 72 +/- 7.1 years old

Age range: 50 to 84 years old

Gender: 31 men and 9 women

Severity of condition: "asymptomatic carotid artery stenosis (30% to 60%)"

Diagnostic criteria: non- or slight hypercholesterolaemia (total cholesterol < 240 mg/dL)

Smoking history: 10 smokers

Inclusion criteria: "non- or slight hypercholesterolaemia (total cholesterol < 240 mg/dL), asympto-
matic carotid artery stenosis (30% to 60%) based on carotid ultrasonography and magnetic resonance
(MR) angiography."

Exclusion criteria: "patients with carotid stenosis > 60% were excluded because the Asymptomatic
Carotid Atherosclerosis Study recommended performing carotid endarterectomy in patients with
asymptomatic carotid artery stenosis > 60%. Patients with carotid stenosis < 30% were also excluded
because tissue characterisation of carotid plaques by IBS ultrasound was not available due to the rela-
tively large size of the region of interest."

Interventions Intervention: atorvastatin 20 mg/day

Comparison: diet

Concomitant medications: aspirin, ticlopidine, cilostazol, diuretic, calcium channel blockers, be-
ta-blockers, ACE inhibitors, ARBs

Excluded medications: no details given

Outcomes Primary outcome: "the property change in carotid artery plaque after three and six months using IB
(integrate backscatter) echo and Black Blood MRI"

Secondary outcomes: "1) the change of the serum lipid metabolism in six months: Serum total choles-
terol, HDL cholesterol, LDL cholesterol, and triglycerides; 2) the change of the inflammatory marker in
six months: serum high sensitivity CRP; 3) ischaemic attack in the territory of the internal carotid artery
on the ipsilateral side."

Time points reported: "IBS values of carotid artery plaques and maximum intima media thickness
were measured at baseline and after 6 months of either diet or statin therapy."

Notes Funding for trial: self funding

Notable conflicts of interest of trial authors: no details given

Protocol: UMIN000001114

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The subjects were randomized to a statin (atorvastatin 20 mg/day)
treatment group (n = 20) or a diet group (n = 20)."

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Yamada 2009  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "A single well-trained operator performed all carotid scans without hav-
ing any information on the clinical characteristics of the patients."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Selective reporting (re-
porting bias)

Low risk All outcomes were reported

Other bias Low risk No other source of bias detected

Yamada 2009  (Continued)

 
 

Study characteristics

Methods Study design: multicentre, prospective, randomised, open, blinded end-point trial

Total duration of study: 18 months

Details of any 'run-in' period: no details given

Number of study centres and location: no details given, Japan

Study setting and date of study: outpatients; February 2006 to 2011

Participants Number randomised: 57 participants

Number lost to follow-up/withdrawn: "of 29 patients in the losartan-based treatment group, 3 were
lost to follow-up: death due to infection (n = 1) and withdrawal of informed consent (n = 2). In the am-
lodipine-based treatment group, 5 of 29 patients were lost to follow-up: sudden death (n = 1), with-
drawal of informed consent (n = 1) and other (n = 3)"

Number analysed: 57 participants

Number of interest: 57 participants

Mean age: "61±13 in losartan group and 61±9 in amlodipine group"

Age range: 20 years and above

Gender: 45 men and 12 women

Severity of condition: "mild-to-moderate hypertension, LV hypertrophy, diastolic dysfunction and
preserved systolic function"

Diagnostic criteria: "hypertensive patients with LV hypertrophy and diastolic dysfunction."

Smoking history: no details given

Inclusion criteria

• "Age 20 years or older

• Mild to moderate hypertension (systolic blood pressure ≥ 140 mmHg and ≤ 200 mmHg, diastolic blood
pressure ≥ 90 mmHg and ≤ 110 mmHg)

• Presence of LV hypertrophy (ratio of LV mass to body surface area (LV mass index) ≥ 120 g/m2 in men
and ≥ 105g/m2 in women, or LV wall thickness > 11 mm1). LV mass is calculated following the formula
derived from the American Society of Echocardiography

Yamamoto 2011 
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• LV diastolic dysfunction (ratio of peak early to late diastolic filling velocities (E/A) 1.5, an E-wave de-
celeration time 280 ms, isovolumic relaxation time 105 ms)1

• LV ejection fraction ≥ 50% (echocardiographic screening will be performed when symptoms, physical
examination, chest X-ray or electrocardiography suggests the presence of cardiac abnormalities)."

Exclusion criteria

• "History of a life-threatening adverse event induced by ARB or CCB.

• Pregnancy.

• Serious liver dysfunction (AST or ALT > 10-fold normal upper limit)

• Serum creatinine > 1.8 mg/dl, known bilateral renal artery stenosis, single kidney, nephrosclerosis

• Secondary hypertension, malignant hypertension, hypertensive encephalopathy

• Cardiovascular or cerebrovascular accident within the past 6 months

• Patients with angina pectoris who need CCB or - blocker

• Significant aortic stenosis (peak transaortic valve pressure gradient > 20 mmHg)

• Significant aortic or mitral regurgitation in the investigators opinion

• Patients with other diseases that affect the serum levels of the carboxy-terminal telopeptide of colla-
gen type I and the carboxy-terminal of procollagen type III

• Prescription of ACE or ARB within the past 5 months

• Prescription of -blocker or CCB within the past 4 weeks."

Interventions Intervention: losartan 50 mg once daily

Comparison: amlodipine 2.5 mg once daily

Concomitant medications: thiazide diuretics or alpha-blockers. Other medications: statins and an-
tiplatelet agents

Excluded medications: no details given

Outcomes Primary outcome: "assess LV diastolic function and atherosclerosis of the carotid artery"

Secondary outcomes: effects in blood pressure, measurement of laboratory blood samplings (creati-
nine, uric acid, PIIIP, CITP, brain natriuretic peptide and high-sensitivity C-reactive protein).

Time points reported: "Doppler echocardiography and blood sampling will be conducted at study en-
try and every 6 months after randomisation. Carotid ultrasonography will be conducted at study entry
and 12 and 18 months after randomisation."

Notes Funding for trial: "this study is supported by grants and endowments from Banyu Pharmaceutical
through the Osaka Heart Club."

Notable conflicts of interest of trial authors: no details given

Protocol: UMIN Clinical Trials Registry: C000000319

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)

High risk Open-label

Yamamoto 2011  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "assessor(s) are blinded"

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Other bias Low risk No other source of bias detected

Yamamoto 2011  (Continued)

 
 

Study characteristics

Methods Study design: multicentre, longitudinal, randomly allocated, double-blind, double-dummy study, with
a factorial structure (2x2) and four treatment groups

Total duration of study: 3 years

Details of any 'run-in' period: "6-week washout under triple placebo and American Heart Association
low-lipid diet."

Number of study centres and location: 13 Italian hospitals

Study setting and date of study: outpatients; March 1995 to June 2000

Participants Number randomised: 508 participants

Number lost to follow-up/withdrawn: "93 patients had baseline data that did not exactly fulfill all en-
try criteria (with sitting DBP < 95 mmHg, with LDL cholesterol < 4.14 mmol/L < 160 mm/dL, and with
IMTmax < 1.3 mm)."

Number analysed: 508 participants

Number of interest: 508 participants

Mean age: 58.4 ± 6.7 years

Age range: 45 to 70 years old

Gender: 204 men and 304 women

Severity of condition: "untreated or uncontrolled hypertension, hypercholesterolaemia, asympto-
matic carotid atherosclerosis."

Diagnostic criteria: "systolic blood pressure 150 to 210 mmHg, diastolic blood pressure 95 to 115
mmHg, serum low-density lipoprotein cholesterol 4.14 to 5.17 mmol/L (160 to 200 mg/dL), and triglyc-
erides < 3.39 mmol/L (< 300 mg/dL) and maximum carotid IMT, Tmax, 1.3 to 4.0 mm."

Smoking history: 83 smokers

Inclusion criteria: "men and women, aged 45 to 70 years, with a seated diastolic blood pressure of 95
to 115 mm Hg, serum LDL cholesterol between 160 and 200 mg/dL, and at least one uncomplicated
atherosclerotic lesion in the carotid arteries with an intima–media thickness of between 1.3 mm and
4.0 mm."

Zanchetti 2004 
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Exclusion criteria: no details given

Interventions Intervention and comparison

• "Hydrochlorothiazide, 25 mg once daily plus fosinopril placebo and pravastatin placebo

• Fosinopril, 20 mg once daily plus hydrochlorothiazide placebo and pravastatin placebo

• Hydrochlorothiazide, 25 mg once daily, and pravastatin, 40 mg once daily plus fosinopril placebo

• Fosinopril, 20 mg once daily, and pravastatin, 40 mg once daily plus hydrochlorothiazide placebo."

Concomitant medications: open-label nifedipine GITS, 30 to 60 mg daily

Excluded medications: no details given

Outcomes Primary outcome: "rate of change in mean maximum IMT of the 8 far and near walls in distal common
carotids and bifurcations bilaterally."

Secondary outcomes:

• "changes in mean maximum IMT of the 4 far and near walls in distal common carotids and separately
in carotid bifurcations;

• changes in clinic and ambulatory blood pressure; and

• changes in serum total, LDL, and high density lipoprotein (HDL) cholesterol and other laboratory vari-
ables."

Time points reported: "a complete carotid ultrasound examination were performed every 6 months."

Notes Funding for trial: Bristol Myers Squibb Italy, Rome, and Menarini, Florence

Notable conflicts of interest of trial authors: "all authors have received research grants or lecture
honoraria from the sponsors."

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was computer generated with a block size of 4."

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Patients and study personnel were blinded to treatment assignment."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Duplicate scans were read blindly during study."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk ITT used, 20% dropouts reported

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported

Zanchetti 2004  (Continued)
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Other bias Low risk No other source of bias detected
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Study characteristics

Methods Study design: randomised, double controlled study

Total duration of study: 36 months

Details of any 'run-in' period: washout period of 2 weeks

Number of study centres and location: Chengdu No 2 Hosp, Chengdu, China

Study setting and date of study: outpatients; no details given

Participants Number randomised: 286 participants

Number lost to follow-up/withdrawn: no details given

Number analysed: 286 participants

Number of interest: 286 participants

Mean age: no details given

Age range: no details given

Gender: no details given

Severity of condition: hypercholesterolaemia

Diagnostic criteria: no details given

Smoking history: no details given

Inclusion criteria: no details given

Exclusion criteria: no details given

Interventions Intervention: pravastatin 20 to 40 mg/day

Comparison: fish oil 9 g/day

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: measure of carotid plaque

Secondary outcome: no details given

Time points reported: "follow-up 36 months and checked by B-ultrasonography"

Notes Funding for trial: no details given

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Two hundred eighty six patients with carotid plaques and hypercho-
lesterolemia were assigned to a randomized double controlled study."

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Not reported

Selective reporting (re-
porting bias)

Unclear risk Not reported

Other bias Unclear risk Not reported

Zeng 2004  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind, placebo-controlled, multicentre parallel trial

Total duration of study: 4 years

Details of any 'run-in' period: no details given

Number of study centres and location: 25 centres, China

Study setting and date of study: outpatients; 17 September 2015 to 29 January 2019

Participants Number randomised: 543 participants

Number lost to follow-up/withdrawn: "126 of 543 patients did not complete the study: eligibility cri-
teria not fulfilled (1), withdraw by subject (69), adverse event (28), patient specific reasons (3), lost to
follow-up (5), non-compliance with study drug (4), met withdraw criteria (16)."

Number analysed: 543 participants

Number of interest: 543 participants

Mean age: 59.4 years

Age range: "Males aged ≥ 45 and < 70 years or females aged ≥ 55 and < 70 years."

Gender: 239 men and 304 women

Severity of condition: neurologically asymptomatic patients

Zheng 2022 
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Diagnostic criteria: "Chinese adults (men aged ≥ 45 and < 70 years or women aged ≥ 55 and < 70 years)
with subclinical atherosclerosis."

Smoking history: 92 current smokers

Inclusion criteria:

• "Provision of informed consent prior to any study-specific procedures

• Male aged ≥45 and <70 years or female aged ≥55 and <70 years

• Subjects with only hypertension (as defined blood pressure ≥140/90 mmHg or on antihypertensive
treatment) and age as CVD risk factors and subjects without hypertension who have 3 or more other
risk factors (including age) must have "Fasting LDL C of ≥120 mg/dL (3.1 mmol/L) and <160 mg/dL
(4.1mmol/L); Subjects without hypertension who have fewer than 3 other risk factors (including age)
must have "Fasting LDL-C of ≥120 mg/dL (3.1 mmol/L) and <190 mg/dL (4.9 mmol/L)

• Triglycerides <500 mg/dL (5.65 mmol/L) at Visit 1

• HDL-C levels ≤60 mg/dL (1.6 mmol/L) at Visit 1

• Maximum IMT ≥1.2 mm and <3.5 mm at any location in the carotid ultrasound scans conducted at
both Visit 2 and Visit 3

• Willing to follow all study procedures including study visits, fasting blood draws, and compliance with
study treatment regimen."

Exclusion criteria:

• "Use of pharmacologic lipid-lowering medications (eg, statins, fibrate derivatives,bile acid binding
resins, niacin, or its analogues at doses >400 mg or prescribed Chinese traditional drugs), including
cholesterol-absorption inhibitors (CAIs), and CAI/statin combination, within 12 months prior to Visit 1

• Current or recent (within 2 weeks of Visit 1) use of supplements known to alter lipid metabolism (eg,
soluble fibers [including >2 teaspoons Metamucil® or psyllium-containing supplement per day] or oth-
er dietary fiber supplements, marine oils, sterol/stanol products, or other supplement determined at
the discretion of the investigator)

• History of hypersensitivity reactions to other HMG-CoA reductase inhibitors

• Pregnant women, women who are breast-feeding, and women of childbearing potential who are not
using chemical or mechanical contraception or who have a positive serum pregnancy test

• Clinical evidence of coronary artery disease (CAD) or any other atherosclerotic disease such as angina,
MI, transient ischemic attack, symptomatic CAD, cerebrovascular accident, percutaneous coronary
intervention, coronary artery bypass graR, peripheral arterial disease, abdominal aortic aneurysm

• History of cancer (other than basal cell carcinoma) in the past 2 years

• Uncontrolled hypertension defined as either a mean resting diastolic blood pressure of ≥110 mmHg
or a resting systolic blood pressure of ≥180 mmHg recorded at any time during the screening period

• History of diabetes mellitus or current diabetes mellitus

• Uncontrolled hypothyroidism defined as a thyroid stimulating hormone (TSH) >1.5 times the upper
limit of normal (ULN) at Visit 1 or subjects whose thyroid replacement therapy was initiated within
the last 3 months

• History of heterozygous or homozygous familial hypercholesterolemia or known hyperlipoproteine-
mia Types I, III, IV, or V (familial dysbetalipoproteinemia)

• Use of the disallowed concomitant medications within 12 months prior to Visit 1

• History of alcohol and/or drug abuse within the past 5 years

• Active liver disease or hepatic dysfunction as defined by elevations of ≥1.5 x ULN at Visit 1 in any of
the following liver function tests: ALT, AST or bilirubin

• Serum creatine kinase (CK) >3 x ULN at Visit 1

• Serum creatinine >2.0 mg/dL (177 mmol/L) recorded during the screening period

• Participation in another investigational drug study, and having ingested investigational drug ≤4 weeks
before enrollment in the screening period

• Previous randomization in the present study

• History of a significant medical or psychological condition that, in the opinion of the investigator,
would compromise the subject's safety or successful participation in the study

Zheng 2022  (Continued)
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• Involvement in the planning and/or conduct of the study (applies to both AstraZeneca staJ and/or
staJ at the study site)"

Interventions Intervention: 20 mg rosuvastatin tablets, orally once daily

Comparison: placebo

Concomitant medications: no details given

Excluded medications: no details given

Outcomes Primary outcome: "annualized rate of change in mean of the maximum (MeanMax) CIMT measure-
ments from each of the 12 carotid artery sites"

Secondary outcomes: "(1) the annualized rate of change in the MeanMax CIMT of the near and far
walls of the right and leR CCA, carotid bulb, or ICA; (2) the annualized rate of change in the mean of the
mean CIMT of the near and far walls of the right and leR CCA; and (3) the percentage change from base-
line in LDL-C (low-density lipoprotein cholesterol), total cholesterol, HDL-C (high-density lipoprotein
cholesterol), triglycerides, non–HDL-C, apoB, apo AI, non–HDL-C/HDL-C, and apoB/apo AI."

Time points reported

• "Changes in carotid wall: time frame: at 40 weeks and 104 weeks

• Safety: time frame: 2 weekly for first 4 weeks then 4 weekly

• Other changes: time frame: at 40 weeks and 104 weeks"

Notes Funding for trial: "this research was supported by AstraZeneca, London, UK, and the National Insti-
tutes of Health, Bethesda, MD (T-32, HL07838)."

Notable conflicts of interest of trial authors: "Michiel L. Bots declares no conflicts of interest, apart
from being paid for his services by the organization that received the METEOR-China grant from As-
traZeneca to run the study. The payment went to UMC Utrecht. Drs Karlson, Zhao, Wei, and Meng are
employees of AstraZeneca. The other authors report no conflicts."

Protocol: NCT02546323

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was 1:1 using block size 4, stratified by ischemic CVD
risk (<5% or 5%–<10%)"

Allocation concealment
(selection bias)

Low risk Quote: "allocation was completed sequentially via an interactive web/voice-
response system"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Subjects, investigators, study site personnel, sonographers, ultra-
sound image readers, and sponsor personnel involved with data review and
analysis will remain blinded to the study treatment throughout the study."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Subjects, investigators, study site personnel, sonographers, ultra-
sound image readers, and sponsor personnel involved with data review and
analysis will remain blinded to the study treatment throughout the study."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome measures have been reported in the results section

Zheng 2022  (Continued)
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Selective reporting (re-
porting bias)

Low risk All outcomes were reported

Other bias Low risk No other source of bias detected

Zheng 2022  (Continued)

 
 

Study characteristics

Methods Study design: randomised, single-centre, open-label trial

Total duration of study: 2 years

Details of any 'run in' period: "Participants underwent 2-week washout period during which they re-
ceived 160 mg of micronized fenofibrate daily in combination with hypotensive agents (Benazepril 10 –
20 mg/day and/or Amlodipine 5–10 mg/day) in an attempt to bring the blood pressure to < 140/90 mm
Hg or achieve a 15% reduction of baseline blood pressure."

Number of study centres and location: Clinical Medical College of Shandong University.

Study setting and date of study: outpatients, September 2001 to June 2003

Participants Number randomised: 225 participants

Number lost to follow-up/withdrawn: no details given

Number analysed: 225 participants

Number of interest: 225 participants

Mean age: 61.1 (10.8) in control group and 60.3 (11.9) years in treatment group

Age range: no details given

Gender: 139 men and 86 women

Severity of condition: essential hypertension

Diagnostic criteria: blood pressure >140/90 mm Hg

Smoking historxy: no details given

Inclusion criteria: "The major inclusion criteria were total cholesterol > 5.20 mmol/L, LDL-cholesterol >
3.40 mmol/L, or triglyceride > 2.30 mmol/L, carotid IMT > 1.0 mm, or atherosclerotic plaque > grade 1."

Exclusion criteria: "Patients with diabetes mellitus, coronary artery disease, previous stroke, renal
dysfunction, peripheral vascular disease, chronic inflammatory diseases, or malignant disease were ex-
cluded from the study. During the 2-week washout period, participants unable to tolerate the medica-
tion or those with poor compliance or blood pressure control were excluded from the study."

Interventions Intervention: "160 mg of micronized fenofibrate daily + antihypertensive drug therapy (Benazepril 10 –
20 mg/day and/ or Amlodipine 5–10 mg/day)."

Comparison: "only antihypertensive drug therapy (Benazepril 10 –20 mg/day and/ or Amlodipine 5–10
mg/day)."

Outcomes Primary outcome: evaluation of carotid atherosclerosis

Secondary outcomes: biochemical assays, incidence of stroke and adverse events

Zhu 2006 
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Time points reported: at baseline and at the end of the observation period (24 months)

Notes Funding for trial: "This study was supported in part by Jinan Science and Technology Research Foun-
dation, Jinan, China."

Notable conflicts of interest of trial authors: no details given

Protocol: no details given

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quoted "Participants randomly assigned to the treatment group by research
investigators"

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quoted "To minimise the variation of sonography imaging, 2 sonographers,
under blinded conditions, performed measurements, and the values of IMT
and D were taken as the means of 10 measurements."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Not reported lost to follow-up/withdrawn

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported.

Other bias Low risk All prespecified outcomes reported.

Zhu 2006  (Continued)

a-GI: alpha-glucosidase inhibitor;ACE: angiotensin-converting-enzyme; API: ankle pressure index; ALT: alanine aminotransferase; ARBs:
angiotensin receptor blockers; AST: aspartate transaminase; ATP: Adult Treatment Panel; BG: biguanide; BP: blood pressure; CCA:
common carotid artery; CCB: calcium-channel blockers; CCr: clearance of creatinine; CHD: coronary heart disease; C-IMT: carotid intima-
media thickness; CITP: carboxy-terminal telopeptide of collagen type I; CK; creatine kinase; CPK: creatine phosphokinase; Cr: creatinine;
CR/XL: controlled release/extended release; CVD: cardiovascular disease; DBP: diastolic blood pressure; ECG: electrocardiogram;
EPA: ethyl icosapentate; ESRD: end-stage renal disease; GITS: gastrointestinal therapeutic system; GSM: Gray-Scale Median; HCTZ:
hydrochlorothiazide ; HDL: high-density lipoprotein ; HDL-C: high-density lipoprotein cholesterol; HMG-CoA: hydroxymethylglutaryl-
coenzyme A reductase inhibitor; HMPAO-SPECT: Technetium-99m hexamethyl propyleneimine oxime; HPAQ: Habitual Physical Activity
Questionnaire; hs-CRP: high-sensitivity C-reactive protein; HYRIM: Hypertension High Risk Management trial; IBS: integrated backscatter;
ICA: internal carotid artery; IL-6: Interleukin 6; IMT: intima-media thickness;IMT-Cmax: maximum common carotid artery IMT;IMT-
Bmax: maximum carotid bulb IMT; INR: international normalised ratio; ITT: intention-to-treat; JASGL: Japan Atherosclerosis Society
Guidelines for Lipids; LDL: low-density lipoprotein; LDL-C: low-density lipoprotein cholesterol; LV: leR ventricular; MACE: major adverse
clinical events; max: maximum; MI: myocardial infarction; MRI: magnetic resonance imaging; NYHA: New York Heart Association; OPN:
osteopontin; OPG: osteoprotegerin; PPAR-g agonist: peroxisome proliferator-activated receptor; PIIIP: carboxy-terminal of procollagen
type III; PV: plaque volume; RA inhibitor: renin–angiotensin inhibitor; RLP-C: remnant-like particles-cholesterol; SBP: systolic blood
pressure; sFasL: solubilised Fas ligand; TIA: transient ischaemic attack; TG: triglycerides; USPIO: ultra-small superparamagnetic particles
of iron oxide ; VHAS: The Verapamil-Hypertension Atherosclerosis Study; VWA: vessel wall area
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Study Reason for exclusion

Anand 2018 Ineligible population. Less than 50% of the population was of interest and data on the subgroup of
interest were unavailable

Bondjers 2000 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Davidson 2012 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Duman 2007 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Esposito 2004 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Fayad 2011 Ineligible population. The study did not evaluate carotid stenosis. Instead, it assessed arterial in-
flammation, defined as an arterial tissue-to-blood ratio (TBR) of 1.6 or higher. TBR was assessed
as 18F-FDG (F-fluorodeoxyglucose) uptake, measured by PET/CT (positron emission tomogra-
phy-computed tomography) scan. It has been suggested that 18F-FDG-PET/CT could be used to
measure inflammation within atherosclerosis plaque and potentially track its change with appro-
priate therapies.

Hosomi 2001 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Huang 2006 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Ichihara 2006 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Igase 2012 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Ito 2004 Ineligible population. This study did not subgroup participants by IMT test value, and we were un-
able to extract data specific to our population of interest.

Koeijvoets 2005 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Laurora 1998 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Ludwig 2002 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Mazzone 2006 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Meuwese 2009 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Mizuguchi 2008 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.
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Study Reason for exclusion

Mok 2010 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Mortsell 2007 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Oyama 2008 Ineligible population. This study did not subgroup participants by IMT test value, and we were un-
able to extract data specific to our population of interest.

Persson 1996 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Pontremoli 2001 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Saremi 2013 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Stanton 2001 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Stumpe 1994 Ineligible population. The study excluded people with stenosis or plaques of the common carotid
arteries and of the internal carotid arteries of 70% of luminal diameter.

Tasić 2006 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Vukusich 2010 Ineligible population. This study did not subgroup participants by IMT test value, and we were un-
able to extract data specific to our population of interest.

Yamasaki 2010 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Yilmaz 2004 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

Yokoyama 2005 Ineligible population. The study’s participants had an IMT test value of less than 1.3 mm, meaning
they did not have carotid stenosis according to our definition.

IMT: intima-media thickness
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Carotid plaque stabilisation and regression with evolocumab (CARUSO)

Methods Study design: randomised, pre-controlled, parallel-assignment, single-blinded (investigator, out-
comes assessor)

Number of study centres and location: 1 centre, Italy

Participants Number of participants: 130

Age: 18 to 80 years old

Gender: all sexes

Aranzulla 2021 
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Inclusion criteria: asymptomatic patients with uni- or bilateral carotid artery stenosis ≥ 50% and
low-density lipoprotein cholesterol (LDL-C) values ≥ 100 mg/dL despite ongoing lipid-lowering
therapy

Exclusion criteria

• "age > 18 or ≤ 81 years old

• known intolerance to evolocumab

• ongoing or previous treatment with PCSK9i [proprotein convertase subtilisin/kexin type 9]

• prior stroke or transient ischemic attack

• total carotid occlusion

• major active infection or major haematologic, renal, hepatic, or endocrine dysfunction

• malignancy with life expectancy below 24 months

• failure to sign informed consent "

Interventions Intervention: subcutaneous evolocumab 140 mg will be administered every 2 weeks on top of op-
timal lipid-lowering therapy

Comparison: no further treatment besides optimal lipid-lowering therapy will be administered

Outcomes Primary outcome measures: "(a) carotid plaque morphological stabilization at 6-month fol-
low-up, defined as the disappearance of ulcerations and fluJy components, and achievement of a
regular plaque morphology with prevalence of fibrous atheroma (type III or IV), estimated by DUS
and/or MRI, or CT; and/or (b) carotid plaque regression at 12 months, defined as reduction of the
entity of the stenosis and/or PSV by at least 5%, as compared with baseline" 

Secondary outcome measures: "absolute and percentage changes of LDL-C values; HDL-C [high-
density lipoprotein cholesterol], total cholesterol, triglicerides, Lp(a), and apoB will be also ana-
lyzed; collect data on adverse cerebrovascular and cardiac events (all-cause mortality, cardiovas-
cular mortality, stroke, myocardial infarction, any cardiac or peripheral revascularization)"

Starting date 1 March 2021

Contact information Tiziana Claudia Aranzulla, MD, +390115085038, taranzulla@mauriziano.it

Notes Funding for trial: Azienda Ospedaliera Ordine Mauriziano di Torino

Aranzulla 2021  (Continued)

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Antiplatelet agent versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Ipsilateral major or dis-
abling stroke

1   Risk Ratio (IV, Random, 95% CI) Totals not selected

1.2 Stroke-related mortality 1   Risk Ratio (IV, Random, 95% CI) Totals not selected

1.3 Major bleeding 1   Risk Ratio (IV, Random, 95% CI) Totals not selected

1.4 Progression of carotid
stenosis

1   Risk Ratio (IV, Random, 95% CI) Totals not selected
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.5 Adverse events 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

 
 

Analysis 1.1.   Comparison 1: Antiplatelet agent versus placebo, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Côté 1995 (1)

Antiplatelet
Events

11

Total

188

Placebo
Events

10

Total

184

Risk Ratio
IV, Random, 95% CI

1.08 [0.47 , 2.47]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antiplatelet Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Antiplatelet (acetylsalicylic acid) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 1.2.   Comparison 1: Antiplatelet agent versus placebo, Outcome 2: Stroke-related mortality

Study or Subgroup

Côté 1995 (1)

Antiplatelet
Events

10

Total

188

Placebo
Events

7

Total

184

Risk Ratio
IV, Random, 95% CI

1.40 [0.54 , 3.59]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antiplatelet Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Antiplatelet agent (acetylsalicylic acid) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.3.   Comparison 1: Antiplatelet agent versus placebo, Outcome 3: Major bleeding

Study or Subgroup

Côté 1995 (1)

Antiplatelet
Events

1

Total

188

Placebo
Events

1

Total

184

Risk Ratio
IV, Random, 95% CI

0.98 [0.06 , 15.53]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antiplatelet Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Anitplatelet agent (acetylsalicylic acid) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 1.4.   Comparison 1: Antiplatelet agent versus placebo, Outcome 4: Progression of carotid stenosis

Study or Subgroup

Côté 1995 (1)

Antiplatelet
Events

44

Total

188

Placebo
Events

37

Total

184

Risk Ratio
IV, Random, 95% CI

1.16 [0.79 , 1.71]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antiplatelet Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Antiplatelet agent (acetylsalicylic acid) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 1.5.   Comparison 1: Antiplatelet agent versus placebo, Outcome 5: Adverse events

Study or Subgroup

Côté 1995 (1)

Antiplatelet
Events

14

Total

188

Placebo
Events

17

Total

184

Risk Ratio
M-H, Fixed, 95% CI

0.81 [0.41 , 1.59]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours antiplatelet Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Antiplatelet agent (acetylsalicylic acid) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Comparison 2.   Antihypertensive agent versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Ipsilateral major or disabling
stroke

1   Risk Ratio (IV, Random, 95%
CI)

Totals not selected

2.2 Stroke-related mortality 1   Risk Ratio (IV, Random, 95%
CI)

Totals not selected

2.3 Progression of carotid stenosis 1   Risk Ratio (IV, Random, 95%
CI)

Totals not selected

 
 

Analysis 2.1.   Comparison 2: Antihypertensive agent versus
placebo, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Hedblad 2001 (1)

Antihypertensive
Events

1

Total

396

Placebo
Events

7

Total

397

Risk Ratio
IV, Random, 95% CI

0.14 [0.02 , 1.16]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antihypertensive Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Antihypertensive (metoprolol) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 2.2.   Comparison 2: Antihypertensive agent versus placebo, Outcome 2: Stroke-related mortality

Study or Subgroup

Hedblad 2001 (1)

Antihypertensive
Events

4

Total

396

Placebo
Events

7

Total

397

Risk Ratio
IV, Random, 95% CI

0.57 [0.17 , 1.94]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antihypertensive Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Antihypertensive (metoprolol) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 2.3.   Comparison 2: Antihypertensive agent versus placebo, Outcome 3: Progression of carotid stenosis

Study or Subgroup

Sutton-Tyrrell 1994 (1)

Antihypertensive
Events

10

Total

71

Placebo
Events

18

Total

58

Risk Ratio
IV, Random, 95% CI

0.45 [0.23 , 0.91]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antihypertensive Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

−

G

+

Footnotes
(1) Antihypertensive (chlorthalidone) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 3.   One antihypertensive agent plus lipid-lowering agent versus another antihypertensive agent plus
lipid-lowering agent

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Ipsilateral major or disabling stroke 1   Risk Ratio (IV, Random, 95%
CI)

Totals not select-
ed

 
 

Analysis 3.1.   Comparison 3: One antihypertensive agent plus lipid-lowering agent versus another
antihypertensive agent plus lipid-lowering agent, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Zanchetti 2004 (1)

Antihypertensive A + lipid lowering
Events

0

Total

126

Antihypertensive B + lipid lowering
Events

1

Total

128

Risk Ratio
IV, Random, 95% CI

0.34 [0.01 , 8.23]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antihypertensive A + lipid lowering Favours antihypertensive B + lipid lowering

Risk of Bias
A

+

B

?

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Antihypertensive A (hydrochlorothiazide) versus Antihypertensive B (fosinopril); + lipid lowering (pravastatin)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 4.   Anticoagulant agent versus placebo

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Major bleeding 1   Risk Ratio (IV, Random, 95% CI) Totals not selected

4.2 Adverse events 1 919 Risk Ratio (IV, Random, 95% CI) 0.89 [0.81, 0.99]
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Analysis 4.1.   Comparison 4: Anticoagulant agent versus placebo, Outcome 1: Major bleeding

Study or Subgroup

Furberg 1994 (1)

Anticoagulant
Events

142

Total

458

Placebo
Events

120

Total

461

Risk Ratio
IV, Random, 95% CI

1.19 [0.97 , 1.46]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours anticoagulant Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Anticoagulant (warfarin) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 4.2.   Comparison 4: Anticoagulant agent versus placebo, Outcome 2: Adverse events

Study or Subgroup

Furberg 1994 (1)

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.10 (P = 0.04)
Test for subgroup differences: Not applicable

Anticoagulant
Events

264

264

Total

458

458

Placebo
Events

297

297

Total

461

461

Weight

100.0%

100.0%

Risk Ratio
IV, Random, 95% CI

0.89 [0.81 , 0.99]

0.89 [0.81 , 0.99]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours anticoagulant Favours placebo

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Anticoagulant (warfarin) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 5.   Lipid-lowering agent versus placebo or no treatment

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.1 Ipsilateral major or dis-
abling stroke

5 2235 Risk Ratio (M-H, Random, 95% CI) 0.36 [0.09, 1.53]

5.2 Stroke-related mortality 2 1366 Risk Ratio (IV, Random, 95% CI) 0.25 [0.03, 2.29]

5.3 Adverse events 7 3726 Risk Ratio (M-H, Random, 95% CI) 0.76 [0.53, 1.10]
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Analysis 5.1.   Comparison 5: Lipid-lowering agent versus placebo
or no treatment, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Furberg 1994 (1)
Zeng 2004 (2)
Yamada 2009 (3)
Salonen 1995 (4)
Zheng 2022 (5)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 1.17; Chi² = 7.16, df = 4 (P = 0.13); I² = 44%
Test for overall effect: Z = 1.38 (P = 0.17)
Test for subgroup differences: Not applicable

Lipid-lowering
Events

0
1
0
2
4

7

Total

460
144
20

224
272

1120

Placebo or no treatment
Events

5
9
2
4
0

20

Total

459
142
20

223
271

1115

Weight

16.2%
23.9%
15.6%
28.3%
16.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.09 [0.01 , 1.64]
0.11 [0.01 , 0.85]
0.20 [0.01 , 3.92]
0.50 [0.09 , 2.69]

8.97 [0.49 , 165.75]

0.36 [0.09 , 1.53]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours lipid-lowering Favours placebo or no treatment

Risk of Bias
A

+
+
+
+
+

B

+
?
?
+
+

C

+
?
−
+
+

D

+
?
+
+
+

E

+
?
+
+
+

F

+
?
+
+
+

G

+
?
+
+
+

Footnotes
(1) Lipid-lowering (lovastatin) versus placebo
(2) Lipid-lowering (pravastatin) versus no treatment (fish oil)
(3) Lipid-lowering (atorvastatin) versus no treatment (diet)
(4) Lipid-lowering (pravastatin) versus placebo
(5) Lipid-lowering (rosuvastatin) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 5.2.   Comparison 5: Lipid-lowering agent versus
placebo or no treatment, Outcome 2: Stroke-related mortality

Study or Subgroup

Furberg 1994 (1)
Salonen 1995 (2)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.05, df = 1 (P = 0.82); I² = 0%
Test for overall effect: Z = 1.22 (P = 0.22)
Test for subgroup differences: Not applicable

Lipid-lowering agent
Events

0
0

0

Total

460
224

684

Placebo or no treatment
Events

2
1

3

Total

459
223

682

Weight

52.6%
47.4%

100.0%

Risk Ratio
IV, Random, 95% CI

0.20 [0.01 , 4.15]
0.33 [0.01 , 8.10]

0.25 [0.03 , 2.29]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours lipid-lowering agent Favours placebo or no treatment

Risk of Bias
A

+
+

B

+
+

C

+
+

D

+
+

E

+
+

F

+
+

G

+
+

Footnotes
(1) Lipid-lowering (lovastatin) versus placebo
(2) Lipid-lowering (pravastatin) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 5.3.   Comparison 5: Lipid-lowering agent versus placebo or no treatment, Outcome 3: Adverse events

Study or Subgroup

Sawayama 2002 (1)
Furberg 1994 (2)
Salonen 1995 (3)
Anderssen 2005 (4)
Zheng 2022 (5)
Mercuri 1996 (3)
Crouse 2007 (5)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.13; Chi² = 13.09, df = 6 (P = 0.04); I² = 54%
Test for overall effect: Z = 1.47 (P = 0.14)
Test for subgroup differences: Not applicable

Lipid-lowering agent
Events

14
27
8
4

34
12
39

138

Total

165
460
224
142
272
151
700

2114

Placebo or no treatment
Events

21
43
12
5

35
12
11

139

Total

81
459
223
143
271
154
281

1612

Weight

15.6%
19.5%
10.9%
6.3%

20.1%
12.7%
14.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.33 [0.18 , 0.61]
0.63 [0.39 , 1.00]
0.66 [0.28 , 1.59]
0.81 [0.22 , 2.94]
0.97 [0.62 , 1.50]
1.02 [0.47 , 2.20]
1.42 [0.74 , 2.74]

0.76 [0.53 , 1.10]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours lipid-lowering agent Favours placebo or no treatment

Risk of Bias
A

+
+
+
?
+
+
+

B

?
+
+
?
+
+
+

C

?
+
+
−
+
+
+

D

+
+
+
+
+
+
+

E

+
+
+
+
+
+
+

F

+
+
+
+
+
+
+

G

+
+
+
+
+
+
+

Footnotes
(1) Lipid-lowering (probucol or pravastatin) versus no treatment
(2) Lipid-lowering (lovastatin) versus placebo
(3) Lipid-lowering (pravastatin) versus placebo
(4) Lipid-lowering (fluvastatin) versus placebo
(5) Lipid-lowering (rosuvastatin) versus placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 6.   Lipid-lowering agent plus antihypertensive agent versus antihypertensive agent

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.1 Ipsilateral major or disabling
stroke

1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

6.2 Adverse events 1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

 
 

Analysis 6.1.   Comparison 6: Lipid-lowering agent plus antihypertensive agent
versus antihypertensive agent, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Zhu 2006 (1)

Lipid-lowering agent + antihypertensive
Events

8

Total

115

Antihypertensive
Events

12

Total

110

Risk Ratio
M-H, Random, 95% CI

0.64 [0.27 , 1.50]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours lipid-lowering + antihypertensive Favours antihypertensive

Risk of Bias
A

?

B

?

C

−

D

+

E

?

F

+

G

+

Footnotes
(1) Lipid-lowering (fenofibrate) + antihypertensive (benazepril and/or amlodipine) versus antihypertensive (benazepril and/or amlodipine)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 6.2.   Comparison 6: Lipid-lowering agent plus antihypertensive
agent versus antihypertensive agent, Outcome 2: Adverse events

Study or Subgroup

Zhu 2006 (1)

Lipid-lowering agent + antihypertensive
Events

10

Total

115

Antihypertensive
Events

0

Total

110

Risk Ratio
M-H, Random, 95% CI

20.09 [1.19 , 338.84]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours lipid-lowering agent + antihypertensive Favours antihypertensive

Risk of Bias
A

?

B

?

C

−

D

+

E

?

F

+

G

+

Footnotes
(1) Lipid-lowering (fenofibrate) + antihypertensive (benazepril and/or amlodipine) versus antihypertensive (benazepril and/or amlodipine)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 7.   One lipid-lowering agent versus another lipid-lowering agent

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.1 Ipsilateral major or disabling
stroke

1   Risk Ratio (IV, Random, 95%
CI)

Totals not selected

7.2 Adverse events 2 497 Risk Ratio (IV, Random, 95%
CI)

0.92 [0.30, 2.86]

 
 

Analysis 7.1.   Comparison 7: One lipid-lowering agent versus another
lipid-lowering agent, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Nohara 2012 (1)

Lipid-lowering A
Events

1

Total

167

Lipid-lowering B
Events

0

Total

165

Risk Ratio
IV, Random, 95% CI

2.96 [0.12 , 72.24]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours lipid-lowering A Favours lipid-lowering B

Risk of Bias
A

+

B

+

C

−

D

+

E

+

F

+

G

+

Footnotes
(1) Lipid-lowering A (rosuvastatin) versus lipid-lowering B (pravastatin)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 7.2.   Comparison 7: One lipid-lowering agent versus
another lipid-lowering agent, Outcome 2: Adverse events

Study or Subgroup

Nohara 2012 (1)
Sawayama 2002 (2)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.55; Chi² = 4.91, df = 1 (P = 0.03); I² = 80%
Test for overall effect: Z = 0.14 (P = 0.89)
Test for subgroup differences: Not applicable

Lipid-lowering A
Events

95
5

100

Total

167
82

249

Lipid-lowering B
Events

63
11

74

Total

165
83

248

Weight

59.1%
40.9%

100.0%

Risk Ratio
IV, Random, 95% CI

1.49 [1.18 , 1.88]
0.46 [0.17 , 1.27]

0.92 [0.30 , 2.86]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours lipid-lowering A Favours lipid-lowering B

Risk of Bias
A

+
+

B

+
?

C

−
?

D

+
+

E

+
+

F

+
+

G

+
+

Footnotes
(1) Lipid-lowering A (rosuvastatin) versus lipid-lowering B (pravastatin)
(2) Lipid-lowering A (probucol) versus lipid-lowering B (pravastatin)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 8.   Two lipid-lowering agents versus one lipid-lowering agent

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8.1 Ipsilateral major or disabling
stroke

1   Risk Ratio (IV, Random, 95%
CI)

Totals not selected

8.2 Adverse events 1   Risk Ratio (IV, Random, 95%
CI)

Totals not selected

 
 

Analysis 8.1.   Comparison 8: Two lipid-lowering agents versus one
lipid-lowering agent, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Bots 2007 (1)

Two lipid-lowering agents
Events

1

Total

339

One lipid-lowering agent
Events

0

Total

344

Risk Ratio
IV, Random, 95% CI

3.04 [0.12 , 74.46]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours two lipid-lowering agents Favours one lipid-lowering agent

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Two lipid-lowering agents (torcetrapib + atorvastatin) versus one lipid-lowering agent (atorvastatin)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 8.2.   Comparison 8: Two lipid-lowering agents versus one lipid-lowering agent, Outcome 2: Adverse events

Study or Subgroup

Bots 2007 (1)

Two lipid-lowering agents
Events

16

Total

339

One lipid-lowering agent
Events

13

Total

344

Risk Ratio
IV, Random, 95% CI

1.25 [0.61 , 2.56]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours two lipid-lowering agents Favours one lipid-lowering agent

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) Two lipid-lowering agents (torcetrapib + atorvastatin) versus one lipid-lowering agent (atorvastatin)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 9.   One antihypertensive agent versus another antihypertensive agent

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

9.1 Ipsilateral major or disabling
stroke

2 2918 Risk Ratio (IV, Random, 95% CI) 0.99 [0.34, 2.87]

9.2 Adverse events 4 3239 Risk Ratio (IV, Random, 95% CI) 1.00 [0.82, 1.21]

 
 

Analysis 9.1.   Comparison 9: One antihypertensive agent versus another
antihypertensive agent, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Applegate 1991 (1)
ELSA 2002 (2)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.29; Chi² = 1.86, df = 1 (P = 0.17); I² = 46%
Test for overall effect: Z = 0.02 (P = 0.98)
Test for subgroup differences: Not applicable

Antihypertensive A
Events

6
9

15

Total

442
1012

1454

Antihypertensive B
Events

3
14

17

Total

441
1023

1464

Weight

37.5%
62.5%

100.0%

Risk Ratio
IV, Random, 95% CI

2.00 [0.50 , 7.93]
0.65 [0.28 , 1.49]

0.99 [0.34 , 2.87]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antihypertensive A Favours antihypertensive B

Risk of Bias
A

+
+

B

+
+

C

+
+

D

+
+

E

+
+

F

+
+

G

+
+

Footnotes
(1) Antihypertensive A (isradipine) versus antihypertensive B (hydrochlorothiazide)
(2) Antihypertensive A (lacidipine) versus antihypertensive B (atenolol)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 9.2.   Comparison 9: One antihypertensive agent versus
another antihypertensive agent, Outcome 2: Adverse events

Study or Subgroup

Applegate 1991 (1)
ELSA 2002 (2)
Stumpe 2007 (3)
Terpstra 2004 (4)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 3.08, df = 3 (P = 0.38); I² = 3%
Test for overall effect: Z = 0.03 (P = 0.97)
Test for subgroup differences: Not applicable

Antihypertensive A
Events

12
186

4
14

216

Total

442
1012

77
81

1612

Antihypertensive B
Events

7
201

2
11

221

Total

441
1023

78
85

1627

Weight

4.5%
87.0%

1.4%
7.1%

100.0%

Risk Ratio
IV, Random, 95% CI

1.71 [0.68 , 4.30]
0.94 [0.78 , 1.12]

2.03 [0.38 , 10.74]
1.34 [0.64 , 2.77]

1.00 [0.82 , 1.21]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours antihypertensive A Favours antihypertensive B

Risk of Bias
A

+
+
+
+

B

+
+
+
+

C

+
+
+
+

D

+
+
+
+

E

+
+
+
+

F

+
+
+
+

G

+
+
+
+

Footnotes
(1) Antihypertensive A (isradipine) versus antihypertensive B (hydrochlorothiazide)
(2) Antihypertensive A (lacidipine) versus antihypertensive B (atenolol)
(3) Antihypertensive A (olmesartan) versus antihypertensive B (atenolol)
(4) Antihypertensive A (amlodipine) versus antihypertensive B (lisinopril)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Comparison 10.   Higher dose of lipid-lowering agent versus lower dose of the same lipid-lowering agent

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

10.1 Ipsilateral major or disabling
stroke

1   Risk Ratio (IV, Random, 95%
CI)

Totals not selected

10.2 Adverse events 1   Risk Ratio (IV, Random, 95%
CI)

Totals not selected

 
 

Analysis 10.1.   Comparison 10: Higher dose of lipid-lowering agent versus lower dose
of the same lipid-lowering agent, Outcome 1: Ipsilateral major or disabling stroke

Study or Subgroup

Tang 2009 (1)

High dose of lipid-lowering agent
Events

0

Total

20

Low dose of lipid-lowering agent
Events

1

Total

20

Risk Ratio
IV, Random, 95% CI

0.33 [0.01 , 7.72]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours high dose Favours low dose

Risk of Bias
A

?

B

?

C

+

D

+

E

+

F

+

G

+

Footnotes
(1) High dose of lipid-lowering (atorvastatin 80 mg) versus low dose of lipid lowering (atorvastatin 10 mg)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 10.2.   Comparison 10: Higher dose of lipid-lowering agent versus
lower dose of the same lipid-lowering agent, Outcome 2: Adverse events

Study or Subgroup

Ikeda 2013 (1)

High dose of lipid-lowering agent
Events

12

Total

136

Low dose of lipid-lowering agent
Events

8

Total

142

Risk Ratio
IV, Random, 95% CI

1.57 [0.66 , 3.71]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours high dose Favours low dose

Risk of Bias
A

+

B

+

C

−

D

+

E

+

F

+

G

+

Footnotes
(1) High dose of lipid-lowering agent (pitavastatina 3 (± 1.2) mg) versus low dose of lipid-lowering agent (pitavastatin 1.9 (± 0.8) mg)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 

 

A D D I T I O N A L   T A B L E S
 

Term Definition

Amaurosis fugax Transient monocular visual loss associated with vascular thromboembolic events arising from the
internal carotid arterial system

Anticoagulants Drugs that suppress, delay, or prevent blood clots

Antiplatelet agents Drugs which prevent blood clots by inhibiting platelet function

Atherosclerosis A disease characterised by a build-up of abnormal fat, cholesterol and platelet deposits on the in-
ner wall of the arteries

Atheromatous plaques A fatty deposit in the inner lining (intima) of an artery, resulting from atherosclerosis

Atherosclerotic debris Pieces of atheromatous plaque that can break oJ and be carried by the bloodstream

Body mass index (BMI) Body mass divided by the square of the body height, universally expressed in units of kg/m2

Computed tomography an-
giography (CTA)

Computed tomography scanning that uses an injection of contrast material into the blood vessels
to help diagnose and evaluate blood vessel disease or related conditions

Digital subtraction angiogra-
phy (DSA)

Fluoroscopy technique used in interventional radiology to clearly visualise blood vessels in a bony
or dense soR tissue environment

Direct thrombin inhibitors A drug that acts as an anticoagulant by directly inhibiting the enzyme thrombin (factor IIa)

Duplex ultrasound Non-invasive evaluation of blood flow through the arteries and veins by ultrasound devices

Dyslipidaemia Abnormal concentration of fats (lipids or lipoproteins) in the blood

Embolism Obstruction of an artery or vein, typically by a clot of blood or an air bubble

Fator Xa inhibitors A type of anticoagulant that works by selectively and reversibly blocking the activity of clotting fac-
tor Xa, preventing clot formation

Table 1.   Glossary of terms 

Pharmacological interventions for asymptomatic carotid stenosis (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

121



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Heparin A drug which is used to prevent blood clotting (anticoagulant, blood thinner)

Ipsilateral encephalic territo-
ries

The same side of the brain

Low molecular weight heparin A drug which is used to prevent blood clotting (anticoagulant)

Magnetic resonance angiogra-
phy (MRA)

A group of techniques based on magnetic resonance imaging (MRI) to image blood vessels

Obesity A condition where the amount of body fat is beyond healthy conditions (BMI greater than 30 kg/m2)

Oedema Excess watery fluid which collects in tissues of the body, causing swelling when fluid leaks out of
the body's vessels

Overweight Where body fat is over that of the average population, but less than unhealthy conditions (BMI be-

tween 25 kg/m2 and 30 kg/m2)

Placebo Substance or treatment with no active effect, like a sugar pill

Randomised controlled trial
(RCT)

A study in which the participants are divided randomly into separate groups to compare different
treatments

Stroke Neurological deficit attributed to an acute focal injury of the central nervous system by a vascular
cause, persisting ≥ 24 hours or until death

Thrombosis Local coagulation of blood (clot) in a part of the circulatory system

Transient ischaemic attack
(TIA)

A transient episode (less than 24 hours) of neurological dysfunction caused by focal brain, spinal
cord, or retinal ischaemia without acute infarction

Unfractionated heparin (UFH) A mixture of heparins obtained from animals which is used to prevent blood coagulation. Used to
prevent and treat clotting disorders

Vascular Relating to blood vessels (arteries and veins)

Vitamin K antagonists (VKAs) Substances that reduce blood clotting by reducing the action of vitamin K

Table 1.   Glossary of terms  (Continued)

 
 

Consensus panel based on Grant 2003

Primary parameters Additional parametersDegree of stenosis (%)

ICA PSV (cm/sec) Plaque estimate (%)* ICA/CCA PSV ratio ICA EDV (cm/sec)

Normal < 125 None < 2.0 < 40

< 50% < 125 < 50 < 2.0 < 40

50% to 69% 125 to 230 ≥ 50 2.0 to 4.0 40 to 100

≥ 70% but less than near oc-
clusion

> 230 ≥ 50 > 4.0 > 100

Table 2.   DUS criteria for internal carotid stenosis 
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Near occlusion High, low or unde-
tectable

Visible Variable Variable

Total occlusion Undetectable Visible, no detectable
lumen

Not applicable Not applicable

*Plaque estimate (diameter reduction) based on DUS B-mode and on additional colour mode ultrasound.

Table 2.   DUS criteria for internal carotid stenosis  (Continued)

CCA: common carotid artery
DUS: duplex ultrasound
EDV: end diastolic velocity
ICA: internal carotid artery
PSV: peak systolic velocity
 
 

One antihypertensive agent plus lipid-lowering agent compared to another antihypertensive agent plus lipid-lowering agenta

for asymptomatic carotid stenosis

Patient or population: asymptomatic carotid stenosis

Setting: outpatients

Intervention: one antihypertensive agent plus lipid-lowering agent

Comparison: another antihypertensive agent plus lipid-lowering agent

Anticipated absolute effectsOutcomes (measure-
ment/time point)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Relative ef-
fect
(95% CI) Risk with another

antihypertensive
agent plus lipid-
lowering agent

Risk difference with
one antihypertensive
agent plus lipid-lower-
ing agent

Neurological impairment The included study did not measure this outcome.

Ipsilateral major or disabling
stroke

(not reported)

254

(1 RCT)b
⨁⨁◯◯

Lowc

RR 0.34
(0.01 to 8.23)

8 per 1000 5 fewer per 1000
(8 fewer to 56 more)

Stroke-related mortality The included study did not measure this outcome.

Major bleeding The included study did not measure this outcome.

Progression of carotid steno-
sis

The included study did not measure this outcome.

Adverse events The included study did not measure this outcome.

Quality of life The included study did not measure this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; №: number; RR: risk ratio; SoF: summary of findings

Table 3.   Additional SoF table: one antihypertensive agent plus lipid-lowering agent compared to another
antihypertensive agent plus lipid-lowering agent for asymptomatic carotid stenosis 

Pharmacological interventions for asymptomatic carotid stenosis (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

123



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

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 ef-
fect, 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

Table 3.   Additional SoF table: one antihypertensive agent plus lipid-lowering agent compared to another
antihypertensive agent plus lipid-lowering agent for asymptomatic carotid stenosis  (Continued)

aOne study included in this comparison
bHydrochlorthiazide + pravastatin versus fosinopril + pravastatin
cDowngraded two levels due to imprecision: few participants, few studies, and 95% CI consistent with possible benefit and possible harm
 
 

Lipid-lowering agent plus antihypertensive agent compared to antihypertensive agenta for asymptomatic carotid stenosis

Patient or population: asymptomatic carotid stenosis

Setting: outpatients

Intervention: lipid-lowering agent plus antihypertensive agent

Comparison: antihypertensive agent

Anticipated absolute effectsOutcomes (measure-
ment/time point)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Relative ef-
fect
(95% CI) Risk with an-

tihyperten-
sive agent

Risk difference with
lipid-lowering agent plus
antihypertensive agent

Neurological impairment The included study did not measure this outcome.

Ipsilateral major or disabling
stroke (physical examination,
CT scan)

225

(1 RCT)b
⨁◯◯◯

Very lowc,d

RR 0.64
(0.27 to 1.50)

109 per 1000 39 fewer per 1000
(80 fewer to 55 more)

Stroke-related mortality The included study did not measure this outcome.

Major bleeding The included study did not measure this outcome.

Progression of carotid stenosis The included study did not measure this outcome.

Adverse events (not reported) 225

(1 RCT)b
⨁◯◯◯

Very lowc,d

RR 20.09
(1.19 to
338.84)

0 per 1000 0 fewer per 1000
(0 fewer to 0 fewer)

Quality of life The included study did not measure this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; №: number; RR: risk ratio; SoF: summary of findings

GRADE Working Group grades of evidence

Table 4.   Additional SoF table: lipid-lowering agent plus antihypertensive agent compared to antihypertensive
agent for asymptomatic carotid stenosis 
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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 ef-
fect, 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.

Table 4.   Additional SoF table: lipid-lowering agent plus antihypertensive agent compared to antihypertensive
agent for asymptomatic carotid stenosis  (Continued)

aOne study in this comparison
bFenofibrate + benazepril and/or amlodipine versus benazepril and/or amlodipine
cDowngraded one level due to high risk of bias for blinding of participants and personnel (open-label study)
dDowngraded two levels due to imprecision: few participants, few studies, and 95% CI consistent with possible benefit and possible harm
 
 

One lipid-lowering agent compared to another lipid-lowering agenta for asymptomatic carotid stenosis

Patient or population: asymptomatic carotid stenosis

Setting: outpatients

Intervention: one lipid-lowering agent

Comparison: another lipid-lowering agent

Anticipated absolute effectsOutcomes (measurement/time
point)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Relative ef-
fect
(95% CI) Risk with an-

other lipid-
lowering
agent

Risk difference with
one lipid-lowering
agent

Neurological impairment Neither included study measured this outcome.

Ipsilateral major or disabling
stroke (not reported)

332

(1 RCT)b
⨁◯◯◯

Very lowc,d

RR 2.96
(0.12 to 72.24)

0 per 1000 0 fewer per 1000
(0 fewer to 0 fewer)

Stroke-related mortality Neither included study measured this outcome.

Major bleeding Neither included study measured this outcome.

Progression of carotid stenosis Neither included study measured this outcome.

Adverse events (laboratory mea-
surement/1, 2, 4, 6, 12, 18, and 24
months)

497

(2 RCTs)e
⨁◯◯◯

Very lowc,d

RR 0.92
(0.30 to 2.86)

298 per 1000 24 fewer per 1000
(209 fewer to 555 more)

Quality of life Neither included study measured this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; №: number; RCT: randomised controlled trial; RR: risk ratio; SoF: summary of findings

GRADE Working Group grades of evidence

Table 5.   Additional SoF table: one lipid-lowering agent compared to another lipid-lowering agent for asymptomatic
carotid stenosis 

Pharmacological interventions for asymptomatic carotid stenosis (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

125



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

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 ef-
fect, 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.

Table 5.   Additional SoF table: one lipid-lowering agent compared to another lipid-lowering agent for asymptomatic
carotid stenosis  (Continued)

aTwo studies included in this comparison
bRosuvastatin versus pravastatin
cDowngraded one level due to high risk of bias (blinding)
dDowngraded two levels due to imprecision: few events, few studies, and 95% CI consistent with possible benefit and possible harm
eRosuvastatin versus pravastatin; probucol versus pravastatin
 
 

Two lipid-lowering agents compared to one lipid-lowering agenta for asymptomatic carotid stenosis

Patient or population: asymptomatic carotid stenosis

Setting: outpatients

Intervention: two lipid-lowering agents

Comparison: one lipid-lowering agent

Anticipated absolute effectsOutcomes

(measurement/time point)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Relative ef-
fect
(95% CI) Risk with one

lipid-lower-
ing agent

Risk difference with
two lipid-lowering
agents

Neurological impairment The included study did not measure this outcome.

Ipsilateral major or disabling
stroke (not reported)

683

(1 RCT)b
⨁⨁◯◯

Lowc

RR 3.04
(0.12 to 74.46)

0 per 1000 0 fewer per 1000
(0 fewer to 0 fewer)

Stroke-related mortality The included study did not measure this outcome.

Major bleeding The included study did not measure this outcome.

Progression of carotid stenosis The included study did not measure this outcome.

Adverse events (not reported) 683

(1 RCT)b
⨁⨁◯◯

Lowc

RR 1.25
(0.61 to 2.56)

38 per 1000 9 more per 1000
(15 fewer to 59 more)

Quality of life The included study did not measure this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; №: number; RCT: randomised controlled trial; RR: risk ratio; SoF: summary of findings

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.

Table 6.   Additional SoF table: two lipid-lowering agents compared to one lipid-lowering agent for asymptomatic
carotid stenosis 
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Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the ef-
fect, 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.

Table 6.   Additional SoF table: two lipid-lowering agents compared to one lipid-lowering agent for asymptomatic
carotid stenosis  (Continued)

aOne study included in this comparison
bTorcetrapib plus atorvastatin versus atorvastatin alone
cDowngraded two levels due to imprecision: few events, one study, and 95% CI consistent with possible benefit and possible harm
 
 

One antihypertensive agent compared to another antihypertensive agenta for asymptomatic carotid stenosis

Patient or population: asymptomatic carotid stenosis

Setting: outpatients

Intervention: one antihypertensive agent

Comparison: another antihypertensive agent

Anticipated absolute effectsOutcomes

(measurement/time point)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Relative ef-
fect
(95% CI) Risk with an-

other antihy-
pertensive
agent

Risk difference
with one antihy-
pertensive agent

Neurological impairment The included studies did not measure this outcome.

Ipsilateral major or disabling stroke

(review meeting/semi-annualb; review

meeting/3 timesc)

2918

(2 RCTs)d
⨁⨁◯◯

Lowe

RR 0.99
(0.34 to 2.87)

12 per 1000 0 fewer per 1000
(8 fewer to 22 more)

Stroke-related mortality The included studies did not measure this outcome.

Major bleeding The included studies did not measure this outcome.

Progression of carotid stenosis The included studies did not measure this outcome.

Adverse events (only reported for two
studies: one used review meeting/se-

mi-annualb; the other used review

meeting/3 timesc)

3239

(4 RCTs)f
⨁⨁◯◯

Lowe

RR 1.00
(0.82 to 1.21)

136 per 1000 0 fewer per 1000
(24 fewer to 29
more)

Quality of life The included studies did not measure this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

CI: confidence interval; №: number; RCT: randomised controlled trial;RR: risk ratio; SoF: summary of findings

GRADE Working Group grades of evidence

Table 7.   Additional SoF table: one antihypertensive agent compared to another antihypertensive agent for
asymptomatic carotid stenosis 
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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 ef-
fect, 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.

Table 7.   Additional SoF table: one antihypertensive agent compared to another antihypertensive agent for
asymptomatic carotid stenosis  (Continued)

aFour studies included in this comparison
bApplegate 1991
cELSA 2002
dIsrapidin versus hydrochlorothiazide; lacidipine versus atenolol
eDowngraded two levels due to imprecision: few events, few studies, and 95% CI consistent with possible benefit and possible harm
fIsrapidin versus hydrochlorothiazide; lacidipine versus atenolol; olmesartan versus atenolol; amlodipine versus lisinopril
 
 

Higher dose of lipid-lowering agent compared to lower dose of the same lipid-lowering agenta for asymptomatic carotid
stenosis

Patient or population: asymptomatic carotid stenosis

Setting: outpatients

Intervention: higher dose of lipid-lowering agent

Comparison: lower dose of the same lipid-lowering agent

Anticipated absolute effectsOutcomes

(measurement/time point)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Relative ef-
fect
(95% CI) Risk with low-

er dose of the
same lipid-
lowering agent

Risk difference with
higher dose of lipid-
lowering agent

Neurological impairment Neither included study measured this outcome.

Ipsilateral major or disabling
stroke

(not reported)

40

(1 RCT)b
⨁⨁◯◯

Lowc

RR 0.33
(0.01 to 7.72)

50 per 1000 33 fewer per 1000
(50 fewer to 336 more)

Stroke-related mortality Neither included study measured this outcome.

Major bleeding Neither included study measured this outcome.

Progression of carotid stenosis Neither included study measured this outcome.

Adverse events (laboratory
measurements/baseline and 12
months)

278

(1 RCT)d
⨁◯◯◯

Very lowc,e

RR 1.57
(0.66 to 3.71)

56 per 1000 32 more per 1000
(19 fewer to 153 more)

Quality of life Neither included study measured this outcome.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of
the intervention (and its 95% CI).

Table 8.   Additional SoF table: higher dose of lipid-lowering agent compared to lower dose of the same lipid-
lowering agent for asymptomatic carotid stenosis 
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CI: confidence interval; №: number; RCT: randomised controlled trial;RR: risk ratio; SoF: summary of findings

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 ef-
fect, 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.

Table 8.   Additional SoF table: higher dose of lipid-lowering agent compared to lower dose of the same lipid-
lowering agent for asymptomatic carotid stenosis  (Continued)

aTwo studies included in this comparison
bPitavastatin
cDowngraded two levels due to imprecision: few events, few studies, and 95% CI consistent with possible benefit and possible harm
dAtorvastatin
eDowngraded one level due to high risk of bias (blinding)
 

 

A P P E N D I C E S

Appendix 1. Search strategies

CENTRAL search strategy

Cochrane Central Register of Controlled Trials (Issue 4 of 9, August 2022; last searched 9 August 2022); n = 758

#1MeSH descriptor: [Carotid Artery Diseases] this term only
#2MeSH descriptor: [Carotid Artery Thrombosis] this term only
#3MeSH descriptor: [Carotid Stenosis] this term only
#4MeSH descriptor: [Carotid Arteries] this term only
#5MeSH descriptor: [Carotid Artery, Common] this term only
#6MeSH descriptor: [Carotid Artery, External] this term only
#7MeSH descriptor: [Carotid Artery, Internal] this term only
#8{or #1-#7}
#9MeSH descriptor: [Asymptomatic Diseases] explode all trees
#10(asymptomatic):ti,ab,kw
#11#9 or #10
#12#8 AND #11

MEDLINE (Ovid) search strategy

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and Versions(R) (1946 to August 9, 2022; last
searched 9 August 2022); n = 1901

1. carotid artery diseases/ or carotid artery thrombosis/ or carotid stenosis/
2. carotid arteries/ or carotid artery, common/ or carotid artery, external/ or carotid artery, internal/
3. (carotid adj5 (stenosis or thrombo$ or disease$ or narrow$ or plaque$ or arterioscler$ or atheroscler$)).tw.
4. or/1-3
5. exp Asymptomatic Diseases/
6. asymptomatic.tw.
7. 5 or 6
8. 4 and 7
9. randomized controlled trial.pt.
10. controlled clinical trial.pt.
11. randomized.ab.
12. placebo.ab.
13. randomly.ab.
14. trial.ab.

Pharmacological interventions for asymptomatic carotid stenosis (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

129



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

15. groups.ab.
16. or/9-15
17. 8 and 16

Embase (Ovid) search strategy

Embase 1980 to 2022 Week 32 (last searched 9 August 2022); n = 4922

1. carotid artery disease/ or carotid atherosclerosis/ or exp carotid artery thrombosis/
2. carotid artery/ or carotid sinus/ or exp common carotid artery/ or external carotid artery/ or internal carotid artery/
3. (carotid adj5 (stenosis or thrombo$ or disease$ or narrow$ or plaque$ or arterioscler$ or atheroscler$)).tw.
4. or/1-3
5. asymptomatic disease/
6. asymptomatic.tw.
7. 5 or 6
8. 4 and 7
9. Randomized Controlled Trial/ or "randomized controlled trial (topic)"/
10. Randomization/
11. Controlled clinical trial/ or "controlled clinical trial (topic)"/
12. control group/ or controlled study/
13. clinical trial/ or "clinical trial (topic)"/ or phase 1 clinical trial/ or phase 2 clinical trial/ or phase 3 clinical trial/ or phase 4 clinical trial/
14. crossover procedure/
15. single blind procedure/ or double blind procedure/ or triple blind procedure/
16. placebo/ or placebo eJect/
17. (random$ or RCT or RCTs).tw.
18. (controlled adj5 (trial$ or stud$)).tw.
19. (clinical$ adj5 trial$).tw.
20. clinical trial registration.ab.
21. ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.
22. (quasi-random$ or quasi random$ or pseudo-random$ or pseudo random$).tw.
23. ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.
24. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or mask$)).tw.
25. (cross-over or cross over or crossover).tw.
26. (placebo$ or sham).tw.
27. trial.ti.
28. (assign$ or allocat$).tw.
29. controls.tw.
30. or/9-29
31. 8 and 30

LILACS/IBECS search strategy

1
mh: (carotid artery diseases) or mh: (Enfermedades de las Arterias Carótidas) or mh: (Doenças das Artérias Carótidas) or (Arterial Disease*
Carotid) or (Arterial Disease* Common Carotid) or (Arterial Disease* External Carotid) or (Arterial Disease* Internal Carotid) or (Artery
Disease* Carotid) or (Artery Disorder* Carotid) or (Atherosclerotic Disease* Carotid) or (Carotid Arterial Disease*) or (Carotid Atheroscleros*)
or (Carotid Atherosclerotic Disease*) or (Common Carotid Artery Disease*) or (External Carotid Artery Disease*) or (Internal Carotid Artery
Disease*) or C10.228.140.300.200 or C14.907.253.123 or (Aterosclerosis de la Carótida) or (Aterosclerose Carotídea) or (Aterosclerose da
Carótida)
2
mh: (carotid arteries) or mh: (Arterias Carótidas) or mh: (Artérias Carótidas) or (Arteries Carotid) or (Artery Carotid)
3
mh: (Carotid Stenosis) or mh: (Estenosis Carotídea) or mh: (Estenose das Carótidas) or (Artery Narrowing* Carotid) or (Artery Plaque*
Carotid) or (Artery Stenoses Carotid) or (Artery Stenosis Carotid) or (Carotid Artery Narrowing*) or (Carotid Artery Plaque*) or (Carotid Artery
Stenoses) or (Carotid Artery Stenosis) or (Carotid Artery Ulcerating Plaque) or (Carotid Stenoses) or (Carotid Ulcer*) or (Common Carotid
Artery Stenosis) or (External Carotid Artery Stenosis) or (Internal Carotid Artery Stenosis) or (Plaque Carotid Artery) or (Stenosis Carotid) or
(Stenosis Carotid Artery) or (Stenosis Common Carotid Artery) or (Stenosis External Carotid Artery) or (Ulcerating Plaque Carotid Artery) or
(Estrechamiento de la Arteria Carótida) or (Úlcera de la Carótida) or C10.228.140.300.200.360 or C14.907.137.230 or C14.907.253.123.360
or (Estenose Carotídea) or (Estreitamento das Artérias Carótidas) or (Úlcera Carotídea)
4
mh: Atherosclerosis or mh: Aterosclerosis or mh: Aterosclerose or Atherogenesis or Atheroscleroses or Ateroesclerosis or Aterogénesis or
Aterogênese
5
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or/1-4
mh: (carotid artery diseases) or mh: (Enfermedades de las Arterias Carótidas) or mh: (Doenças das Artérias Carótidas) or (Arterial Disease*
Carotid) or (Arterial Disease* Common Carotid) or (Arterial Disease* External Carotid) or (Arterial Disease* Internal Carotid) or (Artery
Disease* Carotid) or (Artery Disorder* Carotid) or (Atherosclerotic Disease* Carotid) or (Carotid Arterial Disease*) or (Carotid Atheroscleros*)
or (Carotid Atherosclerotic Disease*) or (Common Carotid Artery Disease*) or (External Carotid Artery Disease*) or (Internal Carotid Artery
Disease*) or C10.228.140.300.200 or C14.907.253.123 or (Aterosclerosis de la Carótida) or (Aterosclerose Carotídea) or (Aterosclerose da
Carótida) or mh: (carotid arteries) or mh: (Arterias Carótidas) or mh: (Artérias Carótidas) or (Arteries Carotid) or (Artery Carotid) or mh:
(Carotid Stenosis) or mh: (Estenosis Carotídea) or mh: (Estenose das Carótidas) or (Artery Narrowing* Carotid) or (Artery Plaque* Carotid)
or (Artery Stenoses Carotid) or (Artery Stenosis Carotid) or (Carotid Artery Narrowing*) or (Carotid Artery Plaque*) or (Carotid Artery
Stenoses) or (Carotid Artery Stenosis) or (Carotid Artery Ulcerating Plaque) or (Carotid Stenoses) or (Carotid Ulcer*) or (Common Carotid
Artery Stenosis) or (External Carotid Artery Stenosis) or (Internal Carotid Artery Stenosis) or (Plaque Carotid Artery) or (Stenosis Carotid) or
(Stenosis Carotid Artery) or (Stenosis Common Carotid Artery) or (Stenosis External Carotid Artery) or (Ulcerating Plaque Carotid Artery) or
(Estrechamiento de la Arteria Carótida) or (Úlcera de la Carótida) or C10.228.140.300.200.360 or C14.907.137.230 or C14.907.253.123.360
or (Estenose Carotídea) or (Estreitamento das Artérias Carótidas) or (Úlcera Carotídea) or mh: Atherosclerosis or mh: Aterosclerosis or mh:
Aterosclerose or Atherogenesis or Atheroscleroses or Ateroesclerosis or Aterogénesis or Aterogênese
6
mh: (Asymptomatic Diseases) or mh: (Enfermedades Asintomáticas) or mh: (Doenças Assintomáticas) or (Asymptomatic Condition*) or
(Asymptomatic Disease*) or (Asymptomatic State*) or (Disease* Pre-Symptomatic) or (Disease* Presymptomatic)
7
5 and 6
(mh: (carotid artery diseases) or mh: (Enfermedades de las Arterias Carótidas) or mh: (Doenças das Artérias Carótidas) or (Arterial Disease*
Carotid) or (Arterial Disease* Common Carotid) or (Arterial Disease* External Carotid) or (Arterial Disease* Internal Carotid) or (Artery
Disease* Carotid) or (Artery Disorder* Carotid) or (Atherosclerotic Disease* Carotid) or (Carotid Arterial Disease*) or (Carotid Atheroscleros*)
or (Carotid Atherosclerotic Disease*) or (Common Carotid Artery Disease*) or (External Carotid Artery Disease*) or (Internal Carotid Artery
Disease*) or C10.228.140.300.200 or C14.907.253.123 or (Aterosclerosis de la Carótida) or (Aterosclerose Carotídea) or (Aterosclerose da
Carótida) or mh: (carotid arteries) or mh: (Arterias Carótidas) or mh: (Artérias Carótidas) or (Arteries Carotid) or (Artery Carotid) or mh:
(Carotid Stenosis) or mh: (Estenosis Carotídea) or mh: (Estenose das Carótidas) or (Artery Narrowing* Carotid) or (Artery Plaque* Carotid)
or (Artery Stenoses Carotid) or (Artery Stenosis Carotid) or (Carotid Artery Narrowing*) or (Carotid Artery Plaque*) or (Carotid Artery
Stenoses) or (Carotid Artery Stenosis) or (Carotid Artery Ulcerating Plaque) or (Carotid Stenoses) or (Carotid Ulcer*) or (Common Carotid
Artery Stenosis) or (External Carotid Artery Stenosis) or (Internal Carotid Artery Stenosis) or (Plaque Carotid Artery) or (Stenosis Carotid) or
(Stenosis Carotid Artery) or (Stenosis Common Carotid Artery) or (Stenosis External Carotid Artery) or (Ulcerating Plaque Carotid Artery) or
(Estrechamiento de la Arteria Carótida) or (Úlcera de la Carótida) or C10.228.140.300.200.360 or C14.907.137.230 or C14.907.253.123.360
or (Estenose Carotídea) or (Estreitamento das Artérias Carótidas) or (Úlcera Carotídea) or mh: Atherosclerosis or mh: Aterosclerosis or mh:
Aterosclerose or Atherogenesis or Atheroscleroses or Ateroesclerosis or Aterogénesis or Aterogênese) and (mh: (Asymptomatic Diseases)
or mh: (Enfermedades Asintomáticas) or mh: (Doenças Assintomáticas) or (Asymptomatic Condition*) or (Asymptomatic Disease*) or
(Asymptomatic State*) or (Disease* Pre-Symptomatic) or (Disease* Presymptomatic))
8
7 and lilacs and ibecs
tw:((mh: (carotid artery diseases) OR mh: (enfermedades de las arterias carótidas) OR mh: (doenças das artérias carótidas) OR (arterial
disease* carotid) OR (arterial disease* common carotid) OR (arterial disease* external carotid) OR (arterial disease* internal carotid) OR
(artery disease* carotid) OR (artery disorder* carotid) OR (atherosclerotic disease* carotid) OR (carotid arterial disease*) OR (carotid
atheroscleros*) OR (carotid atherosclerotic disease*) OR (common carotid artery disease*) OR (external carotid artery disease*) OR (internal
carotid artery disease*) OR c10.228.140.300.200 OR c14.907.253.123 OR (aterosclerosis de la carótida) OR (aterosclerose carotídea) OR
(aterosclerose da carótida) OR mh: (carotid arteries) OR mh: (arterias carótidas) OR mh: (artérias carótidas) OR (arteries carotid) OR (artery
carotid) OR mh: (carotid stenosis) OR mh: (estenosis carotídea) OR mh: (estenose das carótidas) OR (artery narrowing* carotid) OR (artery
plaque* carotid) OR (artery stenoses carotid) OR (artery stenosis carotid) OR (carotid artery narrowing*) OR (carotid artery plaque*) OR
(carotid artery stenoses) OR (carotid artery stenosis) OR (carotid artery ulcerating plaque) OR (carotid stenoses) OR (carotid ulcer*) OR
(common carotid artery stenosis) OR (external carotid artery stenosis) OR (internal carotid artery stenosis) OR (plaque carotid artery) OR
(stenosis carotid) OR (stenosis carotid artery) OR (stenosis common carotid artery) OR (stenosis external carotid artery) OR (ulcerating
plaque carotid artery) OR (estrechamiento de la arteria carótida) OR (úlcera de la carótida) OR c10.228.140.300.200.360 OR c14.907.137.230
OR c14.907.253.123.360 OR (estenose carotídea) OR (estreitamento das artérias carótidas) OR (úlcera carotídea) OR mh: atherosclerosis OR
mh: aterosclerosis OR mh: aterosclerose OR atherogenesis OR atheroscleroses OR ateroesclerosis OR aterogénesis OR aterogênese) AND
(mh: (asymptomatic diseases) OR mh: (enfermedades asintomáticas) OR mh: (doenças assintomáticas) OR (asymptomatic condition*) OR
(asymptomatic disease*) OR (asymptomatic state*) OR (disease* pre-symptomatic) OR (disease* presymptomatic))) AND ( db:("LILACS"
OR "IBECS"))
205

US National Institutes of Health Ongoing Trials Register

US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov (www.clinicaltrials.gov; last searched 14 April 2020); n = 24

AREA[StudyType] EXPAND[Term] COVER[FullMatch] "Interventional" AND AREA[ConditionSearch] asymptomatic carotid stenosis
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World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP)

Basic search: asymptomatic carotid stenosis
Phases are: ALL

World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) (www.who.int/ictrp/en) (last searched 9 August
2022) n = 58

UNIFESP search strategy

#1 carotid artery
451
#2
1 and asymptomatic
1
#3
carotid artery diseases
14686
#4
3 and asymptomatic
6
#5
carotid stenosis
781
#6
5 and asymptomatic
0
#7
Atherosclerosis
684
#8
7 and asymptomatic
0
#9
or/2,4,6,8
6

British Library EthOS search strategy

"asymptomatic carotid stenosis"
21

ProQuest search strategy

"noR(asymptomatic carotid stenosis)"
63

Appendix 2. Enquiry letter

Dear Doctor

I am currently conducting a systematic review entitled 'Pharmacological interventions for asymptomatic carotid stenosis' with the
Cochrane Stroke Group based in the University of Edinburgh. To ensure that the results are valid, it is essential that all relevant trials are
included.

Cochrane was established to ensure all forms of health care will be subject to critical evaluation using standard criteria and specialised
soRware.

As a [manufacturer/expert/trialist] of [drug/intervention name], it is possible that a trial of this or a similar agent has been conducted
in patients with asymptomatic carotid stenosis. If so, we would be grateful if you could supply us with copies of any relevant protocols,
reports or publications in the first instance; later it may become necessary to obtain the raw data. If the trial is eligible for inclusion in
the review, [Pharmaceutical company/specialist name] will be cited in the final report which will be published electronically within the
Cochrane Database of Systematic Reviews, and in standard medical journals.

I would be grateful if you could fill in the accompanying form, and forward any information which you feel may be appropriate.
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Thank you for your help.

Yours faithfully

---------------------------------------------------------------------------------------------------------------

Form for reply from Pharmaceutical Company/Trialist/Expert

Trials that fulfil the following criteria will be eligible for inclusion in the review:

• Types of participants:

• Treatment regimen:

• A valid randomisation method:

For example: a centralised scheme, e.g. by telephone or scheme controlled by pharmacy, e.g. pre-coded or numbered containers or on-site
computer system where allocations are in a locked unreadable file or assignment envelopes - sequentially numbered, sealed and opaque
or other combinations which provide assurance of adequate concealment.
----------------------------------------------------------------------------------------------------------------
Name of Pharmaceutical Company/Trialist/Expert

Name (person to whom any future correspondence should be addressed):

Trials fulfilling the above criteria:

Have not been conducted ( )
Are currently underway * ( )
Have been conducted in the past * ( )

* Please enclose relevant protocols, citations, reports or other publications

Thank you for your valuable help.

Please complete and return to:

Dr Caroline NB Clezar, MD
Department of Surgery, Division of Vascular and Endovascular Surgery
Universidade Federal de São Paulo
Rua Borges Lagoa, 754
São Paulo
Brazil

e-mail: caroline.bessa@gmail.com

H I S T O R Y

Protocol first published: Issue 4, 2020

C O N T R I B U T I O N S   O F   A U T H O R S

CNBC conceived the review; designed the review; co-ordinated the review; searched and selected studies for inclusion in the review;
collected data for the review; assessed the risk of bias in the included studies; analysed the data; assessed the certainty in the body of
evidence; interpreted the data; and wrote the review.
NC conceived the review; designed the review; searched and selected studies for inclusion in the review; collected data for the review;
assessed the risk of bias in the included studies; assessed the certainty in the body of evidence; and wrote the review.
CDQF conceived the review; designed the review; co-ordinated the review; analysed the data; interpreted the data; and wrote the review.
LCUN conceived the review; designed the review; and wrote the review.
VFMT conceived the review; designed the review; and co-ordinated the review.
RLGF conceived the review; designed the review; co-ordinated the review; resolved diJerences in opinions regarding study selection, data
extraction, risk of bias assessment and ratings in the certainty of the evidence; analysed the data; interpreted the data; and wrote the
review.

All authors reviewed and approved the review content prior to submission.
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D E C L A R A T I O N S   O F   I N T E R E S T

CNBC: none known.
NC: none known.
CDQF: none known.
LCUN: none known.
VFMT: none known.
RLGF: none known.

S O U R C E S   O F   S U P P O R T

Internal sources

• Division of Vascular and Endovascular Surgery, Department of Surgery, Brazil

Non-financial support

External sources

• Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), Brazil

This study was financed in part by CAPES, finance code 001.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Objectives

Aiming to better reflect our intentions, we changed our objectives from “To assess the eJects of pharmacological interventions for the
treatment of asymptomatic carotid stenosis, to prevent neurological impairment, stroke, disability, death, and other complications” in the
protocol (Clezar 2020), to “To assess the eJects of pharmacological interventions for the treatment of asymptomatic carotid stenosis in
preventing neurological impairment, ipsilateral major or disabling stroke, death, major bleeding, and other outcomes” in the review.

Types of interventions

We clarified that alternative comparators, such as fish oil and diet, were also eligible for inclusion and would be considered as 'no
treatment'.

Assessment of risk of bias in included studies

We did not encounter any cluster-RCTs. Should we find eligible cluster-RCTs in future updates of this review, we will consider additional
biases specific to these types of studies, as recommended in section 8.15.1.1 of the Cochrane Handbook for Systematic Reviews of
Interventions: 1) recruitment bias; 2) baseline imbalance; 3) loss of clusters; 4) incorrect analysis; and 5) comparability with individually
randomised trials (Higgins 2017).

Measures of treatment e>ects

There were no continuous data in the included studies. Should we find such data in future updates of this review, we will analyse them
using either the mean diJerence (MD) when the same scale/score is used, or the standardised mean diJerence (SMD) when diJerent scales/
scores are used, with 95% CIs. We will enter data presented as a scale with a consistent direction of eJect.

In future updates, should we find skewed data reported as medians and interquartile ranges, we will describe it narratively.

Unit of analysis issues

We did not identify any eligible cluster- or cross-over RCTs. In future updates of this review, if we identify any such studies, we will manage
them using these methods:

• for cross-over trials: we will only use data from the first phase in order to avoid the risk of carry-over eJects, as described in Section
23.2.4 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2022);

• for cluster-randomised trials: we will include cluster-RCTs in the analyses along with individually randomised trials. We will adjust their
sample sizes using the methods described in Section 23.1.5 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2022), using an estimate of the intracluster correlation coeJicient (ICC) derived from the trial (if possible), from a similar trial, or from
a study of a similar population. If we use ICCs from other sources, we will report this and conduct sensitivity analyses to investigate
the eJect of variation in the ICC. If we identify both cluster-randomised trials and individually randomised trials, we will synthesise
the relevant information. We will consider it reasonable to combine the results from both types of trials if there is little heterogeneity
between the study designs, and the interaction between the eJect of intervention and the choice of randomisation unit is considered
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to be unlikely. We will also acknowledge heterogeneity in the randomisation unit and perform a sensitivity analysis to investigate the
eJects of the randomisation unit.

Assessment of reporting bias

We did not use funnel plots to investigate reporting biases because we did not identify 10 or more studies in one comparison. In future
review updates, if possible, we will follow the recommendations in Chapter 13 of the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2022), when including 10 or more studies in one comparison.

Subgroup analysis and investigation of heterogeneity

We had insuJicient data to conduct subgroup analyses. In future review updates, if possible, we will perform subgroup analyses for each
of the following factors on our primary outcomes (neurological impairment and ipsilateral major or disabling stroke) only.

• Participant characteristics:
◦ age (e.g. adults (18 years to 74 years) and older people (75 years and over));

◦ ethnicity;

◦ comorbidities (e.g. tobacco addiction); and

◦ degree of baseline stenosis, as defined by Grant 2003 and available in Table 2.

• Intervention characteristics:
◦ doses of drugs;

◦ types of drugs (e.g. unfractionated heparins (UFHs), low molecular weight heparins (LMWHs), vitamin K antagonists (VKAs), direct
oral anticoagulants (DOACs) amongst anticoagulants; aspirin, clopidogrel amongst antiplatelet agents);

◦ route of administration (e.g. oral, intravenous, subcutaneous); and

◦ prespecified target achieved (e.g. low-density lipoprotein level below 70 mg/dL).

We will use the formal test for subgroup diJerences in Review Manager 5.4 (Review Manager 2020) and base our interpretation on this.

Sensitivity analysis

We had insuJicient data to conduct all our preplanned sensitivity analyses. Should we have such data in future, we will conduct the
following sensitivity analyses to test whether key methodological factors or decisions have aJected the main results for our primary
outcomes (i.e. neurological impairment and ipsilateral major or disabling stroke).

• Only including studies with a low risk of bias. We will consider a study to have a low risk of bias overall if there is no high-risk judgement
in any of the four main domains (random sequence generation, allocation concealment, incomplete outcome data, and selective
reporting).

• If we identify studies with missing data that are unobtainable, we will repeat analyses excluding these studies to determine their impact
on the primary analyses.

If possible, we will group analyses according to study design (individual, cross-over, or cluster).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Aspirin  [adverse eJects];  *Atherosclerosis  [complications];  Atorvastatin;  *Carotid Stenosis  [complications]  [drug therapy]; 
Chlorthalidone;  Fluvastatin;  Hemorrhage;  *Ischemic Stroke  [complications];  Metoprolol;  Pravastatin;  Probucol;  Rosuvastatin
Calcium;  *Stroke  [etiology]  [prevention & control];  Warfarin

MeSH check words

Humans
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