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ABSTRACT

Background

Elevated levels of total cholesterol and low-density lipoprotein play an important role in the development of atheromas and, therefore, in
cardiovascular diseases. Cholesterol biosynthesis follows a circadian rhythm and is principally produced at night (between 12:00 am and
6:00 am). The adjustment of hypolipaemic therapy to biologic rhythms is known as chronotherapy. Chronotherapy is based on the idea
that medication can have different effects depending on the hour at which it is taken. Statins are one of the most widely used drugs for
the prevention of cardiovascular events. In usual clinical practice, statins are administered once per day without specifying the time when
they should be taken. It is unknown whether the timing of statin administration is important for clinical outcomes.

Objectives

To critically evaluate and analyse the evidence available from randomised controlled trials regarding the effects of chronotherapy on the
effectiveness and safety of treating hyperlipidaemia with statins.

Search methods

We searched the CENTRAL, MEDLINE, Embase, LILACS, ProQuest Health & Medical Complete, OpenSIGLE, Web of Science Conference
Proceedings, and various other resources including clinical trials registers up to November 2015. We also searched the reference lists of
relevant reviews for eligible studies.

Selection criteria

We included randomised controlled trials (RCTs), enrolling people with primary or secondary hyperlipidaemia. To be included, trials must
have compared any chronotherapeutic lipid-lowering regimen with statins and any other statin lipid-lowering regimen not based on
chronotherapy. We considered any type and dosage of statin as eligible, as long as the control and experimental arms differed only in the
timing of the administration of the same statin. Quasi-randomised studies were excluded.

Chronotherapy versus conventional statins therapy for the treatment of hyperlipidaemia (Review) 1
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Data collection and analysis

We used the standard methodological procedures expected by Cochrane. We extracted the key data from studies in relation to participants,
interventions, and outcomes for safety and efficacy. We calculated odds ratios (OR) for dichotomous data and mean differences (MD) for
continuous data with 95% confidence intervals (Cl). Using the GRADE approach, we assessed the quality of the evidence and we used the
GRADEpro Guideline Development Tool to import data from Review Manager to create 'Summary of findings' tables.

Main results

This review includes eight RCTs (767 participants analysed in morning and evening arms). The trials used different lipid-lowering regimens
with statins (lovastatin: two trials; simvastatin: three trials; fluvastatin: two trials; pravastatin: one trial). All trials compared the effects
between morning and evening statin administration. Trial length ranged from four to 14 weeks. We found a high risk of bias in the domain
of selective reporting in three trials and in the domain of incomplete outcome data in one trial of the eight trials included. None of the
studies included were judged to be at low risk of bias.

None of the included RCTs reported data on cardiovascular mortality, cardiovascular morbidity, incidence of cardiovascular events, or
deaths from any cause. Pooled results showed no evidence of a difference in total cholesterol (MD 4.33, 95% CI -1.36 to 10.01), 514
participants, five trials, mean follow-up 9 weeks, low-quality evidence), low-density lipoprotein cholesterol (LDL-C) levels (MD 4.85 mg/
dL, 95% CI -0.87 to 10.57, 473 participants, five trials, mean follow-up 9 weeks, low-quality evidence), high-density lipoprotein cholesterol
(HDL-C) (MD 0.54, 95% CI -1.08 to 2.17, 514 participants, five trials, mean follow-up 9 weeks, low-quality evidence) or triglycerides (MD
-8.91, 95% Cl -22 to 4.17, 510 participants, five trials, mean follow-up 9 weeks, low-quality evidence) between morning and evening statin
administration.

With regard to safety outcomes, five trials (556 participants) reported adverse events. Pooled analysis found no differences in statins
adverse events between morning and evening intake (OR 0.71, 95% Cl 0.44 to 1.15, 556 participants, five trials, mean follow-up 9 weeks,
low-quality evidence).

Authors' conclusions

Limited and low-quality evidence suggested that there were no differences between chronomodulated treatment with statins in people
with hyperlipidaemia as compared to conventional treatment with statins, in terms of clinically relevant outcomes. Studies were short
term and therefore did not report on our primary outcomes, cardiovascular clinical events or death. The review did not find differences in
adverse events associated with statins between both regimens. Taking statins in the evening does not have an effect on the improvement
of lipid levels with respect to morning administration. Further high-quality trials with longer-term follow-up are needed to confirm the
results of this review.

PLAIN LANGUAGE SUMMARY

The effect of the timing of statin administration on hyperlipidaemia
Background

Cardiovascular disease (CVD), which comprises heart attacks (myocardial infarction), angina, and strokes, is the principal cause of death
in the world and is a major cause of morbidity worldwide. High blood cholesterol is linked to CVD events and is an important risk factor.
Therefore, decreasing high blood cholesterol is an important way to reduce the chances of suffering a CVD event. Blood cholesterol may
come from foods that are high in fat, and is also produced by some of our body’s organs (most of this production is at night (between 12:00
am and 6:00 am).

Statins - cholesterol-lowering drugs - (e.g. simvastatin, lovastatin, pravastatin, atorvastatin) are the first-choice treatments for preventing
CVD when high blood cholesterol exists. In usual clinical practice, statins are given once per day, without specifying the time when they
should be taken. The aim of this review is to analyse whether the timing of taking the statin influences the reduction of CVD events,improves
blood cholesterol levels, or affects treatment safety.

Study characteristics

We found eight randomised controlled trials that compared the effects between morning and evening statin administration in 767 people.
Each trial evaluated different types and doses of statins. These trials were published between 1990 and 2013 and were conducted in the
USA, Canada, Germany, Finland, Japan, South Korea and Thailand. This review includes evidence identified up to November 2015.

Key results

No trials assessed CVD clinical events or deaths. Evaluation of the available evidence indicated that there were no differences between
evening or morning administration of statins in terms of lipid levels (total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), triglycerides). Additionally, there was no difference in the rate of adverse events associated with
statins between both regimens.

Chronotherapy versus conventional statins therapy for the treatment of hyperlipidaemia (Review) 2
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The evidence in this review is of low quality because of study limitations and imprecision. Larger studies are required to confirm these
results.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Chronotherapy for the treatment of hyperlipidaemia

Chronotherapy for the treatment of hyperlipidaemia

Participant or population: people with hyperlipidaemia

Settings: primary care

Intervention: evening statin dose

Comparison: morning statin dose

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Morning statin  Evening statin dose
dose
Cardiovascular mortality See comment See comment Not estimable 0 See comment Included RCTs
(0) did not report
on this out-
come
Cardiovacular morbidity ~ See comment See comment Not estimable 0 See comment Included RCTs
(0) did not report
this outcome
At least 1 adverse event Study population ORO0.71 556 BDOO
Follow-up: mean 9 weeks (0.44 t0 1.15) (5 studies) low 1.2
188 per 1000 141 per 1000
(92 to 210)
Total Cholesterol (mg/ The mean total cholesterol (mg/dL) in the in- 514 BDPOO
dL) tervention groups was (5 studies) low 1,2
Follow-up: mean 9 weeks 4.33 higher (1.36 lower to 10.01 higher)
LDL-C (mg/dL) The mean LDL-C (mg/dL) in the intervention 473 )
Follow-up: mean 9 weeks groups was (5 studies) low 1,2
4.85 higher
(0.87 lower to 10.57 higher)
HDL-C (mg/dL) The mean HDL-C (mg/dL) in the intervention 514 DDOO
Follow-up: mean 9 weeks groups was (5 studies) low 1,2
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0.54 higher
(1.08 lower to 2.17 higher)
Triglycerides (mg/dL) The mean triglycerides (mg/dL) in the inter- 510 DO
Follow-up: mean 9 weeks vention groups was (5 studies) low 1,2
8.91 lower

(22 lower to 4.17 higher)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Downgraded due to study limitations (unclear or high risk of bias) in the studies included.
2 Downgraded for imprecision due to very wide confidence interval.
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BACKGROUND

Description of the condition

Coronary cardiopathy (disease of the blood vessels that supply the
cardiac muscle) and cerebrovascular disease (disease of the blood
vessels that supply the brain) are the most frequent cardiovascular
diseases (CVD) (WHO 2009). CVD represents the principal cause of
death in the world as suggested by the following data obtained
from different sources: 17.1 million people died due to CVD in
2004, which represents 29% of total deaths worldwide (WHO 2009).
CVD affects women and men equally in all countries (WHO 2009),
independently of their income level (Graham 2007; Lloyd-Jones
2010; Petersen 2005; Redberg 2009; WHO 2009; WHOSIS 2009). In
Europe, CVD causes more than 4.3 million deaths each year (almost
half of total deaths) (European Heart Network 2008), and in the USA
it causes one out of every three deaths, which means more deaths
than those caused by cancer, chronic lower respiratory diseases
and accidents combined (Lloyd-Jones 2010). CVD will possibly
continue to be the principal cause of death in the world in future
(WHO 2009).

CVD is mainly caused by obstructions in the blood vessels
that supply the heart or brain due to the formation of fat
deposits (atheromas). The flow of blood to the heart or brain
is thus made more difficult. One of the principal factors that is
clearly associated with the formation of these fat deposits is the
presence of high cholesterol levels in the blood. For this reason,
hypercholesterolaemia is one of the principal risk factors for CvD
(WHO 2009).

Description of the intervention

Statins are the first choice for lipid-lowering agents according to the
principal clinical practice guidelines (NICE 2008; San Vicente 2008;
Stone 2014). Their mechanism of action is based on the inhibition
of one of the initial steps of cholesterol biosynthesis (Smith 2009).
Cholesterol synthesis is principally at night (between 12:00 am
and 6:00 am) following a circadian rhythm repeated every 24
hours (Galman 2005; Jones 1990; Parker 1982; Santosa 2007). This
periodic synthesis would allow for the adjustment of hypolipaemic
therapy to biologic rhythms, which is known as chronotherapy.
Chronotherapy is based on the idea that medication can have
different effects depending on the hour at which it is taken (Sanchez
2005). However, in usual clinical practice statins are administered
once per day, without specifying the time of day when they should
be taken and, therefore, without taking into consideration the
circadian rhythm of cholesterol (NZGG 2003; San Vicente 2008; SIGN
2007).

How the intervention might work

Elevated levels of total cholesterol and low-density lipoprotein
cholesterol (LDL-C) play an important role in the development
of atheromas and, therefore, in CVD (Kannel 1979; Kannel 1992;
Keys 1980; LaRosa 2003; Tyroler 1990). A reduction in LDL-C levels
to those recommended by the clinical guidelines has shown a
favourable effect on cardiovascular morbidity/mortality (Downs
1998; Pedersen 2004; Sacks 1996; Shepherd 1995). Thus, for
example, a reduction of 1% can decrease the risk of coronary
disease by 2% (Baigent 2010; LRC-CPPT 1984), and a reduction
of 1 mmol/L can reduce the risk of stroke by 10% (Law 2003).

Different types of cardiovascular events (myocardial infarction,
sudden death and stroke) follow a circadian rhythm, with an
increase in incidence between 6:00 am and 12:00 pm (Cohen 1997;
Cooke 1994; Elliott 1998; ISIS-2 1992; Muller 1994). It is plausible
that this excess in cardiovascular risk at certain hours of the day is
parallel to the circadian pattern of variables like blood pressure or
cholesterol synthesis (Cooke-Ariel 1998; Kozak 2003).

Statins have been shown to decrease the risk of CVD for
secondary prevention (Baigent 2005; Institute for Clinical Systems
Improvement 2009). In principle, statins with a shorter half-life
(one to five hours) would be more effective if taken in the
evening, whereas those with a longer half-life could be equally
effective when taken at any hour of the day. This is because the
period of greatest activity for short half-life statins (i.e. lovastatin,
simvastatin) would coincide with the cholesterol biosynthesis
peak. A systematic review evaluated the effect of statins on
blood cholesterol levels according to the time they were taken
(morning versus evening) and concluded that there were sufficient
data to support the evening administration of simvastatin to
achieve an optimal lowering of LDL-C levels (Plakogiannis 2007).
The review also concluded that rigorous and robust trials were
necessary to determine the best administration time to achieve
optimal LDL-C lowering for lovastatin, pravastatin, rosuvastatin,
atorvastatin, and fluvastatin (Plakogiannis 2007). However, some
studies have suggested that a morning administration of some
statins is associated with a smaller reduction in LDL-C levels,
as compared to evening administration (specifically, 8.5 mg/dL
smaller) (Haffner 1995; Hunninghake 1990; Saito 1991).

Why it is important to do this review

There are studies that have been completed or are currently
being undertaken on applied chronotherapy for the treatment
of cardiovascular risk factors in hypertension (Zhao 2003) or
hyperlipidaemia (Plakogiannis 2007), or in other pathologies,
including colorectal cancer (Liao 2010) and glaucoma (Luu 2010).
However, Cochrane lacks systematic reviews on the effects of
chronotherapy on the effectiveness and safety of hyperlipidaemia
treatment for statins.

In people with high cardiovascular risk, statins are one of the most
utilised drugs for the prevention of cardiovascular events (Graham
2007). Cronotherapy can be easily applied to any type of patientand
itiseconomical. These advantages could improve the effectiveness,
safety and efficiency of statin treatment.

OBJECTIVES

To critically evaluate and analyse the evidence available from
randomised controlled trials (RCTs) regarding the effects of
chronotherapy on the effectiveness and safety of treating
hyperlipidaemia with statins.

METHODS

Criteria for considering studies for this review
Types of studies

We considered randomised controlled trials (RCTs) as eligible
regardless of their publication status or duration. We did
not include quasi-randomised controlled trials (see glossary in
Appendix 1).
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Types of participants

People of any age (at start of trial) with a confirmed diagnosis of
hyperlipidaemia. We admitted any definition of hyperlipidaemia
as long as it was reported by the study’s authors or deducible
according to any current or past definition. We considered people
with primary or secondary hyperlipidaemia and at any risk of
cardiovascular disease (with or without history of cardiovascular
disease). Primary hyperlipidemias are those caused by specific
genetic abnormalities; secondary hyperlipidemias or acquired
hyperlipidemias are those resulting from another underlying
disorder, such as diabetes, hypothyroidism, nephrotic syndrome,
chronicrenalfailure, obstructive liver disease or drugs (NCEP 2002).
We did not consider those studies evaluating the chronobiologic
effects of the administration of statins in normolipidaemic people
as eligible.

Types of interventions
Intervention

Any chronotherapeutic lipid-lowering regimen with statins.
Chronotherapy or ‘chronomodulated therapy’, is defined as the
practice of administering medical treatment at certain times of the
daythatare thought to be optimal for enhanced activity or lessened
toxicity (Stedman 2010).

Comparison

Any other statin not based on

chronotherapy.

lipid-lowering regimen

We included studies that assessed the effects of the timing of statin
administration in its efficacy and safety (for example, comparing
evening versus morning administration of lovastatin). We
considered any type and dosage of statin as eligible, as long as the
control and experimental arms differed only by the timing of the
administration of the same statin.

Types of outcome measures
Primary outcomes
Efficacy outcomes

« Cardiovascular mortality (reported as dichotomous data, when
possible), defined as mortality secondary to myocardial
infarction, unstable angina, heart failure, stroke, peripheral
artery disease, complication of vascular procedures, or sudden
death.

« Cardiovascular morbidity (reported as dichotomous data, when
possible), such as non-fatal angina, myocardial infarction,
peripheral vascular events, or stroke.

« Global incidence of cardiovascular events (reported as
dichotomous data, when possible), including cardiovascular
deaths and non-fatal cardiovascular events.

« Deaths from any cause (reported as dichotomous data, when
possible).

We planned, when possible, to group outcome data into those
measured at six months, at one year, at two years, and at more than
two years.

Safety outcomes

« We considered an ‘adverse effect’” to be an unfavourable
outcome that occurred during or after the use of a drug
or other intervention for which the causal relation between
the intervention and the event was at least a reasonable
possibility (Loke 2011). When various types of adverse effects
were reported, in order to address them in a more organised
manner, we tried to narrow down this broad focus.

« We considered the following safety outcomes associated with
statins (reported as dichotomous data).

« * Participants with at least one adverse effect.

* Participants with at least one serious adverse effect, as
defined by the study authors.

*  Participants with myopathy or myotoxicity, as defined by the
study authors.

* Participants with liver dysfunction. We considered any
definition supported by the study authors, such as elevated
transaminases up to three times the normal levels.

* Participants reporting symptoms possibly caused by the
drug, such as muscle pain or gastrointestinal symptoms.

* Participants with any other adverse effects considered as
relevant by the study authors.

« We did not consider participants who withdrew or dropouts
as surrogate markers for safety or tolerability because of its
potential for bias (Loke 2011).

Secondary outcomes

« Change in lipid levels (mg/dL). The 'change' means the
difference between the values at the baseline and at the end of
follow-up (reported as quantitative data, when possible).

* Total cholesterol (TC)

* Low-density lipoprotein cholesterol (LDL-C)
* High-density lipoprotein cholesterol (HDL-C)
* Triglycerides
« Coronary revascularisation (angioplasty or bypass grafting),
reported as dichotomous data, when possible.
+ Quality of life (measured with a validated scale).

« Compliance with treatment (reported as dichotomous data,
when possible).

Search methods for identification of studies
Electronic searches

We searched the following electronic databases to find reports of
relevant RCTs.

« The Cochrane Central Register of Controlled Trials (CENTRAL;
The Cochrane Library Issue 10, 2015) (searched on 27 November
2015);

« MEDLINE In process (Ovid; 1946 to 27 November 2015) (searched
on 27 November 2015);

« Embase (Ovid; 1980 to 2015 week 47) (searched on 30 November
2015);

« LILACS (BIREME; 1982 to October 2012) (searched on 18 October
2012);

+ Science Citation Index Expanded (SCI-EXPANDED) Web of
Science (Thomson Reuters; 1970 to 28 November 2015)
(searched on 30 November 2015);
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« Conference Proceedings Citation Index - Science (CPCI-S) Web
of Science (Thomson Reuters; 1990 to 28 November 2015)
(searched on 30 November 2015);

« ProQuest Health & Medical Complete (searched on 5 November
2012).

We designed exhaustive searches for each database; combining
them with appropriate methodological filters to retrieve RCTs.
The sensitivity-maximising version of the Cochrane RCT filter
(Lefebvre 2011) was applied to MEDLINE and adaptations of it to the
other databases where appropriate. Details of these strategies are
available in Appendix 2. No restrictions regarding language or date
of publication were used.

Searching other resources

We searched OpenGrey (www.opengrey.eu) and checked the
following proceedings and abstracts presented at relevant
conferences and meetings from 1987 (first statin authorized by the
FDA) to April 2013:

« World Organization of Family Doctors (WONCA);

« European Society of Cardiology (ESC);

« EuroPRevent;

« American Heart Association (AHA);

« American College of Cardiology (ACC);

« American Society of Health-System Pharmacists (ASHSP)
« International Society of Chronobiology (ISC);

« American Association of Medical Chronobiology and
Chronotherapeutics;

« World Congress of Chronobiology (WCC);
« Sociedad Espafiola de Cardiologia;

« Sociedad Espafiola de Medicina de Familia y Comunitaria
(SEMFyC).

We searched the following clinical trials registers for ongoing trials
and trial results in July 2012:

« Clinicaltrials.gov (www.clinicaltrials.gov);

« International Standard Randomized Controlled Trial Number
Register (www.controlled-trials.com/isrctn/);

« International Clinical Trials Registry Platform (www.who.int/
trialsearch/);

« Clinical Study results (www.clinicalstudyresults.org/).

We checked the reference lists of all relevant studies identified to
find additional relevant citations (for example, systematic reviews
and all included studies). We searched the Cochrane Database
of Systematic Reviews to identify related reviews (19 October
2012). We also searched the Science Citation Index Expanded (SCI-
EXPANDED, Web of Science) to identify additional articles of interest
that have cited the studies included in the review (10 March 2013).

We contacted experts in the field and the contact author of each
included study to find out about further published or unpublished
studies eligible for inclusion.

Data collection and analysis
Selection of studies

At least two review authors (JMIP, JMFT, AAA, PGA, IFE, LCS, PMC,
OPL) independently checked the titles and abstracts resulting from
the searches on electronic databases and classified them into three
groups: ‘exclude’; ‘unsure’ or ‘potentially eligible’, using a form
developed to document the process. We retrieved the full-text
versions of all those references classified as ‘unsure’ or ‘potentially
eligible’ for definitive assessment of eligibility. At that stage, we
only excluded those papers classified by both review authors as
‘exclude’.

We tried to obtain further information about any trial published
only as an abstract. If a full report was not available, and we could
not obtain the information from the study authors after 30 days, we
excluded the abstract.

Using another form developed to document the process, we
classified the full-text copies into three groups (‘exclude’, ‘unsure’,
or ‘include’), according to pre-stated criteria (see Criteria for
considering studies for this review). We resolved any disagreement
through discussion. If finally there was no consensus, we consulted
a third review author. If there was insufficient information to
determine the eligibility of a study (full texts classified as ‘unsure’),
we added the article to those 'awaiting assessment' and we asked
the study authors for clarification. If finally we could not obtain the
information, we excluded the study. We have detailed all relevant
studies labelled as ‘excluded’ after the assessment of the full
text, with the reasons for their exclusion, in the Characteristics of
excluded studies.

We did not mask trial results or publication details during the
selection of the studies.

Data extraction and management

At least two review authors (JMIP, JMFT, AAA, PGA, IFE, LCS, PMC,
OPL) independently extracted the data from trial reports, using
specially designed data extraction forms. We piloted this template
in five trials to ensure its suitability. We extracted information about
the methods used in the trial reports and details of:

+ participants (inclusion and exclusion criteria, number in each
group, age, gender, setting, comparability at baseline regarding
risk factors for cardiovascular disease, etc);

« interventions (dosage, schedule, compliance,
comparison group etc);

« duration of the follow-up;
« outcomes (primary and secondary outcomes);
« results; and

timing,

« risk of bias and other information.

The review authors resolved discrepancies on data extraction
through discussion and the re-examination of study reports.
Where there was no consensus, a third review author settled the
discrepancies.

When the lipid levels were expressed as mmol/L, they were
transformed to mg/dL (total cholesterol, LDL-C and HDL-C: 1 mmol/
| = 38.6697 mg/dL; triglycerides: 1 mmol/l = 88.5739 mg/dL). The
studies included a mixture of change-from-baseline and final value
scores. For each study, we used the difference in means (and SD) for
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the change of lipid levels between baseline and post-treatment. We
tried to extract or calculate this information from the report. When
we could not obtain this information, we imputed it (see Dealing
with missing data).

One review author (MNP) entered the data into Review Manager
5 (RevMan) (RevMan 2014) and another checked the data entered
manually (JMIP). Studies reported in non-English language journals
were translated before assessment.

Dealing with duplicate publications

Where more than one publication relating to the same trial existed,
we only included the study once, and used the most complete data
from all the publications available.

Assessment of risk of bias in included studies

We assessed the risk of bias of each included study, according to
the criteria of the Cochrane tool for assessing risk of bias (Higgins
2011a). We considered the following domains.

« Random sequence generation (selection bias)

« Allocation concealment (selection bias)

« Blinding of participants and personnel (performance bias)
« Blinding of outcome assessment (detection bias)

« Incomplete outcome data addressed (attrition bias)

« Selective reporting (reporting bias)

o Other bias

At least two review authors (JMIP, JMFT, AAA, PGA, IFE, LCS, PMC,
OPL), not masked to the study details, had independently labelled
each domain as a low, high, or unclear risk of bias. We resolved any
disagreements by discussion and consensus and, if necessary, with
the involvement of a third review author (MNP or JMIP). Overall,
we summarised the risk of bias for each outcome in two different
manners: (Higgins 2011a).

« Within each study across domains: we defined each outcome (or
class of outcomes) as having a ‘low risk of bias’ only if it met
all the domains; as ‘high risk of bias’ if it demonstrated high
risk of bias for one or more of them; or as ‘unclear risk of bias’
if it demonstrated unclear risk of bias for at least one domain
without any of them described as ‘high risk of bias’.

« Across studies: we defined each outcome (or class of outcomes)
as having a ‘low risk of bias’ if most information was from
studies at low risk of bias; as ‘high risk of bias’ if the proportion
of information from studies at high risk of bias was sufficient
enough to affect the interpretation of the results; or as ‘unclear
risk of bias’ if most information was from studies at low or
unclear risk of bias.

Measures of treatment effect

We performed the analyses using the RevMan 5 (RevMan 2014)
statistical package provided by Cochrane and using Chapter 9 of
the Cochrane Handbook for Systematic Reviews of Interventions
(Deeks 2011) as a guide. For dichotomous outcomes, we expressed
results as odds ratios (OR) with 95% confidence intervals (Cl). For
continuous data we used the mean difference (MD) with standard
deviations (SD).

Dealing with missing data

We described missing outcomes of the included studies by
reporting proportions of randomised participants for whom no
outcome data was obtained (with reasons) by outcome and by
randomised group. We addressed the potential impact of the
missing outcomes on the results of the included studies in the
assessment of risk of bias and we described its impact on the
findings of the review in the discussion section.

For all outcomes, we tried to carry out ‘analyses on an intention-to-
treat’ principle (see glossary in Appendix 1). We planned to contact
the primary study authors to request missing data and for the
clarification of issues. Where we could not obtain this information,
we performed an ‘available case analysis’ (see glossary in Appendix
1).

Regarding ‘change in lipid levels’, most studies did not report the SD
of the change (Deeks 2011, section 9.4.5.2). Where unreported, we
tried to obtain this information by looking carefully in the report for
statistics that allow for its calculation (Higgins 2011b, section 7.7.3).
If finally it was not possible to calculate, we imputed the missing
SDs following the suggestions provided by section 16.1.3.2 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011c).

Contacting trialists

For unpublished data, or where data were incomplete in published
papers, we planned to obtain the information from the primary
study authors.

Assessment of heterogeneity

We checked for heterogeneity considering the following factors:

« The characteristics of the studies (clinical or methodological).

« Theforest plot of results of the studies. We checked the presence
or absence of overlap in the confidence intervals of their results
visually.

« The results of the Chi? test for statistical heterogeneity (we
considered trial results as heterogeneous if P <0.10).

« The results of the I? statistic for the quantification of the
heterogeneity (Higgins 2003). We judged the importance of the
observed value of the |12 statistic depending on the magnitude
and direction of effects and the strength of evidence for
heterogeneity (moderate to high heterogeneity defined as I? at
50% or more) (Deeks 2011).

Assessment of reporting biases

We attempted to minimise reporting bias by including both
published and unpublished studies, by extracting data on
outcomes from the publication with the most mature data (in the
case of studies with multiple publications), and by not excluding
studies solely on the basis of the publication language. We planned
to assess publication bias in two different ways: graphically, by
visual assessment of funnel plots (see glossary in Appendix 1), and
statistically, following guide provided by Sterne 2011 for statistical
testing for funnel plot asymmetry.

Data synthesis

We combined the outcome measures from the individual trials
in a meta-analysis to provide a pooled effect estimate for each
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outcome only if the studies were clinically and methodologically
comparable. We meta-analysed data using a fixed-effect model.
Where significant heterogeneity existed (1% statistic was more than
50%), we used a random-effects model. We carried out sensitivity
analyses to assess the effect of the statistical model chosen for
meta-analysis (fixed-effect model versus random-effects model)
(see Sensitivity analysis).

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses when we detected
statistically significant differences between treatment groups and
if there were enough studies.

« Age (mean or median): under 30 years versus 30 to 65 years
versus more than 65 years.

« Gender:50% or more versus fewer than 50% of participants were
male.

« Diabetes: 25% or more versus fewer than 25% of participants
were diabetic.

« Previous cardiovascular events: 25% or more versus fewer than
25% of participants with previous cardiovascular events.

« Mean duration of treatment with statins: less than 12 months
versus 12 months or more.

« Mean LDL-C baseline levels (mg/dL): less than 100 mg/dL versus
100 mg/dL to 129 mg/dL versus 130 mg/dL or more.

There were insufficient studies in each comparison to perform the
subgroup analysis planned. We decided to perform a post-hoc
subgroup analysis based on the different follow-up of the studies.

Sensitivity analysis
We performed the following sensitivity analyses.

« Assessing the effect of the statistical model chosen for meta-
analysis (fixed-effect model versus random-effects model).
« Exploring the influence of missing data: we made a sensitivity

analysis that was not planned in protocol to explore the
influence on effect size of studies with losses greater than 25%.

« Repeating the meta-analysis using relative risks (RR) for
dichotomous outcomes.

For future updates, we plan to perform the following sensitivity
analyses, when possible.

« Riskof bias: excluding studies with any domain assessed as 'low'
or 'unclear".

« Assumptions taken in the ‘available case analysis’

« for dichotomous outcomes, considering the ‘best-case’
and ‘worst-case’ scenarios (Gamble 2005). We defined
the ‘best-case’ scenario as all participants with missing
outcomes in the experimental intervention group having
good outcomes and all those with missing outcomes in the
controlintervention group having poor outcomes; the ‘worst-
case’ scenario will be the converse (Higgins 2011c); and

« forcontinuous data, we plan to conduct a sensitivity analysis
assuming a fixed difference between the actual mean for the
missing data and the mean assumed by the analysis (Higgins
2011c).

« Study size: repeating the meta-analysis excluding very large
studies (if present).

« We plan to repeat the meta-analysis excluding any unpublished
studies.

RESULTS

Description of studies
Results of the search

Our search identified 7482 potential studies. Of these, we retrieved
28 for further investigation by screening titles and abstracts. We
have listed one study (Nakaya 1990) in the table of Characteristics
of studies awaiting classification, pending a Japanese translation
in future updates. We translated one trial from Japanese (Nakaya
1995). After full-text assessment, we included eight studies. The
study selection process is shown in Figure 1.
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Figure 1. Study flow diagram
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Included studies
Types of studies

All included studies were parallel RCTs. The trials were conducted
worldwide (Germany (Kruse 1993; Scharnagl 2006), USA (Davignon
1990; Hunninghake 1990), Canada (Davignon 1990), Finland
(Davignon 1990), Japan (Nakaya 1995), South Korea (Kim 2013),
and Thailand (Tharavanij 2010).

Treatment duration varied from four weeks in two studies (Kruse
1993; Nakaya 1995), eight weeks in three studies (Hunninghake
1990; Kim 2013; Scharnagl 2006), 12 weeks in two (Saito 1991,
Tharavanij 2010) and 14 weeks in one study (Davignon 1990).
The mean follow-up was nine weeks. No trials were stopped
prematurely.

Types of participants

All included studies enrolled participants with hyperlipidaemia
although not all using the same criteria.

Total analysed participants in morning and evening arms were 767,
ranging from 22 to 234 among studies included. The mean age of
participants was 56 years, and 57.6% were women. Nakaya 1995
only included men.

Baseline total cholesterol levels ranged from 237 mg/dL (Kim 2013)
to 435 mg/dL (Kruse 1993), LDL-C from 158 mg/dL (Kim 2013) to 360
mg/dL (Kruse 1993), HDL-C from 38 mg/dL (Kruse 1993) to 58 mg/dL
(Scharnagl 2006), and triglycerides from 127 mg/dL (Hunninghake
1990) to 191 mg/dL (Nakaya 1995).

Interventions

All trials compared the effect between morning and evening statin
administration. However, when the statin was taken was not
homogeneous across studies:

o Kruse 1993 compared 6:00 am to 10:00 am versus 5:00 pm to 9:00
pm;

« Tharavanij 2010 compared 6:00 am to 10:00 am versus 7:00 pm
to0 10:00 pm;

« Davignon 1990 compared before morning meal versus before
evening meal;

« Saito 1991 compared after morning meal versus after evening
meal;

« Hunninghake 1990 compared before breakfast versus bedtime;
and

« three studies did not specify the time of day when the statin was
taken (Kim 2013; Nakaya 1995; Scharnagl 2006).

The analysed statins were lovastatin (two studies, doses of 20
mg (Kruse 1993) and 40 mg (Davignon 1990)), simvastatin (three
studies, doses of 2.5 mg and 5 mg (Saito 1991), 10 mg (Tharavanij
2010) and 20 mg (Kim 2013)), fluvastatin (two studies, doses of 10
mg (Nakaya 1995) and 80 mg (Scharnagl 2006)), and pravastatin
(one study, dose of 40 mg (Hunninghake 1990)).

Four studies (Davignon 1990; Hunninghake 1990; Nakaya 1995;
Saito 1991) were multi-arm trials (see Characteristics of included
studies). In Davignon 1990 we considered two arms for the analyses
(40 mg daily dose of lovastatin in the morning versus evening
administration). In Hunninghake 1990 we analysed two arms

(40 mg daily dose of pravastatin in the morning versus evening
administration). In Nakaya 1995 we analysed two arms (10 mg
fluvastatin in the morning versus evening administration). In Saito
1991 we combined the results of two arms with different doses of
statin (2.5 mg and 5 mg of simvastatin in a morning dose) and the
results of two arms with the same doses of statin (2.5 mg and 5 mg
of simvastatin) in an evening dose.

Outcomes
Primary Outcomes

None of the included studies provided data on deaths from any
cause or cardiovascular mortality or morbidity.

Five of the studies (Kim 2013; Nakaya 1995; Saito 1991; Scharnagl
2006; Tharavanij 2010) reported all the safety outcomes we
considered.

« Participants with at least one adverse effect (Kim 2013; Nakaya
1995; Saito 1991; Scharnagl 2006; Tharavanij 2010).

« Participants with at least one serious adverse effect, as defined
by the study authors (Kim 2013; Scharnagl 2006; Tharavanij
2010).

 Participants with myopathy or myotoxicity, as defined by the
study authors (Kim 2013; Nakaya 1995; Tharavanij 2010).

« Participants with liver dysfunction (Kim 2013; Nakaya 1995;
Saito 1991; Scharnagl 2006; Tharavanij 2010).

+ Participants reporting symptoms possibly caused by the drug,
such as gastrointestinal symptoms (Kim 2013; Nakaya 1995;
Saito 1991; Scharnagl 2006).

Secondary outcomes

All the included studies reported the baseline lipid levels of total
cholesterol, LDL-C, HDL-C, and triglycerides, and the levels at the
end of the study, but only one (Kim 2013) presented the difference
in means (with standard deviation) in changes of lipid levels from
the baseline.

Four trials analysed compliance with treatment, in different ways:
by counting the number of pills initially prescribed and those
returned by the participant on the last visit day (Davignon 1990;
Kim 2013); by pill count, percentage of prescribed doses taken,
defined as the number of opening/closing events recorded divided
by the number of prescribed doses in the period, multiplied by 100;
and time compliance, defined as percentage of total dosing events
recorded within the defined time intervals of 6:00 am to 10:00 am
for the morning regime and 5:00 pm to 9:00 pm for the evening
regime (Kruse 1993). One study did not report the method used
for measuring drug compliance (Tharavanij 2010). Only one study
reported enough information to know the SD (Kruse 1993).

None of the included studies provided data on coronary
revascularisation or quality of life.

Excluded studies
See Characteristics of excluded studies.

We excluded 19 full-text articles:

« Six studies were not RCTs (Arca 2007; Erdogan 2010; Illingworth
1986; Nozaki 1996; Plakogiannis 2005; Schwartz 2009).
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« Five studies did not assess the effects of statins in
hyperlipidaemia (Cilla 1996; Martin 2002; Triscari 1995; Wallace
2003; Yoon 2011).

« Two studies did not assess the effects of the timing of statin
administration (Kele, 2008; Matsuzawa 1991).

« Infourstudies, experimental and controlarms did not differ only
by the timing of the administration of the same statin (Dujovne
1994; Hunninghake 1998; Insull 1994; Stein 1997).

« One study did not consider hyperlipidaemia as an inclusion
criteria (Lund 2002).

« One study had an unacceptable lipid-lowering regimen (single
dose) (Fauler 2007).

Studies awaiting classification
There was one study awaiting classification (Nakaya 1990).

Risk of bias in included studies

We have described risk of bias in the Characteristics of included
studies section and illustrated it in Figure 2 and Figure 3. In total,
we deemed four trials to be at an unclear risk of bias (Kim 2013;
Kruse 1993; Nakaya 1995; Scharnagl 2006), with the remainder
considered to be at high risk (Davignon 1990; Hunninghake 1990;
Saito 1991; Tharavanij 2010). None of the studies included was
judged to be at low risk of bias.

Figure 2. Risk of bias graph: authors' judgements about each risk of bias item presented as percentages across all

included studies
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Figure 3. Risk of bias summary: authors' judgements about each risk of bias item for each included study
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Allocation

All included trials reported that the allocation sequence was
generated randomly, although only four contained enough
information about the methodology used to allocate treatments:

Davignon 1990; Tharavanij 2010 and Nakaya 1995 used a blocked
randomisation method for random sequence generation and Kim

2013 used a random-number table.
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Two studies described allocation concealment: Nakaya 1995 used
central allocation and Saito 1991 used sequentially numbered
envelopes. However, we judged Saito 1991 to have an unclear risk
of bias, as the report did not include whether or not the assignment
envelopes were used with appropriate safeguards.

Blinding

In five trials, it was possible that participants and personnel
were blinded (Davignon 1990; Hunninghake 1990; Kim 2013;
Nakaya 1995; Saito 1991). Two trials that blinded participants
and personnel did not appear to blind outcome assessment
(Hunninghake 1990; Nakaya 1995). Blinding of outcome
assessment was only explicitly stated in one study (Davignon
1990). We also judged the risk of bias to be low for blinding of
outcome assessment in Hunninghake 1990 and Saito 1991 because
the determination of serum lipid parameters was realised in a
central laboratory. Three trials did not report any information
about blinding (Kruse 1993; Scharnagl 2006; Tharavanij 2010).

Incomplete outcome data

The duration of follow-up varied between four (Kruse 1993) and 14
weeks (Davignon 1990). Three studies reported post-randomisation
losses of less than 10% (Davignon 1990; Hunninghake 1990;
Tharavanij 2010) during the study; two studies described losses
between 10% and 20% (Kim 2013; Scharnagl 2006); one study
reported losses greater than 25% (Saito 1991). One trial reported
no losses (Nakaya 1995). One trial did not report number of
withdrawals, but the denominator values suggested complete
follow-up (Kruse 1993). Two studies reported the number and
reasons for losses separately for both arms (Hunninghake 1990;
Kim 2013). The Kim 2013 trial described different attrition in both
arms (9.4% versus 19.1%). The remaining three studies did not
report reasons for losses to follow-up (Saito 1991; Scharnagl 2006;
Tharavanij 2010).

Selective reporting

The study protocol was not available for almost all studies, so it
was difficult to make a judgment on the possibility of selective
reporting bias. Four of the eight studies included did not provide
enough information to assess the risk of bias and were judged as
having an unclear risk of bias (Kruse 1993; Nakaya 1995; Saito 1991,
Scharnagl 2006). A high risk of bias was considered in three trials
(Davignon 1990; Hunninghake 1990; Tharavanij 2010 ), given that
some relevant results were described incompletely. Davignon 1990
reported data only in a graph and Hunninghake 1990 did not report
the number of participants analysed in each arm. Only Kim 2013
was considered as having a low risk of bias.

Other potential sources of bias

The overall assessment for other potential sources of bias was
unclear. There was not enough information to assess whether an
important risk of bias existed.

Effects of interventions

See: Summary of findings for the main
Chronotherapy for the treatment of hyperlipidaemia

comparison

The eight included trials (1129 participants randomised) evaluated
chronotherapeutic lipid-lowering regimens with statins in 767
people. All trials compared the effect between morning and

evening statin administration. We present results for the primary
and secondary outcomes of the review, if they were evaluated in the
study, and where information was available.

Primary outcomes
Efficacy outcomes

None of the included RCTs reported data on efficacy outcomes:
cardiovascular mortality, cardiovascular morbidity, incidence of
cardiovascular events, or deaths from any cause.

Safety outcomes

Five trials (556 participants) reported the incidence of adverse
events (Kim 2013; Nakaya 1995; Saito 1991; Scharnagl 2006;
Tharavanij 2010). Ninety-two adverse events were reported. None
of these trials individually found a difference in the rate of adverse
events between morning and evening statin regimens.

Meta-analysis of the five trials (Kim 2013; Nakaya 1995; Saito
1991; Scharnagl 2006; Tharavanij 2010) showed no differences
in the incidence of at least one adverse event between the
two statin schedules (Analysis 2.1: OR 0.71, 95% Cl 0.44 to
1.15, 12 = 0%, 556 participants). Only Scharnagl 2006 reported
two serious adverse events (elevation in the ratio between the
concentrations of the enzymes alanine transaminase (ALT) and
aspartate transaminase (AST)to more than 3 upper limits of normal
(ULN) in two consecutive visits of one participant) in the evening-
dose group. Kim 2013 and Tharavanij 2010 reported that no
participant presented serious adverse events (Analysis 2.2: OR0.21,
95% CI 0.01 to 4.43, 418 participants).

No difference was found in the incidence of adverse events
classified as:

« myopathy or myotoxicity (three trials: Kim 2013; Nakaya 1995;
Tharavanij 2010; Analysis 2.3): OR 0.33, 95% CI 0.03 to 3.28, 206
participants;

« liver dysfunction (five trials: Kim 2013; Nakaya 1995; Saito 1991;
Scharnagl 2006; Tharavanij 2010; Analysis 2.4): OR 1.42, 95% CI
0.27 to 7.44, 551 participants; or

« gastrointestinal symptoms (four trials: Kim 2013; Nakaya 1995;
Saito 1991; Scharnagl 2006; Analysis 2.5): OR 1.17,95% CI 0.46 to
3.00, 504 participants.

Secondary outcomes
Total cholesterol (mg/dL)

Five trials provided data on total cholesterol (Kim 2013; Kruse 1993;
Nakaya 1995; Saito 1991; Scharnagl 2006). The chronotherapeutic
lipid-lowering regimen had no effect on total cholesterol (mg/dL)
(Analysis 1.1: (MD 4.33, 95% Cl -1.36 to 10.01), 514 participants,
low-quality evidence). Three studies (Kruse 1993; Nakaya 1995;
Scharnagl 2006) reported cholesterol data with follow-up at four
weeks and two studies reported data with follow-up at eight weeks
(Kim 2013; Scharnagl 2006). Both pooled analyses showed no effect
between morning and evening statin administration (Analysis 1.2:
MD 3.88, 95% Cl -3.66 to 11.43, 275 participants and MD 1.01,
95% Cl -5.43 to 7.45, 352 participants, respectively). There was no
significant heterogeneity in these analyses.
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LDL-C (mg/dL)

We found low-quality evidence that chronotherapeutic lipid-
lowering regimen with statins had no effect on LDL-C (mg/dL) levels
(Analysis 1.5: MD 4.85 mg/dL, 95% Cl -0.87 to 10.57, five trials,
473 participants, median follow-up 4 weeks, 12 = 0%). These trials
reported LDL-C levels at different time points. Five studies (Kruse
1993; Nakaya 1995; Saito 1991; Scharnagl 2006; Tharavanij 2010)
compared morning versus evening statin administration at four
weeks. Pooled results showed lowered lipid levels (LDL-C) with the
evening regimen (Analysis 1.6: MD 12.30, 95% Cl 2.40 to 22.20, 405
participants, 12 = 26%). Similarly the comparison between both
regimens followed up at eight weeks, based on four studies (Kim
2013; Saito 1991; Scharnagl 2006; Tharavanij 2010), showed a small
effect with the evening regimen (Analysis 1.6: MD 8.81, 95% CI 0.21
to 17.42, 480 participants, 12 = 52%). Only one study (Saito 1991)
reported data based on 12 weeks' follow-up, and there was no
difference in LDL-C levels between the two schedules (Analysis 1.6:
MD 14, 95% Cl -3.49 to 31.49, 107 participants).

HDL-C (mg/dL)

Five trials provided data on HDL-C (mg/dL) (Kim 2013; Kruse 1993;
Nakaya 1995; Saito 1991; Scharnagl 2006). We found no difference
between morning and evening statin schedules on HDL-C levels
(Analysis 1.9: MD 0.54, 95% CI -1.08 to 2.17, 514 participants, low-
quality evidence).

Statin regimens did not present an effect on HDL-C levels in studies
with follow-up at 4 weeks (Kruse 1993; Nakaya 1995; Scharnagl
2006) (Analysis 1.10: MD 0.28, 95% CI -2.02 to 2.57, 275 participants,
12=0%). Studies with follow-up at eight weeks (Kim 2013; Scharnagl|
2006) also showed no differences between the two statin schedules
(Analysis 1.10: MD 0.69, 95% CI -1.26 to 2.64, 352 participants, 12 =
0%).

Triglycerides (mg/dL)

Five trials provided data on triglycerides levels (Kim 2013; Kruse
1993; Nakaya 1995; Saito 1991; Scharnagl 2006). Meta-analysis of
these trials did not introduce differences between the morning and
evening group (Analysis 1.13: MD -8.91, 95% Cl -22 to 4.17, 510
participants, 12 = 0%, low-quality evidence). Three studies reported
data with follow-up at four weeks (Kruse 1993; Nakaya 1995;
Scharnagl 2006) (Analysis 1.14: MD -8.24, 95% Cl -26.58 to 10.09,
275 participants, 12 = 0%). Three studies reported data with follow-
up at eight weeks (Hunninghake 1990; Kim 2013; Scharnagl 2006)
(Analysis 1.14: MD -10.82, 95% Cl -25.97 to 4.33, 352 participants, |2
=0%).

Coronary revascularisation

No study reported coronary revascularisation associated with
chronotherapeutic lipid-lowering regimens.

Quality of life
No study reported health-related quality of life measures.
Compliance with treatment

In Kruse 1993, there were no significant differences between the
participant groups with regard to time compliance (Analysis 3.1: MD
4.60, 95% Cl -16.05 to 25.25, 24 participants).

The other three studies that examined adherence were not
included in meta-analysis because they did not provide the SD and
the estimation method was different. In Davignon 1990, the average
dose actually taken (based on medication returned) was 96% of the
specified dose for the morning and evening groups. In Kim 2013,
compliance (by measuring the number of pills initially prescribed
against those returned at the end of the study) was calculated to be
91.5% in the morning-dose group and 92.3% in the evening-dose
group (P=0.935). In Tharavanij 2010, compliance (the method used
was not reported) did not differ between the two groups (96%).

Thus, compliance was good and similar in both groups in all trials.

Sensitivity analysis
Statistical model for meta-analysis

We performed a sensitivity analysis using a random-effects model.
As expected, there were no differences between the results of
any outcome with respect to the analysis under the fixed-effect
model because the heterogeneity was low (Analysis 1.3; Analysis
1.7; Analysis 1.11; Analysis 1.15).

Levels of missing data

Most of the included trials had low levels of missing data (less
than 20%). Only one trial reported losses greater than 25% (Saito
1991). We performed a sensitivity analysis to explore the impact
of the levels of missing data on the chronotherapy statin regimen
for the lipid levels. Excluding Saito 1991, similar findings were
demonstrated: LDL-C (Analysis 1.8: MD 3.76, 95% CI -2.29 to 9.81,
366 participants, 12 = 0%); total cholesterol (Analysis 1.4: MD 1.93,
95% CI -4.29 to 8.15, 398 participants, 12 = 0%); HDL-C (Analysis
1.12: MD 0.60, 95% Cl -1.15 to 2.35, 398 participants, 12 = 0%); and
triglycerides (Analysis 1.16: MD -10.48, 95% CI -25.03 to 4.08, 398
participants, 12 = 0%).

Measures of effects size chosen for meta-analysis

We repeated the meta-analysis using relative risks (RR) for
dichotomous outcomes (adverse events). There were no significant
differencesin the results (see Analysis 2.6; Analysis 2.7; Analysis 2.8;
Analysis 2.9; Analysis 2.10).

DISCUSSION

Summary of main results

We did not find RCTs that analysed the influence of chronotherapy
of statins in cardiovascular mortality, cardiovascular morbidity,
incidence of cardiovascular events, or deaths from any cause.

Only five trials (556 participants) of low quality reported adverse
events (92 adverse events). We found no difference in adverse
events between morning and evening statin regimens. In any case,
the data should be taken with caution because of the short-term
follow-up (mean of 9 weeks) and the low number of events that
occurred.

We found low-quality evidence about the influence of
chronotherapy on lipid levels. When statins were administered in
the evening, we did not find any effect on the improvement of total
cholesterol, LDL-C, HDL-C, or triglycerides levels with respect to
morning administration.
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Overall completeness and applicability of evidence

Only one trial (Kim 2013) provided data on the difference in means
and standard deviation in changes of lipid levels from the baseline.
For the rest of the studies, we imputed the missing SDs from Kim
2013, following the suggestions provided by section 16.1.3.2 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011c).

Two studies were not included in meta-analysis: Davignon 1990
(because the efficacy results were only shown in a graph and the
reportdid not allow for the SD of the change in lipid levels at the end
of the study to be imputed) and Hunninghake 1990 (because data
were reported as a geometric mean and the number of participants
analysed was not clear).

In one study (Saito 1991), we combined the results of the two arms
with different doses of statin, but with the same administration
timing, as indicated in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011c).

Four of the included trials (Davignon 1990; Hunninghake 1990;
Nakaya 1995; Saito 1991) had more comparative arms than the
interest of this review, and this could decrease the robustness of the
trials' findings.

The confidence in the results of the review is low due to the studies'
limitations and imprecision.

Quality of the evidence

We used the GRADE approach to assess the quality of the evidence
(GRADE Working Group 2004) and the GRADEpro Guideline
Development tool (GRADEpro GDT) to import data from RevMan
5 (RevMan 2014) to create 'Summary of findings' tables. None of
the included RCTs reported data on our primary efficacy outcomes:
cardiovascular mortality, cardiovascular morbidity, incidence of
cardiovascular events, or deaths from any cause.

Only low-quality evidence was available for the meta-analysis for
the safety outcomes and the change in lipid levels (Kim 2013;
Kruse 1993; Nakaya 1995; Saito 1991; Scharnagl 2006; Tharavanij
2010). We downgraded it due to the risk of methodological bias
and imprecision due to the confidence interval being too wide.
Therefore, further research is very likely to have an important
impact on our confidence in the estimate regarding effect, and is
likely to change the estimate.

Potential biases in the review process

We used Cochrane methodology to conduct a comprehensive
search to identify all related available trials.

Regarding the ‘change in lipid levels’, all but one study (Kim
2013) did not report the SD of the change. Where unreported, we
imputed the missing SDs following the suggestions provided by
section 16.1.3.2 of the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011c). Since we have not used the original
data from the studies, differences in the results may arise.

All included studies enrolled participants with hyperlipidaemia
although not all used the same criteria. In fact, the baseline total
cholesterol levels ranged from 237 mg/dL (Kim 2013) to 435 mg/dL
(Kruse 1993), LDL-C from 158 mg/dL (Kim 2013) to 360 mg/dL (Kruse
1993), HDL-C from 38 mg/dL (Kruse 1993) to 58 mg/dL (Scharnagl
2006) and triglycerides from 127 mg/dL (Hunninghake 1990) to 191
mg/dL (Nakaya 1995).

Agreements and disagreements with other studies or
reviews

We have found only one review related to the chronotherapy
efficacy of statins (Plakogiannis 2007) which had several differences
with regard to our work. It is a narrative review without a
comprehensive search of studies (until 2006). They included
seven studies, but only two of them fulfil our requirements
(Hunninghake 1990; Saito 1991). Two of them were not RCTs
(Illingworth 1986; Plakogiannis 2005), the other two analysed a
healthy population (Cilla 1996; Martin 2002) and Wallace 2003
people without hyperlipidaemia. Their conclusions support the
evening administration of simvastatin based only on the study of
Saito 1991. Our analysis, which includes more studies (only RCTs
concerning people with hyperlipidaemia), suggest that there is no
differencein efficacy when the statinis administered in the evening.

AUTHORS' CONCLUSIONS

Implications for practice

The available evidence shows no difference in effect of different
timings of statin intake. The statin administration in the evening
instead of the morning does not have an effect on the improvement
of total cholesterol, LDL-C, HDL-C, or triglycerides levels. There were
no differences in adverse events between morning and evening
intake.

Implications for research

It is necessary to study the effects of chronotherapy in
cardiovascular mortality, cardiovascular morbidity, incidence
of cardiovascular events, or deaths from any cause. Future
randomised trials should be designed and conducted rigorously,
especially the randomisation procedure, the blinding of
participants, and evaluators of outcomes, and should be reported
correctly. It is not clear if the statin half-life may play a role in the
effect of the timing of the administration and there are not enough
studies with each statin to reach a conclusion on this issue.
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Methods

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

Setting/location: 13 centres. Country: USA, Canada and Finland

Period of study: not reported

Unit of randomisation: participant

Unit of analysis: participant

Participants

Inclusion criteria: primary hypercholesterolaemia, with elevated LDL-C levels and normal triglycerides

concentrations (type Ila phenotype) or with mild hypertriglyceridaemia (type llb phenotype). The par-
ticipants were at high risk for myocardial infarction
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Davignon 1990 (Continued)

Exclusion criteria: premenopausal status in women, unless highly unlikely to conceive, triglycerides
level > 3.95 mmol/L, alcohol intake > 10 drinks per week, impaired hepatic function or abnormal results
of liver function test; myocardial infarction or coronary bypass surgery within the previous 4 months; or
diabetes mellitus or glucose intolerance, defined as a fasting glucose level > 7.8 mmol/L

Enrolled: not reported

Randomised: 290 M-DG: n = 49; E-DG: n = 47; lovastatin 80 mg evening: 49; and lovastatin 40 mg twice a
day: 48; and probucol 500 mg: 97)

Withdrawals: 7 M-DG: n = not described, E-DG: n = at least 1, other arms: n = at least 5). 1 was with-
drawn because non co-operation but was not reported the group

Participants assessed (ITT analysis): 289 (not reported the group of the participant not analysed)
Participants assessed (safety analysis): 289 (not reported the group of the participant not analysed)

Definition of hyperlipidaemia: primary hypercholesterolaemia, with elevated LDL-C levels and nor-
mal triglycerides concentrations (type Ila phenotype) or with mild hypertriglyceridaemia (type IIb phe-
notype)

Baseline characteristics:

Age (years) (mean (SD)): M-DG: 48; E-DG: 52.5; lovastatin 80 mg evening: 49.1; lovastatin 40 mg twice
daily: 51; and probucol 500 mg: 49.4

Total cholesterol (TC) (mg/dL) (mean (SD)): M-DG: 365.43 (SD not reported); E-DG: 370.07 (SD not re-
ported)

LDL-C (mg/dL) (mean (SD)): M-DG: 289.64 (SD not reported); E-DG: 296.60 (SD not reported)
HDL-C (mg/dL) (mean (SD)): M-DG: 43.31 (SD not reported); E-DG: 48.72 (SD not reported)

Triglycerides (mg/dL) (mean (SD)): M-DG: 143.49 (SD not reported); E-DG: 117.80 (SD not reported)

Interventions

Type of interventions: 40 mg morning vs 40 mg evening vs 80 mg evening vs 40 mg twice-daily doses
of lovastatin vs 500 mg twice-daily doses of probucol

M-DG: 40 mg daily dose of lovastatin in the morning
E-DG: 40 mg daily dose of lovastatin in the evening

Lovastatin 80 mg evening: 80 mg daily dose of lovastatin in the evening
Lovastatin 40 mg twice daily: 40 mg twice-daily dose of lovastatin (am + pm)

Probucol 500 mg twice daily: 500 mg twice-daily dose of probucol (am + pm)
Duration of intervention: 14 weeks

Outcomes Change in lipid levels: TC, LDL-C, HDL-C and triglycerides levels (mg/dL)
Drug compliance (consumption)
Safety outcomes

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The patients were then randomised to 1 of 5 treatments after having
been stratified by diagnosis" "The randomisation schedule was organized in
blocks of 5, so as to ensure that within each centre the number of patients in
each group was approximately equal”

Chronotherapy versus conventional statins therapy for the treatment of hyperlipidaemia (Review) 23
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Davignon 1990 (Continued)

(page 23B trial report)

Allocation concealment Unclear risk No information provided
(selection bias)
Blinding of participants Low risk Quote: "The double-dummy technique was used to render the study double
and personnel (perfor- blind" "In the case of once-each-morning regimen and the once-each-evening
mance bias) regimen, a placebo capsule matching lovastatin was taken in the evening and
All outcomes morning respectively, to ensure that all patients took 1 capsule and 1 tablet
twice daily." (page 23B trial report)
Comment: Probably done
Blinding of outcome as- Low risk Quote: "The laboratory maintained the results of the lipid and apolipoproteins
sessment (detection bias) analyses from 2 weeks onward and did not reveal them to the clinics or the co-
All outcomes ordinating center until the completion of the study"
(page 23B trial report)
Comment: biochemicals data analysed
Incomplete outcome data  Low risk Quote: “The study was completed by 283 of the 290 subjects enrolled” (7/290,
(attrition bias) 2.4%)
All outcomes
"analyzable lipid data, using the all-patients-treated approach were available
for 289 patients” (page 25B trial report)
Comment: the percentage of withdrawals was very low; therefore we consider
that there is a low risk of bias
Selective reporting (re- High risk The results are only shown in a graph without SD
porting bias)
There is not protocol available
Other bias Unclear risk Insufficient information to assess whether an important risk of bias existed

Hunninghake 1990

Methods

Study design: randomised, double-blind, parallel, placebo-controlled study
Setting/location: six lipid treatment centres. Country: USA

Period of study: not reported

Unit of randomisation: participants

Unit of analysis: participants

Participants

Inclusion criteria:

« Primary hypercholesterolaemia

« Age20-72 years

« LDL-C concentration = 85th percentile for age and sex despite dietary intervention and a triglyceride
concentration <250 mg/dL

Exclusion criteria:

« Premenopausal women (unless surgically sterilised)

+ Insulin-dependent diabetes mellitus

« Non-insulin-dependent diabetes mellitus with fasting blood glucose > 140 mg/dL
« Blood pressure>160/100 mm Hg

« Myocardial infarction within 6 months
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« Severe or unstable angina pectoris or uncompensated heart failure
« Significant renal or hepatic disease

« Excesive obesity (> 40% above ideal body weight)

« Consumption of more than 10 alcoholic drinks per week

« Participants with hypercholesterolaemia types IlI, IV or V

Enrolled: 228 participants
Randomised: 196 participants (not reported data by group)

Withdrawals: 8 participants: 2 for personal reasons (1 morning and 1 placebo group), 2 for open heart
surgery (1 evening and 1 twice-daily group), 1 because of chronic lymphocytic leukaemia (evening
group), 1 was lost to follow-up (evening group), 1 was withdrawn because of erroneous randomisation
and 1 due to gastrointestinal discomfort (placebo group)

Participants assessed (efficacy): 184 participants (M-DG: n =48, E-DG: n =43, PG: n = 46 and twice-dai-
ly group: n = 47). 12 participants were excluded from the efficacy analysis: 9 deviation from entrance

criteria and 3 for change in concomitant medication potentially affecting lipid metabolism (page 222
trial report)

Participants assessed (safety analysis): 196 participants

Definition of hyperlipidaemia: fasting LDL-C concentration = 85th percentile for age and sex than
North American populations and a Trygliceride concentration <250 mg/dL

Baseline characteristics:
Age (years) (mean): M-DG: 53.3, E-DG: 54, PG: 53.5 and twice-daily group: 52.6

Total cholesterol (TC) (mg/dL) (mean (SD)): M-DG: 320.2 (10.1), E-DG: 320.6 (11.2), PG: 326 (9.3) and
twice-daily group: 322.9 (10.1)

LDL-C (mg/dL) (mean): M-DG: 242.7, E-DG: 244.6, PG: 249.8 and twice-daily group: 244.7.

HDL-C (mg/dL) (mean (SD)): M-DG: 44.5 (1.6), E-DG: 44.5 (1.9), PG: 46.4 (1.6) and twice-daily group: 44.1
(1.6)

Triglycerides (mg/dL) (mean (SD)): M-DG: 55.7 (3.1), E-DG: 55.3 (4.6), PG: 55.3 (3.5) and twice-daily
group: 59.9 (3.5)

Interventions

Type of interventions: morning vs evening vs twice-daily doses of pravastatin
M-DG: 40 mg daily dose of pravastatin in the morning

E-DG: 40 mg daily dose of pravastatin in the evening

Twice-daily group (TDG): 20 mg twice daily (am + pm) of pravastatin

Placebo group (PG): placebo
Duration of intervention: 14 weeks (figure 1 trial report)
Pre-randomisation period: 6 weeks

Treatment phase: 8 weeks

Outcomes Change in lipid levels: TC, LDL-C, HDL-C and triglycerides levels (mg/dL)
Drug compliance (consumption)
Safety outcomes

Notes

Risk of bias
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Hunninghake 1990 (continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No information provided
tion (selection bias)

Allocation concealment Unclear risk No information provided
(selection bias)

Blinding of participants Low risk Quote: "Pravastatin and placebo were supplied as identical-appearing tablets
and personnel (perfor- in blister cards. To maintain double-blind conditions during the treatment
mance bias) phase, drug supplies were packaged so each patient received the same num-
All outcomes ber of tablets each day." (page 221 trial report)

Blinding of outcome as- Low risk Quote: "Blood chemistry analysis was performed centrally at the university of
sessment (detection bias) Cincinnati" (page 221 trial report)

All outcomes

Incomplete outcome data  Low risk Quote: "228 patients were enrolled, of which 196 qualified and were ran-
(attrition bias) domised to receive pravastatin or placebo. A total of 188 patients completed 8
All outcomes weeks of double-blind treatment." (8/196; 4.1%)

"The included population (evaluated for efficacy) comprised 184 pa-
tients" (page 222 trial report)

Selective reporting (re- High risk Not reported the number of analysed patients in each arm
porting bias)
There is no protocol available

Other bias Unclear risk Insufficient information to assess whether an important risk of bias existed
Kim 2013
Methods Study design: prospective, randomised, double-blind, phase Ill clinical trial

Setting/location: multicenter (hospitals: Seoul Metropolitan Boramae, Korea University Guro,
Soonchunhyang University, Kangdong Sacred Heart, Ewha Womans University Mokdong, Bundang Jae-
saeng General and Dongguk University Ilsan. Country: South Korea

Period of study: from 21 July 2008-19 June 2009

Unit of randomisation: participants

Unit of analysis: participants

Trial test: equivalence

Analysis strategy: intention-to-treat

Participants Inclusion criteria:

« Participants with LDL-C levels between 100 mg/dL and 220 mg/dL and triglyceride levels <400 mg/dL.
All of them were held to a therapeutic lifestyle for 4 weeks. At the end of that time only the participants
who still met the above inclusion criteria were randomly assigned to morning or evening statin dose

group.
Exclusion criteria:

« Prior experience with any side effect of statin
+ Alcoholism

+ Impaired hepatic function (alanine aminotransferase (ALT) level > 2 times the upper limit of normal
levels)

« Impaired renal function (serum creatinine levels > 2.0 mg/dL or blood urea nitrogen > 30 mg/dL)
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Kim 2013 (continued)

« Uncontrolled hypertension (blood pressure > 160/100 mm Hg)

« Active gout or serum uric acid > 9.0 mg/dL

« Congestive heart failure

» Unstable angina

« Recent myocardial infarction (within previous 6 months)

« Percutaneous coronary intervention or bypass surgery

« Peripheral artery disease

« Recent cerebral-vascular accident or transient ischaemics accident (within previous 6 months)
« Poorly controlled diabetes with HbA;¢ > 9%

« Active peptic ulcer disease
« Gastrointestinal problems that could influence drug absorption
« Cancer

Enrolled: 298 (130 participants finally did not follow the therapeutic lifestyle control and 36 partici-
pants did not meet the inclusion criteria after the therapeutic lifestyle control).

Randomised: 132 (M-DG: n =64, E-DG: n =68)

Excluded (post-randomisation): 9 participants (3 participants in the M-DG & 6 participants in the E-
DG). Reasons: in both arms the participants were excluded because they lacked blood tests.
Participants assessed (ITT analysis): 123 (M-DG: n =61, E-DG: n = 62).

Participants assessed (safety analysis): 132 (M-DG: n=61, E-DG: n =62)

Withdrawals:

M-DG: 3/61 (4.9%). Reasons: 1 participant discontinued due to constipation, 1 participant due to un-
specified chest discomfort and 1 participant for refusal to follow-up

E-DG: 7/62 (11.3%). Reasons: 2 participants were dropped due to concomitant medication (exclu-
sion criteria), 1 participant for refusal to follow-up, 4 participants for arthralgia, dyspepsia, dizziness,
pyelonephritis and peripheral coldness

Definition of hyperlipidaemia: LDL-C between 100 mg/dL and 200 mg/dL
Baseline characteristics:

Female (%): M-DG: 57.4, E-DG: 53.2

Age (years) (mean (SD)): M-DG: 58.7 (8.3), E-DG: 58.5 (9.5)

Total cholesterol (TC) (mg/dL) (mean (SD)): M-DG: 236.1 (28.9), E-DG: 238.4 (31.1)
LDL-C (mg/dL) (mean (SD)): M-DG: 155.0 (22.3), E-DG: 160.6 (25.0)

HDL-C (mg/dL) (mean (SD)): M-DG: 48.6 (9.7), E-DG: 50.3 (11.3)

Triglycerides (mg/dL) (mean (SD)): M-DG: 157.1 (65.2), E-DG: 147.3 (63.1)

Duration of hypercholesterolaemia (years) (mean): not reported

Interventions

Type of interventions: morning vs evening doses of simvastatin
M-DG: 20 mg daily dose of controlled-release simvastatin (one 20 mg tablet) in the morning and a
placebo tablet in the evening

E-DG: 20 mg daily dose of controlled-release simvastatin (one 20 mg tablet) in the evening and a place-

bo tablet in the morning
Duration of intervention: 8 weeks

Outcomes

Primary endpoint: change in LDL-C levels (mg/dL)

Secondary endpoints:

Chronotherapy versus conventional statins therapy for the treatment of hyperlipidaemia (Review)
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Kim 2013 (continued)

« Changein lipid levels: TC, HDL-C and triglycerides levels (mg/dL)
« Change in other markers: lipoprotein, apolipoproteins A1 and B

Safety outcomes: any adverse event including hepatic and renal functions, ECG and vital signs

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Eligible patients were randomly assigned using a randomisation ta-
tion (selection bias) ble" (page 1351 trial report)
Allocation concealment Unclear risk No information provided
(selection bias)
Blinding of participants Low risk Quote: "The processes were blinded during the entire study period" (page
and personnel (perfor- 1352 trial report)
mance bias)
All outcomes Comment: probably done
Blinding of outcome as- Low risk Quote: "The processes were blinded during the entire study period" (page
sessment (detection bias) 1352 trial report)
All outcomes
Comment: probably done
Incomplete outcome data  Unclear risk The percentage of randomised participants without known results can be sig-
(attrition bias) nificantly different in both arms (4.7 % vs 8.8%) (figure 1 trial report)
All outcomes
(19/132; 14.4%)
Selective reporting (re- Low risk Clinical trial registered in ClinicalTrials.gov (Identifier: NCT00973115). All out-
porting bias) comes from protocol were reported in the results of the trial
Other bias Unclear risk Insufficient information to assess whether an important risk of bias existed
Kruse 1993
Methods Study design: prospective, randomised trial

Setting/location: not reported.Country: Germany
Period of study: not reported (published in 1993)
Unit of randomisation: participant

Unit of analysis: participant

Trial test: not reported

Analysis strategy: intention-to-treat

Participants

Inclusion criteria: outpatients with familiar hypercholesterolaemia

Exclusion criteria: not reported

Randomised: 24 (M-DG: n=12, E-DG: n=12)

Participants assessed: 24 participants

Withdrawals: no withdrawals
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Kruse 1993 (Continued)

Definition of hyperlipidaemia: not reported

Baseline characteristics:

Female (%): M-DG: 25, E-DG: 33

Age (years) (mean (SD)): M-DG: 48.4 (11.4), E-DG: 45 (9.7)

Total cholesterol (TC) (mg/dL) (mean (SD)): M-DG: 424.6 (129.9), E-DG: 450.9 (87.0)
LDL-C (mg/dL) (mean (SD)): M-DG: 338.8 (111), E-DG: 379.7 (80.1)

HDL-C (mg/dL) (mean (SD)): M-DG: 36.4 (10.8), E-DG: 40.2 (8.1)

Triglycerides (mg/dL) (mean (SD)): M-DG: 178.9 (92.1), E-DG: 130.2 (52.3)

Interventions

Type of interventions: morning vs evening doses of lovastatin

M-DG: 20 mg daily dose of lovastatin in the morning (regime 6:00 am-10:00 am)

E-DG: 20 mg daily dose of lovastatin in the evening (regime 5:00 pm-9:00 pm)

Duration of intervention: 8 weeks. Quote: "The patients received placebo firstin order to achieve sta-
ble baseline lipid values (washout period)... and all patients were randomly assigned to receive place-
bo...for 4 weeks. The washout period was followed by a second period of 4 weeks during which the pa-
tients were to take lovastatin 20 mg" (page 211 trial report)

Outcomes Drug compliance (consumption and time compliance)

Change in lipid levels: TC, LDL-C, HDL-C and triglycerides levels (mg/dL)
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "..and all patients were randomly assigned to receive placebo.." (page
tion (selection bias) 211 trial report)

Comment: insufficient information to make a judgement

Allocation concealment Unclear risk No information provided
(selection bias)
Blinding of participants Unclear risk Blinding of participants and study personnel not reported
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Blinding of outcome assessors not reported
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Did not report number of withdrawals
(attrition bias)
All outcomes Comment: denominator values suggested complete follow-up
Selective reporting (re- Unclear risk Insufficient information to permit judgement of ‘low risk’ or ‘high risk’
porting bias)
Other bias Unclear risk Insufficient information to assess whether an important risk of bias existed
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Nakaya 1995

Methods

Study design: prospective, randomised trial

Setting/location: Tokai University Tokyo Hospital. Country: Japan
Period of study: August-December 1990

Unit of randomisation: participant

Unit of analysis: participant

Trial test: not reported

Analysis strategy: intention-to-treat

Participants

Inclusion criteria:

» Cholesterol total concentration greater than 220 mg/dL
« Male

» Age 20-65years

« No comorbidity

Exclusion criteria:

» Hypothyroidism

« Cushing and nephrotic syndromes

« Biliary-tract disease

« Pancreatitis

+ Lupus erythematosus

« Lymphoma, myeloma and pheochromocytoma
» Uncontrolled diabetes and hypertension
« Secondary hyperlipidaemia

« Low-fat diet

« Cognitive disability, renal disease

« Drug hypersensitivity

Randomised: 22

Participants assessed (ITT analysis): 22

Definition of hyperlipidemia: not described

Baseline characteristics:

Total cholesterol (TC) (mg/dL) (mean (SD)): M-DG: 243.6 (9.4), E-DG: 248.7 (10) & ME-G: 239.3 (7.5)
LDL-C (mg/dL) (mean (SD)): M-DG: 156.9 (8.3), E-DG: 160.6 (12.5) & ME-G: 156.9 (7.6)

HDL-C (mg/dL) (mean (SD)): M-DG: 50.8 (2.9), E-DG: 51.2 (3.8) & ME-G: 50.4 (2.1)

Triglycerides (mg/dL) (mean (SD)): M-DG: 190.7 (43.4), E-DG: 192.8 (37.6) & ME-G: 160 (12.5)

Interventions

Type of interventions: morning vs evening doses of fluvastatin
M-DG: fluvastatin 10 mg
E-DG: fluvastatin 10 mg

Morning-Evening group (ME-G): fluvastatin 5 mg (twice a day)
Duration of intervention:

Washout period: 2 weeks (placebo)

Treatment phase: 4 weeks
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Nakaya 1995 (Continued)

Follow-up observation period: 2 weeks (placebo)

Outcomes Lipid levels: TC, LDL-C, HDL-C and triglycerides (mg/dL)

Notes Translated (original in Japanese)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk The study described a permuted-block randomisation

tion (selection bias)

Allocation concealment Low risk Central allocation controlled by the Pharmacy Service

(selection bias)

Blinding of participants Low risk The authors were concerned to blind the treatment, all tablets were similar

and personnel (perfor- and indistinguishable

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Blinding of outcome assessors not reported

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Not available the flow chart of the study

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement of ‘low risk’ or ‘high risk’

porting bias)

Other bias Unclear risk Insufficient information to assess whether an important risk of bias existed
Saito 1991

Methods Study design: double-blind placebo controlled study

Setting/location: not reported. Country: not reported
Period of study: not reported (published in 1991)

Unit of randomisation:

participant

Unit of analysis: participant

Trial test: not reported

Analysis strategy: not reported

Participants

Inclusion criteria:

« Participants diagnosed as having hyperlipidaemia (including participants with familiar hypercholes-

terolaemia)

« Agerange: 18-65 years

Exclusion criteria:

« Liverdisease

« Serious renal disease

« Recent myocardial infarction or apoplexy

Chronotherapy versus conventional statins therapy for the treatment of hyperlipidaemia (Review)
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Saito 1991 (Continued)

« Heart failure

« Secondary hyperlipidaemia
« Hypersensitive to drugs

» Pregnant

+ Breast feeding

Randomised: 172 participants (not reported by arm)

Participants assessed at 0 weeks: 147 participants (M-DG1: n =29, E-DG1: n=27,M-DG2: n =32, E-
DG2: n =28, PG: n=31)

Withdrawals (subject decision): 46 participants (M-DG1: n=7, E-DG1: n =10, M-DG2: n = 10, E-DG2: n =
10, PG: n=9)

Participants assessed at + 4 weeks: 101 participants (M-DG1: n =22, E-DG1: n =17, M-DG2: n =22, E-
DG2: n=18, PG: n=22)

Definition of hyperlipidaemia: a serum cholesterol value of at least 220 mg/dL at each determination.
The serum cholesterol was determined at least twice at intervals of 2-4 weeks

Baseline characteristics:

Total cholesterol (TC) (mg/dL) (mean (SD)): (M-DG1: 273.0 (39.6), E-DG1: 274.9 (37.2), M-DG2: 277.4
(49.8), E-DG2: 288.8 (46.9), PG: 285.8 (44.6))

LDL-C (mg/dL) (mean (SD)): (M-DG1: 182.7 (46.8), E-DG1: 195.9 (36.7), M-DG2: 194.2 (48.1), E-DG2: 204.3
(52.2), PG: 200.2 (54.3))

HDL-C (mg/dL) (mean (SD)): (M-DG1: 54.4 (24.3), E-DG1: 47 (15), M-DG2: 52.7 (17.9), E-DG2: 53.2 (13), PG:
49.9 (14.3))

Triglycerides (mg/dL) (mean (SD)): (M-DG1: 179.6 (105.3), E-DG1: 160.3 (72.3), M-DG2: 152.5 (77.4), E-
DG2: 156.3 (68.9), PG: 178.4 (124.5))

Interventions

Type of interventions: morning vs evening doses of simvastatin (figure 1 trial report)

M-DG1: 2.5 mg daily dose of simvastatin with a placebo tablet of simvastatin 5 mg tablet in the morn-
ing and a placebo tablet of simvastatin 2.5 mg with a placebo tablet of simvastatin 5 mg in the evening
E-DG1: a placebo tablet of simvastatin 2.5 mg with a placebo tablet of simvastatin 5 mg in the morning
and 2.5 mg daily dose of simvastatin with a placebo tablet of simvastatin 5 mg in the evening

M-DG2: 5 mg daily dose of simvastatin with a placebo tablet of simvastatin 2.5 mg in the morning and
a placebo tablet of simvastatin 2.5 mg with a placebo tablet of simvastatin 5 mg in the evening

E-DG2: a placebo tablet of simvastatin 5 mg with a placebo tablet of simvastatin 2.5 mg in the morning
and 5 mg daily dose of simvastatin with a placebo tablet of simvastatin 2.5 mg tablet in the evening

PG: a placebo tablet of simvastatin 2.5 mg with a placebo tablet of simvastatin 5 mg in the morning and
in the evening

Duration of intervention: 20 weeks including:

« preliminary observation study: 4 weeks (placebo);
« treatment period: 12 weeks (experimental drugs);
« follow-up observation period: 4 weeks (placebo).

During the experimental period, the participants were instructed not to change their eating habits and
alcohol consumption was prohibited on the day before test were performed. Concomitant administra-
tion of drugs known to affect serum lipid levels was prohibited

Outcomes Lipid levels: TC, LDL-C, HDL-C, apolipoproteins and triglycerides levels (mg/dL)
Adverse events
Notes
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Saito 1991 (Continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk No information provided

tion (selection bias)

Allocation concealment Unclear risk Quote: "was placed in envelopes for allocation to the subjects" (page 817 trial

(selection bias) report)
Comment: did not report if the assignment envelopes were used with appro-
priate safeguards (e.g. if envelopes were unsealed or non-opaque or not se-
quentially numbered)

Blinding of participants Low risk Quote: "To preserve the double-blind nature of this study, the double-dummy

and personnel (perfor- method was applied" (page 817 trial report)

mance bias)

All outcomes

Blinding of outcome as- Low risk The determination of serum lipid parameters was realized in a central labora-

sessment (detection bias) tory

All outcomes

Incomplete outcome data  High risk The authors did not report adequately the number and sources of withdrawals

(attrition bias) by arm (total: 46/172; 26.7%)

All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement of ‘low risk’ or ‘high risk’

porting bias)

Other bias Unclear risk Insufficient information to assess whether an important risk of bias existed

Scharnagl 2006
Methods Study design: prospective, randomised, double-blind, multiple dose phase Ill clinical trial

Setting/location: 43 centres. Country: Germany
Period of study: not reported (published in 2006)
Unit of randomisation: participants

Unit of analysis: participants

Trial test: non inferiority

Analysis strategy: intention-to-treat and per-protocol analysis

Participants

Inclusion criteria:

« Age 35-80 years
« Hypercholesterolemia type lla/b (Frederickson) and,
« LDL-C=160 mg/dL and triglycerides <400 mg/dL in the absence of lipid-lowering treatment

Exclusion criteria:

« Any condition that could cause secondary dyslipidaemia

« Active liver disease or transaminase elevations > 2 x upper limits of normal (ULN)
« Muscular symptoms

« Creatine kinase (CK) >2 x ULN

» Thyroid stimulating hormone =2 x ULN
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Scharnagl 2006 (Continued)

« Significant cardiovascular disease (within previous 6 months)

« Uncontrolled diabetes type 2 (within previous 3 months)

« Known hypersensitivity to the drug

« Need for prohibited concomitant therapy or taking supplements known to affect lipid metabolism

Screened for eligibility: 358 participants

Randomised: 236 (the trial did not report the number of participants by group)
Excluded (post-randomisation): 2 participants (quote: "two patients were subsequently excluded
from analysis because they did not receive active study treatment")

Participants assessed (ITT analysis): including all participants for whom there was at least one LDL-C
measurement: 229 (M-DG: n =109, E-DG: n =120)

Participants assessed (per protocol analysis): including all participants who did not have any severe
protocol deviations: 197 (M-DG: n =92, E-DG: n = 105)

Participants assessed (safety analysis): 234 (M-DG: n =113, E-DG: n=121)

Definition of hyperlipidaemia: hypercholesterolaemia type Ila/b (Frederickson), LDL-C = 160 mg/dL
and triglycerides <400 mg/dL in the absence of lipid-lowering treatment

Interventions Type of interventions: morning vs evening doses of fluvastatin XL
M-DG: 80 mg daily dose of fluvastatin XL in the morning and a placebo tablet in the evening
E-DG: 80 mg daily dose of fluvastatin XL in the evening and a placebo tablet in the morning
Duration of intervention: 8 weeks

Baseline characteristics:

Female (%): M-DG: 65.1, E-DG: 59.2

Age (years) (mean): M-DG: 60.1, E-DG: 60.6

Total cholesterol (TC) (mg/dL) (mean (SD)): M-DG: 282.3 (32.6), E-DG: 282.5 (35.4)
LDL-C (mg/dL) (mean (SD)): M-DG: 189.9 (27.6), E-DG: 188.5 (32.9)

HDL-C (mg/dL) (mean (SD)): M-DG: 58.0 (16.5), E-DG: 59.4 (16.3)

Triglycerides (mg/dL) (mean (SD)): M-DG: 176.0 (80.7), E-DG: 176.4 (74.4)
Duration of hypercholesterolaemia (years) (mean): M-DG: 5.1, E-DG: 5
Concomitant diseases: M-DG: 89%, E-DG: 91.7%

Concomitant medications: M-DG: 77.1%, E-DG: 77.5%

Outcomes Primary endpoint: change in LDL-C levels (mg/dL) between week 0 and week 8
Secondary endpoints:

« Changein LDL-C levels (mg/dL) between week 0 and week 4
« Changein responder rates (LDL-C < 160 mg/dL) between week 0 and weeks 4 & 8
« Changein lipid levels: TC, HDL-C and triglycerides levels (mg/dL)

« Change in other markers: ratio of LDL-C/HDL-C, apolipoproteins Al and B, homocysteine and hs-CRP
levels between week 0 and weeks 4 & 8

Safety outcomes: any adverse event

Notes

Risk of bias
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Scharnagl 2006 (Continued)
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "..were randomised to receive fluvastatin..." (page 242 trial report)
tion (selection bias)
Comment: insufficient information to make a judgement
Allocation concealment Unclear risk No information provided
(selection bias)
Blinding of participants Unclear risk Quote: "This was a prospective, double-blind.." (page 242 trial report)
and personnel (perfor-
mance bias) Comment: no information provided about how they did it
All outcomes
Blinding of outcome as- Unclear risk Quote: "This was a prospective, double-blind.." (page 242 trial report)
sessment (detection bias)
All outcomes Comment: no information provided about how they did it
Incomplete outcome data  Unclear risk Not reported the reason of the participant exclusion in the ITT and per-proto-
(attrition bias) col analyses (39/236; 16.5%)
All outcomes
Selective reporting (re- Unclear risk Insufficient information to permit judgement of ‘low risk’ or ‘high risk’
porting bias)
Other bias Unclear risk Insufficient information to assess whether an important risk of bias existed

Tharavanij 2010

Methods

Study design: randomised double-blind trial

Setting/location: Thammasat University Hospital. Country: Thailand
Period of study: not reported (published in 2010)

Unit of randomisation: participants

Unit of analysis: participants

Participants

Inclusion criteria:

« Participants needed statin treatment as primary or secondary prevention according to NCEP ATP IlI
« 18-70yearsold

Exclusion criteria:

« Malabsorption

« Renalinsufficiency (CR>1.5 mg/dL)
« Chronic liver disease

« Hepatitis

« Cancer

« AIDS

« Hypothyroidism

« Hypopituitarism

« Nephrotic syndrome

« Pregnant or breast feeding women

« Consumption of drugs or food which interfere lipid levels such as corticosteroid, cyclosporine, itra-
conazole, ketoconazole, diltiazem, erythromycin, clarithromycin, niacin and grape juice, retinoic acid,
sex hormone and thiazide
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Tharavanij 2010 (Continued)

Enrolled: 60 participants

Randomised: 57 participants. Quote: "Three subjects failed to follow-up during the preliminary 2-week
runin period"
Excluded (post-randomisation): 1 (inclusion failure: abnormal liver function)

Participants assessed: 52 (M-DG: n =25, E-DG: n =27)

Withdrawals: 4 participants. and 4 subjects dropped out during treatment" (page 110 trial report)
Definition of hyperlipidaemia: NCEP ATP II|

Baseline characteristics:

Female (%): M-DG: 60, E-DG: 66.6

Age (years) (mean (SD)): M-DG: 56.1 (8.5), E-DG: 53.3 (10.4)

Total cholesterol (TC) (mg/dL) (mean (SD)): M-DG: 242.2 (41.4), E-DG: 243.1 (28.4)
LDL-C (mg/dL) (mean (SD)): M-DG: 171.6 (30.1), E-DG: 172.1 (29.1)

HDL-C (mg/dL) (mean (SD)): M-DG: 44.8 (9.9), E-DG: 45.6 (9.3)

Triglycerides (mg/dL) (mean (SD)): M-DG: 155.1 (66.8), E-DG: 141.0 (50.1)
Duration of hypercholesterolaemia (years) (mean): not reported

Hypertension (n, %): M-DG: 14 (56), E-DG: 13 (48.1)

Diabetes n (%): M-DG: 4 (16), E-DG: 5 (18.5)

Current smoker n (%): M-DG: 1 (4), E-DG: 1 (3.7)

Interventions Type of interventions: morning vs evening doses of simvastatin
M-DG: 10 mg daily dose of simvastatin in the morning (regime 6:00 am-10:00 am)
E-DG: 10 mg daily dose of simvastatin in the evening (regime 7:00 pm-10:00 pm)
Duration of intervention: 12 weeks

Outcomes Change in lipid levels: LDL-C, TC, HDL-C and triglycerides levels (mg/dL)

Compliance: method of measure not reported

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "enrolled participants were randomised by permuted block to receive
tion (selection bias) 10 mg simvastatin in the morning or evening and placebo" (page 110 trial re-
port)
Allocation concealment Unclear risk No information provided
(selection bias)
Blinding of participants Unclear risk Blinding of participants and study personnel not reported
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Blinding of outcome assessors not reported
sessment (detection bias)
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Tharavanij 2010 (Continued)
All outcomes

Incomplete outcome data  Low risk
(attrition bias)
All outcomes

57 participants were randomised and 52 participants completed the study
(5/57; 8.7%)

Selective reporting (re- High risk
porting bias)

Lipid levels by week were described incompletely

Other bias Unclear risk

Insufficient information to assess whether an important risk of bias existed

ALT: alanine transaminase

E-DG: evening-dose group

HDL-C: high-density lipoprotein cholesterol
hs-CRP: high-sensitivity C-reactive Protein
ITT: intention-to-treat (analysis)

LDL-C: low-density lipoprotein cholesterol
M-DG: morning-dose group

ME-G: morning-evening group

RCT: randomised controlled trial

TC: total cholesterol

ULN: upper limits of normal

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Arca 2007 Design: not a RCT
Cilla 1996 Did not assess the effects of statins in hyperlipidaemia

Dujovne 1994

Experimental and control arms not differing only by the timing of the administration of the same
statin

Erdogan 2010

Design: not a RCT

Fauler 2007

Not acceptable lipid-lowering regimen: single dose

Hunninghake 1998

Experimental and control arms not differing only by the timing of the administration of the same
statin

Illingworth 1986

Design: not a RCT

Insull 1994 Experimental and control arms not differing only by the timing of the administration of the same
statin

Kele, 2008 Did not assess the effects of the timing of statin administration

Lund 2002 Participants: the study did not consider hyperlipidaemia as an inclusion criteria

Martin 2002 Did not assess the effects of statins in hyperlipidaemia

Matsuzawa 1991

Did not assess the effects of the timing of statin administration

Nozaki 1996

Design: not a RCT
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Study Reason for exclusion

Plakogiannis 2005 Design: not a RCT

Schwartz 2009 Design: not a RCT

Stein 1997 Experimental and control arms not differing only by the timing of the administration of the same
statin

Triscari 1995 Did not assess the effects of statins in hyperlipidaemia

Wallace 2003 Did not assess the effects of statins in hyperlipidaemia

Yoon 2011 Did not assess the effects of statins in hyperlipidaemia

RCT: randomised controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]

Nakaya 1990

Methods Study design: randomised double-blind trial
Period of study: not reported (published in 1990)
Unit of randomisation: participants
Unit of analysis: participants

Participants Hyperlipidaemic participants

n =66 participants

Interventions Type of interventions: morning vs evening doses of simvastatin
M-DG: 10 mg daily dose of pravastatin after breakfast
E-DG: 10 mg daily dose of pravastatin after dinner
Duration of intervention: 12 weeks

Outcomes Change in lipid levels: TC, HDL-C and triglycerides levels (mg/dL)

Treatment side effects

Notes

E-DG: evening-dose group
HDL-C: high-density lipoprotein cholesterol
TC: total cholesterol

DATA AND ANALYSES

Comparison 1. Lipids (mg/dL)

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Total cholesterol (mg/dL) 5 514 Mean Difference (IV, Fixed, 95%  4.33[-1.36,10.01]
Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2 Total cholesterol (mg/dL). Sub- 4 Mean Difference (IV, Fixed, 95%  Subtotals only

group analysis follow-up Cl)

2.1 Follow-up 4 weeks 3 275 Mean Difference (IV, Fixed, 95%  3.88 [-3.66, 11.43]
Cl)

2.2 Follow-up 8 weeks 2 352 Mean Difference (IV, Fixed, 95%  1.01 [-5.43, 7.45]
Cl)

3 Total cholesterol (mg/dL). Sen- 5 514 Mean Difference (IV, Random, 5.73[-2.05, 13.52]

sitivity analysis: statistical model 95% Cl)

(random-effects)

4 Total cholesterol (mg/dL). Sensi- 4 398 Mean Difference (IV, Fixed, 95%  1.93 [-4.29, 8.15]

tivity analysis: missing data (with- Cl)

out Saito 1991)

5LDL-C (mg/dL) 5 473 Mean Difference (IV, Fixed, 95%  4.85[-0.87, 10.57]
Cl)

6 LDL-C (mg/dL). Subgroup analysis: 6 Mean Difference (IV, Random, Subtotals only

follow-up 95% Cl)

6.1 Follow-up: 4 weeks 5 405 Mean Difference (IV, Random, 12.30 [2.40, 22.20]
95% Cl)

6.2 Follow-up: 8 weeks 4 480 Mean Difference (IV, Random, 8.81[0.21,17.42]
95% CI)

6.3 Follow-up: 12 weeks 1 107 Mean Difference (IV, Random, 14.0 [-3.49, 31.49]
95% Cl)

7 LDL-C (mg/dL). Sensitivity analy- 5 473 Mean Difference (IV, Random, 4.85[-0.87,10.57]

sis: statistical model (random-ef- 95% Cl)

fects)

8 LDL-C (mg/dL). Sensitivity analy- 4 366 Mean Difference (IV, Fixed, 95%  3.76 [-2.29, 9.81]

sis: missing data (without Saito Cl)

1991)

9 HDL-C (mg/dL) 5 514 Mean Difference (IV, Fixed, 95%  0.54 [-1.08,2.17]
cl

10 HDL-C (mg/dL). Subgroup analy- 4 Mean Difference (IV, Fixed, 95%  Subtotals only

sis follow-up Cl)

10.1 Follow-up 4 weeks 3 275 Mean Difference (IV, Fixed, 95%  0.28 [-2.02, 2.57]
Cl)

10.2 Follow-up 8 weeks 2 352 Mean Difference (IV, Fixed, 95%  0.69 [-1.26, 2.64]
Cl)

11 HDL-C (mg/dL). Sensitivity analy- 5 514 Mean Difference (IV, Random, 0.54 [-1.08,2.17]

sis: statistical model (random-ef-
fects)

95% Cl)
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pants

12 HDL-C (mg/dL). Sensitivity analy- 4 398 Mean Difference (IV, Fixed, 95%  0.60 [-1.15, 2.35]
sis: missing data (without Saito Cl)
1991)
13 Triglycerides (mg/dL) 5 510 Mean Difference (IV, Fixed, 95% -8.91 [-20.00, 4.17]

Cl)
14 Triglycerides (mg/dL). Subgroup 4 Mean Difference (IV, Fixed, 95%  Subtotals only
analysis follow-up Cl)
14.1 Follow-up 4 weeks 3 275 Mean Difference (IV, Fixed, 95%  -8.24 [-26.58,

cl 10.09]
14.2 Follow-up 8 weeks 2 352 Mean Difference (IV, Fixed, 95% -10.82[-25.97,

cl 4.33]
15 Triglycerides (mg/dL). Sensitiv- 5 510 Mean Difference (IV, Random, -8.91 [-20.00, 4.17]
ity analysis: statistical model (ran- 95% Cl)
dom-effects)
16 Triglycerides (mg/dL). Sensitiv- 4 398 Mean Difference (IV, Fixed, 95%  -10.48 [-25.03,
ity analysis: missing data (without Cl) 4.08]
Saito 1991)

Analysis 1.1. Comparison 1 Lipids (mg/dL), Outcome 1 Total cholesterol (mg/dL).
Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Kim 2013 61 -62(28) 62 -67(27) +-— 34.19% 5[-4.72,14.72]
Kruse 1993 12 -69.2 12 -91.7(73.4) } + 0.56% 22.5[-53.5,98.5]
(112.5)
Nakaya 1995 11 -18.6(27.1) 11 -32.7(33.8) —_ 4.93% 14.1[-11.5,39.7]
Saito 1991 61  -35.3(38.9) 55 -51.8(38) — 16.48% 16.5[2.49,30.51]
Scharnagl 2006 109 -69.3(31.4) 120 -67.2(34.9) - 43.84% -2.1[-10.69,6.49]
Total *** 254 260 2 100% 4.33[-1.36,10.01]
Heterogeneity: Tau?=0; Chi*=5.85, df=4(P=0.21); 1>=31.64%
Test for overall effect: Z=1.49(P=0.14)
-100 -50 0 50 100

Favours morning-dose

Favours evening-dose

Analysis 1.2. Comparison 1 Lipids (mg/dL), Outcome 2 Total cholesterol (mg/dL). Subgroup analysis follow-up.

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
1.2.1 Follow-up 4 weeks
Kruse 1993 12 -69.2 12 -91.7 (73.4) b 0.98% 22.5[-53.5,98.5]
(112.5)
Nakaya 1995 11 -18.6(27.1) 11 -32.7(33.8) —~—0— 8.68% 14.1[-11.5,39.7]
‘»100 »go 0 ;0 10(;

Favours morning-dose

Favours evening-dose

Chronotherapy versus conventional statins therapy for the treatment of hyperlipidaemia (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

40



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Scharnagl 2006 109 -73.7(30.6) 120 -76.4 (30.6) . 90.34% 2.7[-5.24,10.64]
Subtotal *** 132 143 b 100% 3.88[-3.66,11.43]
Heterogeneity: Tau?=0; Chi?=0.93, df=2(P=0.63); 1>=0%
Test for overall effect: Z=1.01(P=0.31)
1.2.2 Follow-up 8 weeks
Kim 2013 61 -62 (28) 62 -67 (27) -T.— 43.82% 5[-4.72,14.72]
Scharnagl 2006 109 -69.3 (31.4) 120 -67.2 (34.9) ‘-' 56.18% -2.1[-10.69,6.49]
Subtotal *** 170 182 ‘ 100% 1.01[-5.43,7.45]

Heterogeneity: Tau?=0; Chi*=1.15, df=1(P=0.28); 1?=13.1%
Test for overall effect: Z=0.31(P=0.76)

Favours morning-dose

-100

-50

0 50

100 Favours evening-dose

Analysis 1.3. Comparison 1 Lipids (mg/dL), Outcome 3 Total cholesterol
(mg/dL). Sensitivity analysis: statistical model (random-effects).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Kim 2013 61 -62 (28) 62 -67 (27) i 32.77% 5[-4.72,14.72]
Kruse 1993 12 -69.2 12 -91.7 (73.4) 1.03% 22.5[-53.5,98.5]

(112.5)
Nakaya 1995 11 -18.6 (27.1) 11 -32.7(33.8) T 8.13% 14.1[-11.5,39.7]
Saito 1991 61 -35.3(38.9) 55 -51.8(38) —— 21.15% 16.5[2.49,30.51]
Scharnagl 2006 109 -69.3 (31.4) 120 -67.2 (34.9) - 36.92% -2.1[-10.69,6.49]
Total *** 254 260 & 100% 5.73[-2.05,13.52]
Heterogeneity: Tau?=23.56; Chi?=5.85, df=4(P=0.21); 1*=31.64%
Test for overall effect: Z=1.44(P=0.15)
1100 —;0 0 5‘0 :

Favours morning-dose

100 Favours evening-dose

Analysis 1.4. Comparison 1 Lipids (mg/dL), Outcome 4 Total cholesterol
(mg/dL). Sensitivity analysis: missing data (without Saito 1991).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Kim 2013 61 -62 (28) 62 -67 (27) +I— 40.94% 5[-4.72,14.72]
Kruse 1993 12 -69.2 12 -91.7 (73.4) } * 0.67% 22.5[-53.5,98.5]
(112.5)
Nakaya 1995 11 -18.6 (27.1) 11 -32.7(33.8) —’—‘— 5.9% 14.1[-11.5,39.7]
Scharnagl 2006 109 -69.3 (31.4) 120 -67.2 (34.9) -—- 52.49% -2.1[-10.69,6.49]
|
Total *** 193 205 100% 1.93[-4.29,8.15]

Heterogeneity: Tau?=0; Chi*=2.38, df=3(P=0.5); I>=0%
Test for overall effect: Z=0.61(P=0.54)

Favours morning-dose

-100

-50
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Analysis 1.5. Comparison 1 Lipids (mg/dL), Outcome 5 LDL-C (mg/dL).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% CI
Kim 2013 61 -56 (26) 62 62 (23) = 43.4% 6[-2.68,14.68)
Kruse 1993 12 -67(112.1) 12 -81.2 (81.5) 0.53% 14.2[-64.22,92.62]
Nakaya 1995 11 -22.8(31.2) 11 -36 (47.8) —Tt 2.87% 13.2[-20.53,46.93]
Saito 1991 57 -37.9 (48) 50 -51.9 (44.3) T 10.68% 14[-3.49,31.49]
Scharnagl 2006 92 -66.2 (29.1) 105 -66.9 (33.7) L 3 42.52% 0.7[-8.07,9.47]
Total *** 233 240 . 100% 4.85[-0.87,10.57]
Heterogeneity: Tau?=0; Chi?=2.27, df=4(P=0.69); 1>=0%
Test for overall effect: Z=1.66(P=0.1) ‘ ‘ ‘ ‘

Favours morning-dose -100  -50 0 50 100 Favours evening-dose

Analysis 1.6. Comparison 1 Lipids (mg/dL), Outcome 6 LDL-C (mg/dL). Subgroup analysis: follow-up.

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.6.1 Follow-up: 4 weeks
Kruse 1993 12 -67(112.1) 12 -81.2 (81.5) A 1.56% 14.2[-64.22,92.62]
Nakaya 1995 11 -22.8(31.2) 11 -36 (47.8) —T 7.74% 13.2[-20.53,46.93]
Saito 1991 56 -33.4(54.9) 54 -50.8 (49.2) —— 19.31% 17.4[-2.07,36.87]
Scharnagl 2006 92 -67.1(30) 105 -71(32.5) = 47.88% 3.9[-4.83,12.63]
Tharavanij 2010 25 -35.3(32.9) 27 -60.1(29.3) —— 23.51% 24.8[7.82,41.78]
Subtotal *** 196 209 <& 100% 12.3[2.4,22.2]
Heterogeneity: Tau?=33.43; Chi?=5.39, df=4(P=0.25); 1?=25.74%
Test for overall effect: Z=2.44(P=0.01)
1.6.2 Follow-up: 8 weeks
Kim 2013 61 -56 (26) 62 -62 (23) - 33.37% 6[-2.68,14.68]
Saito 1991 55 -31.5(49.1) 53 -50.4 (46.3) — 15.75% 18.9[0.91,36.89]
Scharnagl 2006 92 -66.2 (29.1) 105 -66.9 (33.7) - 33.14% 0.7[-8.07,9.47]
Tharavanij 2010 25 -42.1(30.3) 27 -62.4(30.2) —— 17.74% 20.3[3.84,36.76]
Subtotal *** 233 247 L 2 100% 8.81[0.21,17.42]
Heterogeneity: Tau?=38.17; Chi*=6.21, df=3(P=0.1); 1>=51.71%
Test for overall effect: Z=2.01(P=0.04)
1.6.3 Follow-up: 12 weeks
Saito 1991 57 -37.9 (48) 50 -51.9 (44.3) _‘ 100% 14[-3.49,31.49]
Subtotal *** 57 50 . 100% 14[-3.49,31.49]
Heterogeneity: Not applicable
Test for overall effect: Z=1.57(P=0.12)

Favours morning-dose -100  -50 0 50 100 Favours evening-dose
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Analysis 1.7. Comparison 1 Lipids (mg/dL), Outcome 7 LDL-
C (mg/dL). Sensitivity analysis: statistical model (random-effects).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Kim 2013 61 -56 (26) 62 62 (23) = 43.4% 6[-2.68,14.68)
Kruse 1993 12 -67(112.1) 12 -81.2 (81.5) 0.53% 14.2[-64.22,92.62]
Nakaya 1995 11 -22.8(31.2) 11 -36 (47.8) —Tt 2.87% 13.2[-20.53,46.93]
Saito 1991 57 -37.9 (48) 50 -51.9 (44.3) T 10.68% 14[-3.49,31.49]
Scharnagl 2006 92 -66.2 (29.1) 105 -66.9 (33.7) L 3 42.52% 0.7[-8.07,9.47]
Total *** 233 240 . 100% 4.85[-0.87,10.57]
Heterogeneity: Tau?=0; Chi*=2.27, df=4(P=0.69); 1>=0%
Test for overall effect: Z=1.66(P=0.1)

-100 -;0 0 ;0 100‘

Favours morning-dose

Analysis 1.8. Comparison 1 Lipids (mg/dL), Outcome 8 LDL-
C (mg/dL). Sensitivity analysis: missing data (without Saito 1991).

Favours evening-dose

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Kim 2013 61 -56 (26) 62 -62 (23) i 48.59% 6[-2.68,14.68]
Kruse 1993 12 -67(112.1) 12 -81.2 (81.5) 0.6% 14.2[-64.22,92.62]
Nakaya 1995 11 -22.8(31.2) 11 -36 (47.8) B 3.22% 13.2[-20.53,46.93]
Scharnagl 2006 92 -66.2 (29.1) 105 -66.9 (33.7) E 3 47.6% 0.7[-8.07,9.47]
Total *** 176 190 ¢ 100% 3.76[-2.29,9.81]
Heterogeneity: Tau?=0; Chi*=1.09, df=3(P=0.78); 1>=0%
Test for overall effect: Z=1.22(P=0.22)

-100 —5;0 0 56 100‘

Favours morning-dose

Favours evening-dose

Analysis 1.9. Comparison 1 Lipids (mg/dL), Outcome 9 HDL-C (mg/dL).

Heterogeneity: Tau?=0; Chi*=0.84, df=4(P=0.93); 1>=0%
Test for overall effect: Z=0.66(P=0.51)

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Kim 2013 61 5(7) 62 5(8) + 37.36% 0[-2.66,2.66]
Kruse 1993 12 0.4 (6.8) 12 0(5.1) -+— 11.39% -0.4[-5.21,4.41)
Nakaya 1995 11 1.3(8) 11 -0.3(9) +— 5.2% 1.6[-5.52,8.72]
Saito 1991 61 2.4 (13.7) 55 2.2(9.8) + 14.22% 0.2[-4.1,4.5]
Scharnagl 2006 109 4.6 (10.9) 120 3.1(11.3) + 31.83% 1.5[-1.38,4.38]
Total *** 254 260 ’ 100% 0.54[-1.08,2.17]
0

Favours morning-dose

-50

Favours evening-dose
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Analysis 1.10. Comparison 1 Lipids (mg/dL), Outcome 10 HDL-C (mg/dL). Subgroup analysis follow-up.

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl

1.10.1 Follow-up 4 weeks ‘
Kruse 1993 12 0468 12 0(5.) + 22.84% -0.4[-5.21,4.41]
Nakaya 1995 11 1.3(8) 11 -0.3(9) +— 10.43% 1.6[-5.52,8.72]
Scharnagl 2006 109 2.3(10.8) 120 2(10.9) — 66.74% 0.3[-2.51,3.11]
Subtotal *** 132 143 * 100% 0.28[-2.02,2.57]
Heterogeneity: Tau?=0; Chi*=0.21, df=2(P=0.9); I>=0% ‘
Test for overall effect: Z=0.24(P=0.81) ‘

|
1.10.2 Follow-up 8 weeks ‘
Kim 2013 61 5(7) 62 5(8) — 53.99% 0[-2.66,2.66]
Scharnagl 2006 109 4.6 (10.9) 120 3.1(11.3) # 46.01% 1.5[-1.38,4.38]
Subtotal *** 170 182 * 100% 0.69[-1.26,2.64]
Heterogeneity: Tau?=0; Chi*=0.56, df=1(P=0.45); 1>=0% ‘
Test for overall effect: Z=0.69(P=0.49) ‘ ‘ ‘ ‘ ‘

Favours morning-dose  -100 -50 0 50 100 Favours evening-dose

Analysis 1.11. Comparison 1 Lipids (mg/dL), Outcome 11 HDL-
C (mg/dL). Sensitivity analysis: statistical model (random-effects).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Kim 2013 61 5(7) 62 5(8) * 37.36% 0[-2.66,2.66]
Kruse 1993 12 -0.4 (6.8) 12 0(5.1) 11.39% -0.4[-5.21,4.41]
Nakaya 1995 11 1.3(8) 11 -0.3(9) + 5.2% 1.6[-5.52,8.72]
Saito 1991 61 2.4(13.7) 55 2.2(9.8) '+' 14.22% 0.2[-4.1,4.5]
Scharnagl 2006 109 4.6 (10.9) 120 3.1(11.3) + 31.83% 1.5[-1.38,4.38]
Total *** 254 260 ’ 100% 0.54[-1.08,2.17]
Heterogeneity: Tau?=0; Chi*=0.84, df=4(P=0.93); 1>=0% ‘
Test for overall effect: Z=0.66(P=0.51) ‘
0

Favours morning-dose ~ -100 -50 50 100 Favours evening-dose

Analysis 1.12. Comparison 1 Lipids (mg/dL), Outcome 12 HDL-
C (mg/dL). Sensitivity analysis: missing data (without Saito 1991).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Kim 2013 61 5(7) 62 5(8) * 43.55% 0[-2.66,2.66]
Kruse 1993 12 0.4 (6.8) 12 0(5.1) + 13.28% -0.4[-5.21,4.41)
Nakaya 1995 11 1.3(8) 11 -0.3(9) +— 6.06% 1.6[-5.52,8.72]
Scharnagl 2006 109 4.6 (10.9) 120 3.1(11.3) # 37.11% 1.5[-1.38,4.38]
Total *** 193 205 * 100% 0.6[-1.15,2.35]
Heterogeneity: Tau?=0; Chi*=0.81, df=3(P=0.85); 1>=0% ‘

Test for overall effect: Z=0.67(P=0.5) ‘

Favours morning-dose ~ -100 -50 0 50 100 Favours evening-dose
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Analysis 1.13. Comparison 1 Lipids (mg/dL), Outcome 13 Triglycerides (mg/dL).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Kim 2013 61 27 (61) 62 22 (74) — . 29.86% -5[-28.95,18.95]
Kruse 1993 12 -95.4 (83.7) 12 -85 (47.3) — 5.79% -10.4[-64.8,44]
Nakaya 1995 11 64.1(292.5) 11 197(149.4) 4 * D 045% 44.4[-149.7,238.5]
Saito 1991 61 -16.3(89.4) 51 -14(72.1) — 19.14% -2.3[-32.21,27.61]
Scharnagl 2006 109 -51.1(75) 120 -36.4(75.9) —— 44.76% -14.7[-34.26,4.86]
Total *** 254 256 S 3 100% -8.91[-22,4.17]
Heterogeneity: Tau?=0; Chi?=0.92, df=4(P=0.92); 1>=0%
Test for overall effect: Z=1.33(P=0.18)

‘»100 »go 0 go 10(;

Favours morning-dose

Favours evening-dose

Analysis 1.14. Comparison 1 Lipids (mg/dL), Outcome 14 Triglycerides (mg/dL). Subgroup analysis follow-up.

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
1.14.1 Follow-up 4 weeks
Kruse 1993 12 -95.4 (83.7) 12 -85 (47.3) — 4+ 11.36% -10.4[-64.8,44]
Nakaya 1995 11 64.1(292.5) 11 19.7 (149.4) 4 b ; 0.89% 44.4[-149.7,238.5]
Scharnagl 2006 109 -52.2(75.1) 120 -43.7 (75.9) —.’— 87.74% -8.5[-28.08,11.08]
Subtotal *** 132 143 ‘ 100% -8.24[-26.58,10.09]
Heterogeneity: Tau?=0; Chi?=0.29, df=2(P=0.87); 1>=0%
Test for overall effect: Z=0.88(P=0.38)
1.14.2 Follow-up 8 weeks
Kim 2013 61 -27 (61) 62 -22 (74) —— 40.02% -5[-28.95,18.95]
Scharnagl 2006 109 -51.1(75) 120 -36.4 (75.9) —— 59.98% -14.7[-34.26,4.86]
Subtotal *** 170 182 - 100% -10.82[-25.97,4.33]
Heterogeneity: Tau?=0; Chi*=0.38, df=1(P=0.54); 1>=0%
Test for overall effect: Z=1.4(P=0.16)

‘100 —5;0 0 50 106

Favours morning-dose

Favours evening-dose

Analysis 1.15. Comparison 1 Lipids (mg/dL), Outcome 15 Triglycerides

(mg/dL). Sensitivity analysis: statistical model (random-effects).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Kim 2013 61 -27 (61) 62 -22 (74) —— 29.86% -5[-28.95,18.95]
Kruse 1993 12 -95.4 (83.7) 12 -85 (47.3) — 5.79% -10.4[-64.8,44]
Nakaya 1995 11 64.1(292.5) 11 19.7(149.4) 4 + D 045% 44.4[-149.7,238.5]
Saito 1991 61 -16.3(89.4) 51 -14(72.1) — 19.14% -2.3[-32.21,27.61]
Scharnagl 2006 109 -51.1(75) 120 -36.4 (75.9) —i— 44.76% -14.7[-34.26,4.86]
Total *** 254 256 - 100% -8.91[-22,4.17]

‘100 -5‘0 0 56 10(;

Favours morning-dose

Favours evening-dose
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Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Heterogeneity: Tau?=0; Chi?=0.92, df=4(P=0.92); 1>=0%
Test for overall effect: Z=1.33(P=0.18)
Favours morning-dose  -100 -50 0 50 100 Favours evening-dose

Analysis 1.16. Comparison 1 Lipids (mg/dL), Outcome 16 Triglycerides
(mg/dL). Sensitivity analysis: missing data (without Saito 1991).

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Kim 2013 61 27 (61) 62 22 (74) —a 36.93% -5[-28.95,18.95]
Kruse 1993 12 -95.4(83.7) 12 -85 (47.3) _— 7.16% -10.4[-64.8,44]
Nakaya 1995 11 64.1(292.5) 11 19.7(149.4) 4 + D 0.56% 44.4-149.7,238.5]
Scharnagl 2006 109 -51.1(75) 120 -36.4(75.9) — 55.35% -14.7[-34.26,4.86]
Total *** 193 205 - 100% -10.48[-25.03,4.08]
Heterogeneity: Tau?=0; Chi*=0.69, df=3(P=0.88); 1>=0%
Test for overall effect: Z=1.41(P=0.16)
Favours morning-dose ~ -100 -50 0 50 100 Favours evening-dose
Comparison 2. Adverse events
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 At least one adverse event 5 556 Odds Ratio (M-H, Fixed, 95% 0.71[0.44, 1.15]

cl
2 At least one serious adverse event 3 418 Odds Ratio (M-H, Fixed, 95% 0.21[0.01, 4.43]

cl
3 Myopathy or myotoxicity 3 206 0dds Ratio (M-H, Fixed, 95% 0.33[0.03, 3.28]

Cl)
4 Liver dysfunction 5 551 Odds Ratio (M-H, Fixed, 95% 1.42[0.27,7.44]

Cl)
5 Gastrointestinal symptoms 4 504 Odds Ratio (M-H, Fixed, 95% 1.17[0.46, 3.00]

Cl)
6 Sensitivity analysis: at leastonead- 5 556 Risk Ratio (M-H, Fixed, 95% 0.78 [0.55, 1.11]
verse event Cl)
7 Sensitivity analysis: at least one se- 3 418 Risk Ratio (M-H, Fixed, 95% 0.21[0.01, 4.41]
rious adverse event Cl)
8 Sensitivity analysis. Myopathy or 3 206 Risk Ratio (M-H, Fixed, 95% 0.34[0.04, 3.16]

myotoxicity

Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
9 Sensitivity analysis. Liver disfunc- 5 551 Risk Ratio (M-H, Fixed, 95% 1.40[0.28,7.15]
tion Cl)
10 Sensitivity analysis. Gastrointesti- 4 504 Risk Ratio (M-H, Fixed, 95% 1.16 [0.47,2.87]

nal symptoms

Cl)

Analysis 2.1. Comparison 2 Adverse events, Outcome 1 At least one adverse event.

Study or subgroup Morning-dose Evening-dose 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 5/64 4/68 —_— 9.05% 1.36[0.35,5.29]
Nakaya 1995 1/11 3/11 —_— 6.91% 0.27[0.02,3.08]
Saito 1991 2/61 3/55 e e — 7.73% 0.59[0.09,3.65]
Scharnagl 2006 31/113 43/121 -.'~' 76.31% 0.69[0.39,1.2]
Tharavanij 2010 0/25 0/27 Not estimable
Total (95% CI) 274 282 2 100% 0.71[0.44,1.15]
Total events: 39 (Morning-dose), 53 (Evening-dose)
Heterogeneity: Tau?=0; Chi*=1.54, df=3(P=0.67); 1>=0%
Test for overall effect: Z=1.39(P=0.16)

6,01 011 1 1‘0 :

Favours morning-dose

100 Favours evening-dose

Analysis 2.2. Comparison 2 Adverse events, Outcome 2 At least one serious adverse event.

Study or subgroup Morning-dose Evening-dose 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 0/64 0/68 Not estimable
Scharnagl 2006 0/113 2/121 . 100% 0.21[0.01,4.43]
Tharavanij 2010 0/25 0/27 Not estimable
Total (95% CI) 202 216 e — 100% 0.21[0.01,4.43]
Total events: 0 (Morning-dose), 2 (Evening-dose)
Heterogeneity: Not applicable
Test for overall effect: Z=1(P=0.32)

6.01 011 1 1‘0 :

Favours morning-dose

100 Favours evening-dose

Analysis 2.3. Comparison 2 Adverse events, Outcome 3 Myopathy or myotoxicity.

Study or subgroup Morning-dose Evening-dose 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 0/64 1/68 L 50.11% 0.35[0.01,8.72]
Nakaya 1995 0/11 1/11 L 49.89% 0.3[0.01,8.32]
Tharavanij 2010 0/25 0/27 Not estimable
6.01 o‘.1 1 1‘0 :

Favours morning-dose

100 Favours evening-dose
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Study or subgroup Morning-dose Evening-dose 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Total (95% CI) 100 106 Q— 100% 0.33[0.03,3.28]
Total events: 0 (Morning-dose), 2 (Evening-dose) ‘
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.95); 1>=0% ‘
Test for overall effect: Z=0.95(P=0.34) ‘
1

10 100 Favours evening-dose

Favours morning-dose ~ 0.01 0.1

Analysis 2.4. Comparison 2 Adverse events, Outcome 4 Liver dysfunction.

Study or subgroup Morning-dose Evening-dose 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 0/64 0/68 Not estimable
Nakaya 1995 1/11 0/11 * 18.44% 3.29[0.12,89.81]
Saito 1991 1/61 0/55 * 21.61% 2.75[0.11,68.97]
Scharnagl 2006 0/109 1/120 B 59.95% 0.36[0.01,9.02]
Tharavanij 2010 0/25 0/27 Not estimable
Total (95% Cl) 270 281 el 100% 1.42[0.27,7.44]
Total events: 2 (Morning-dose), 1 (Evening-dose)
Heterogeneity: Tau?=0; Chi?*=1.1, df=2(P=0.58); 1>=0%
Test for overall effect: Z=0.41(P=0.68)

Favours morning-dose ~ 0-01 0.1 1 10 100 Favours evening-dose

Analysis 2.5. Comparison 2 Adverse events, Outcome 5 Gastrointestinal symptoms.

Study or subgroup Morning-dose Evening-dose 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 5/64 2/68 —T 22.29% 2.8[0.52,14.96]
Nakaya 1995 0/11 1/11 + 17.92% 0.3[0.01,8.32]
Saito 1991 1/61 1/55 + 12.9% 0.9[0.05,14.74]
Scharnagl 2006 3/113 4/121 —— 46.89% 0.8[0.17,3.65]
Total (95% CI) 249 255 e 100% 1.17[0.46,3]
Total events: 9 (Morning-dose), 8 (Evening-dose)
Heterogeneity: Tau?=0; Chi*=1.95, df=3(P=0.58); 1>=0%
Test for overall effect: Z=0.32(P=0.75)

Favours morning-dose  0-01 0.1 1 10 100 Favours evening-dose

Analysis 2.6. Comparison 2 Adverse events, Outcome 6 Sensitivity analysis: at least one adverse event.

Study or subgroup Morning-dose Evening-dose Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 5/64 4/68 —_— 7.52% 1.33[0.37,4.73]
Nakaya 1995 1/11 3/11 —_— T 5.82% 0.33[0.04,2.73]
Saito 1991 2/61 3/55 — 6.12% 0.6[0.1,3.46]
Favours morning-dose ~ 0.01 0.1 1 10 100 Favours evening-dose
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Study or subgroup Morning-dose Evening-dose Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Scharnagl 2006 31/113 43/121 80.54% 0.77[0.53,1.13]
Tharavanij 2010 0/25 0/27 Not estimable
Total (95% CI) 274 282 <& 100% 0.78[0.55,1.11]

Total events: 39 (Morning-dose), 53 (Evening-dose)
Heterogeneity: Tau?=0; Chi*=1.39, df=3(P=0.71); 1>=0%
Test for overall effect: Z=1.39(P=0.17)

Favours morning-dose

0.01

0.1

10 100 Favours evening-dose

Analysis 2.7. Comparison 2 Adverse events, Outcome 7 Sensitivity analysis: at least one serious adverse event.

Study or subgroup Morning-dose Evening-dose Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 0/64 0/68 Not estimable
Scharnagl 2006 0/113 2/121 . 100% 0.21[0.01,4.41]
Tharavanij 2010 0/25 0/27 Not estimable
Total (95% CI) 202 216 e — 100% 0.21[0.01,4.41]
Total events: 0 (Morning-dose), 2 (Evening-dose)
Heterogeneity: Not applicable
Test for overall effect: Z=1(P=0.32)
6.01 011 1 1‘0 10(;

Favours morning-dose

Favours evening-dose

Analysis 2.8. Comparison 2 Adverse events, Outcome 8 Sensitivity analysis. Myopathy or myotoxicity.
Study or subgroup Morning-dose Evening-dose Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 0/64 1/68 = 49.24% 0.35[0.01,8.53]
Nakaya 1995 0/11 111 | 50.76% 0.33[0.02,7.39]
Tharavanij 2010 0/25 0/27 Not estimable
Total (95% CI) 100 106 e 100% 0.34[0.04,3.16]

Total events: 0 (Morning-dose), 2 (Evening-dose)
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.98); 1>=0%
Test for overall effect: Z=0.94(P=0.35)

Favours morning-dose

0.01

0.1

10 100 Favours evening-dose

Analysis 2.9. Comparison 2 Adverse events, Outcome 9 Sensitivity analysis. Liver disfunction.

Study or subgroup Morning-dose Evening-dose Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 0/64 0/68 Not estimable
Nakaya 1995 1/11 0/11 - 20.37% 3[0.14,66.53]
Saito 1991 1/61 0/55 - 21.41% 2.71[0.11,65.17]

Favours morning-dose

0.01

0.1

10 100 Favours evening-dose
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Study or subgroup Morning-dose Evening-dose Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Scharnagl 2006 0/109 1/120 1l 58.21% 0.37[0.02,8.91]
Tharavanij 2010 0/25 0/27 Not estimable
Total (95% Cl) 270 281 —i—— 100% 1.4[0.28,7.15]

Total events: 2 (Morning-dose), 1 (Evening-dose)
Heterogeneity: Tau?=0; Chi*=1.08, df=2(P=0.58); 1>=0%
Test for overall effect: Z=0.41(P=0.68)

Favours morning-dose ~ 0.01 0.1 1 10 100 Favours evening-dose

Analysis 2.10. Comparison 2 Adverse events, Outcome 10 Sensitivity analysis. Gastrointestinal symptoms.

Study or subgroup Morning-dose Evening-dose Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2013 5/64 2/68 —_— 23.21% 2.66[0.53,13.21]
Nakaya 1995 0/11 1/11 * 17.95% 0.33[0.02,7.39]
Saito 1991 1/61 1/55 4 12.59% 0.9[0.06,14.07]
Scharnagl 2006 3/113 4/121 —— 46.24% 0.8[0.18,3.51]
Total (95% CI) 249 255 P 100% 1.16[0.47,2.87]
Total events: 9 (Morning-dose), 8 (Evening-dose)
Heterogeneity: Tau?=0; Chi*=1.92, df=3(P=0.59); 1>=0%
Test for overall effect: Z=0.32(P=0.75)

Favours morning-dose  0-01 0.1 1 10 100 Favours evening-dose

Comparison 3. Compliance with treatment

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Time compliance 1 24 Mean Difference (IV, Fixed, 95% Cl) 4.60 [-16.05, 25.25]

Analysis 3.1. Comparison 3 Compliance with treatment, Outcome 1 Time compliance.

Study or subgroup Morning-dose Evening-dose Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl

Kruse 1993 12 66.8(263) 12 622(253) = 100% 4.6[-16.05,25.25]
Total *** 12 12 * 100% 4.6[-16.05,25.25]
Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.44(P=0.66) ‘

Favours morning-dose ~ -100 -50 0 50 100 Favours evening-dose
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APPENDICES

Appendix 1. Glossary

Available case analysis

Analysis that includes data on only those whose results are known, using as a denominator the
total number of people who had data recorded for the particular outcome in question (Higgins
2011c).

Funnel plot

Simple scatter plot of the intervention effect estimates from individual studies against some mea-
sure of each study’s size or precision (Sterne 2011).

Intention-to-treat analysis

Analysis that fulfils the next principles: 1) keeps participants in the intervention groups to which
they were randomised, regardless of the intervention they actually received; 2) there is a measure-
ment of outcome data on all participants; and 3) includes all randomised participants in the analy-
sis (Higgins 2011c).

Quasi-randomised con-
trolled clinical trial (Q-RCT)

Type of study where the participants (or groups of participants) are assigned prospectively to an in-
tervention or to a control group (or more) using a process that attempts but does not achieve true
randomisation (for example, alternation of allocation, birth dates or week days).

Small-study effects

Atendency for estimates of the intervention effect to be more beneficial in smaller studies (Sterne
2011).

Appendix 2. Search strategies

The reference for the Cochrane precision-maximising RCT filter used for MEDLINE and terms as suggested to be used as RCT filter for

Embase is: Lefebvre 2011

CENTRAL

#1 MeSH descriptor Hyperlipidemias explode all trees

#2 MeSH descriptor Dyslipidemias, this term only

#3 MeSH descriptor Cholesterol, this term only

#4 MeSH descriptor Cholesterol, HDL, this term only

#5 MeSH descriptor Cholesterol, LDL, this term only

#6 (hyperlipid?emia*)

#7 (cholesterol*)

#8 (cholesteryl)

#9 (lip?emia*)

#10 (hypercholesterol?emia*)
#11 (hypercholester?emia*)
#12 (hyperlip?emia*)

#13 (triglycerid*)

#14 (hypertriglycerid?emia*)
#15 (dyslipid?emia*)

#16 (lipoprotein®)
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#17 (dyslipidprotein?emia*)

#18 hyperlipoprotein?emia*
#19 (LDL)

#20 (HDL)

#21 (lipid* near/2 low*)

#22 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
OR #20 OR #21)

#23 MeSH descriptor Chronotherapy explode all trees
#24 MeSH descriptor Circadian Rhythm explode all trees
#25 MeSH descriptor Drug Administration Schedule, this term only
#26 (chronotherap®)

#27 (chronomod?*)

#28 (chronopharm*)

#29 (circadian)

#30 (morning):ti or (morning):ab

#31 (afternoon):ti or (afternoon):ab

#32 (evening):ti or (evening):ab

#33 (night):ti or (night):ab

#34 (time related)

#35 ((drug )near/6 (time* or rhythm*))

#36 ((medicat*) near/6 (time* or rhythm*))

#37 (#23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36)
#38 (#22 AND #37)

MEDLINE Ovid

1 exp Hyperlipidemias/

2 Dyslipidemias/

3 Cholesterol/

4 Cholesterol, HDL/

5 Cholesterol, LDL/

6 hyperlipid?emia*.tw.

7 cholesterol™.tw.

8 cholesteryl.tw.

9 lip?emia*.tw.

10 hypercholesterol?emia*.tw.

11 hypercholester?emia*.tw.
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12 hyperlip?emia*.tw.

13 triglycerid™.tw.

14 hypertriglycerid?emia*.tw.

15 dyslipid?emia*.tw.

16 lipoprotein™.tw.

17 dyslipidprotein?emia*.tw.

18 hyperlipoprotein?emia*.tw.

19 LDL.tw.

20 HDL.tw.

21 (lipid* adj2 low*).tw.

22 or/1-21

23 exp Chronotherapy/

24 exp Circadian Rhythm/

25 Drug Administration Schedule/
26 chronotherap*.tw.

27 chronomod*.tw.

28 chronopharm™*.tw.

29 circadian.tw.

30 morning.ti,ab.

31 afternoon.ti,ab.

32 evening.ti,ab.

33 night.ti,ab.

34 time related.tw.

35 ((drug or medicat*) adj6 (time* or rhythm*)).tw.
36 0r/23-35

3722and 36

38 randomized controlled trial.pt.
39 controlled clinical trial.pt.

40 randomized.ab.

41 placebo.ab.

42 clinical trials as TS.sh.

43 randomly.ab.

44 trial.ti.

4538 0r390r40or4lor42or43or44

46 exp animals/ not humans.sh.
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4745 not 46

48 37 and 47

Embase Ovid

1 exp Hyperlipidemias/

2 Dyslipidemias/

3 Cholesterol/

4 Cholesterol, HDL/

5 Cholesterol, LDL/

6 hyperlipid?emia*.tw.

7 cholesterol*.tw.

8 cholesteryl.tw.

9 lip?emia*.tw.

10 hypercholesterol?emia*.tw.
11 hypercholester?emia*.tw.
12 hyperlip?emia*.tw.

13 triglycerid™.tw.

14 hypertriglycerid?emia*.tw.
15 dyslipid?emia*.tw.

16 lipoprotein®.tw.

17 dyslipidprotein?emia*.tw.
18 hyperlipoprotein?emia*.tw.
19 LDL.tw.

20 HDL.tw.

21 (lipid* adj2 low*).tw.

22 or/1-21

23 exp Chronotherapy/

24 exp Circadian Rhythm/

25 Drug Administration Schedule/
26 chronotherap*.tw.

27 chronomod*.tw.

28 chronopharm™*.tw.

29 circadian.tw.

30 morning.ti,ab.

31 afternoon.ti,ab.

32 evening.ti,ab.
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33 night.ti,ab.

34 time related.tw.

35 ((drug or medicat*) adj6 (time* or rhythm*)).tw.
36 0or/23-35

3722and 36

38 randomS.tw.

39 factorial$.tw.

40 crossoversS.tw.

41 cross overS.tw.

42 cross-overS.tw.

43 placebo$.tw.

44 (doubl$ adj blind$).tw.

45 (singl$ adj blind$).tw.

46 assign$.tw.

47 allocat$.tw.

48 volunteerS$.tw.

49 crossover procedure/

50 double blind procedure/

51 randomized controlled trial/

52 single blind procedure/

5338 0r39%90r40or4lor42or43or44or45or46or47or48or49or50or51or52
54 (animal/ or nonhuman/) not human/
5553 not 54

56 37 and 55

LILACS

(MH:Hyperlipidemias OR MH:Dyslipidemias OR MH:Cholesterol OR MH:"Cholesterol, HDL" OR MH:"Cholesterol, LDL" OR TW:hyperlipid?
emia® OR TW:cholesterol* OR TW:cholesteryl OR TW:lip?emia* OR TW:hyperocholesterol?emia* OR TW:hypercholester?emia* OR
TW:hyperlip?emia* OR TW:triglycerid* OR TW:hypertriglycerid?emia* OR TW:dyslipid?emia* OR TW:lipoprotein* OR TW:dyslipidprotein?
emia* OR TW:hyperlipoprotein?emia* OR TW:LDL OR TW:HDL OR TW:(LIPID* ADJ2 LOW*))AND (MH:Chronotherapy OR MH:"Circadian
Rhythm" OR MH:"Drug Administration Schedule" OR TW:chronotherap* OR TW:chronomod* OR TW:chronopharm* OR TW:circadian OR
TI:morning OR Tl:afternoon OR AB:morning OR AB:afternoon OR Tl:evening OR Tl:night OR AB:evening OR AB:night OR TW:"time related"
OR TW:((drug OR medicat*) ADJ6 (time* OR rhythm*)))

Science Citation Index Expanded (SCI-EXP) and Conference Proceedings Citation Index - Science (CPCI-S) on Web of Science
(Thomson Reuters)

#31 #30 AND #29
#30 TS=((random* or blind* or allocat* or assign* or trial* or placebo* or crossover* or cross-over*))
#29 #28 AND #17

#28 #27 OR#26 OR #25 OR #24 OR #23 OR #22 OR #21 OR #20 OR #19 OR #18
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#27 TS=(((drug or medicat*) near/6 (time* or rhythm*)))

#26 TS=("time related")

#25 TS=(night)

# 24 TS=(evening)

# 23 TS=(afternoon)

#22 TS=(morning)

# 21 TS=(circadian)

# 20 TS=(chronopharm*)

# 19 TS=(chronomod?)

# 18 TS=(chronotherap*)

#17 #16 OR#15 OR#14 OR#13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1
# 16 TS=(lipid* near/2 low™*)

#15 TS=(HDL)

#14 TS=(LDL)

# 13 TS=(hyperlipoprotein?emia*)
#12 TS=(dyslipidprotein?emia*)
# 11 TS=(lipoprotein*)

# 10 TS=(dyslipid?emia*)

#9 TS=(hypertriglycerid?emia*)

# 8 TS=(triglycerid*)

#7 TS=(hyperlip?emia*)

# 6 TS=(hypercholester?emia*)

# 5 TS=(hypercholesterol?emia*)
#4TS=(lip?emia*)

# 3 TS=(cholesteryl)

# 2 TS=(cholesterol*)

# 1 TS=(hyperlipid?emia*)
ProQuest Health & Medical Complete

(MESH.EXACT.EXPLODE("Hyperlipidemias") OR MESH.EXACT("Dyslipidemias") OR MESH.EXACT("Cholesterol") OR
MESH.EXACT("Cholesterol, HDL") OR MESH.EXACT("Cholesterol, LDL") OR ft("hyperlipid?emia*" OR "cholesterol*" OR "cholesteryl" OR
"lip?emia*" OR "hyperocholesterol?emia*" OR "hypercholester?emia*" OR "hyperlip?emia*" OR "triglycerid*" OR "hypertriglycerid?
emia*" OR "dyslipid?emia*" OR "lipoprotein*" OR "dyslipidprotein?emia*" OR "hyperlipoprotein?emia*" OR "LDL" OR "HDL" OR ("LIPID*"
ADJ2 "LOW*"))) AND (MESH.EXACT.EXPLODE("Chronotherapy") OR MESH.EXACT.EXPLODE("Circadian Rhythm") OR MESH.EXACT("Drug
Administration Schedule") OR ft("chronotherap*" OR "chronomod*" OR "chronopharm*" OR 'circadian") OR ti(("morning" OR
"afternoon")) OR ab(("morning" OR "afternoon")) OR ti(("evening" OR "night")) OR ab(("evening" OR "night")) OR ft("time related")
OR ft(("drug" OR "medicat*") ADJ6 ("time*" OR "rhythm*"))) AND (ft("randomized controlled trial") OR ft("controlled clinical
trial") OR ab("randomized") OR ab("placebo") OR ("drug therapy") OR ab("randomly") OR ab("trial") OR ab("groups")) NOT
(MESH.EXACT.EXPLODE("Animals") NOT mesh("humans"))

www.clinicalstudyresults.org
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Generic Name : Atorvastatin, lovastatin, pravastatin sodium, fluvastatin, simvastatin, rosuvastatin, pitavastatin.

Study Name: Chronotherapy, chronotherapeutic, chronomodulated, chronopharmacology, circadian, afternoon, Chronobiology, Morning,
Awakening, Evening, Night.

Clinicaltrials.gov
1)Conditions: Chronobiology disorders.

2) (Interventions: Hydroxymethylglutaryl-CoA Reductase Inhibitors) AND (Free text search: Chronobiology or awakening or chronotherapy
or chronotherapeutic or chronomodulated or chronopharmacology or afternoon or Morning or evening or night or circadian ).

3) (Conditions: Hyperlipidemias) AND (Free text search: Chronobiology or awakening or chronotherapy or chronotherapeutic or
chronomodulated or chronopharmacology or afternoon or Morning or evening or night or circadian).

The ISRCTN registry (www.controlled-trials.com/)

Free text search:

1) Chronotherapy

2) Chronotherapeutic, chronomodulated, chronobiology, chronopharmacology, Circadian
3) Statins and morning.

4) Statins and afternoon, statins and night, statins and awakening

5) Statins and evening

6) Statins and time

International Clinical Trials Registry Platform (ICTRP) www.who.int/trialsearch

Contained in the title: Chronobiology, chronopharmacology or chronomodulated or Chronotherap* or Circadian or Evening or Morning or
Afternoon or Night or Awakening

Opengrey

(Chronotherapy OR Circadian OR Drug Administration Schedule OR chronomodulated OR chronopharmacology OR Circadian rhythm)
AND (Hyperlipidemia OR Dyslipidemia OR Cholesterol OR+HDL OR LDL OR OR lipemia OR hypercholesteremia OR triglyceridenmia OR
hypertriglyceridemia OR dyslipidemia OR lipoprotein OR dyslipidproteinemia OR hyperlipoproteinemia)
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Types of outcomes measures

We stated in protocol that we would group outcome data into those measured at six months, at one year, at two years, and at more than
two years. This was not possible because the trials we have included were no longer than 14 weeks.

Search methods

We stated in the protocol that we planned to search the ProQuest Dissertations & Theses Database. Instead, we focused our search
in ProQuest in a subject area: ProQuest Health & Medical Complete. We did not contact pharmaceutical companies to identify further
uncompleted or unpublished studies due to operational time restraints.

Data extraction and risk of bias assessment

We planned to obtain additional information when necessary by contacting the authors. Given that most of the trials had been published
in the beginning of the 20th century we did not try to contact them.

Dealing with missing data

The protocol stated that if SDs in changes of lipid levels from the baseline were unknown for more than 50% of the studies, we would not
impute them and we would not include these studies in the meta-analysis. However, only one trial provided data on the SD and it was
imputed for the rest of the studies.

Subgroup analysis

There were insufficient studies in each comparison to perform the subgroup analysis planned in the protocol. We decided during the
process of the review to include a subgroup analysis based on the different follow-up of the studies. We will undertake planned subgroup
analysis in future updates when possible.

Sensitivity analysis

We were unable to explore the robustness of the results by performing a sensitivity analysis on the basis of risk of bias because none of
theincluded studies were rated as ‘low risk of bias’ We did not include any unpublished data or very large studies in the analyses, so these
sensitivity analyses were not possible, either. We also did not perform the planned sensitivity analysis based on assumptions taken in the
‘available case analysis’ due to the small number of studies included. In future updates, we will try to perform these sensitivity analyses
as planned in protocol when possible.
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INDEX TERMS

Medical Subject Headings (MeSH)

*Drug Chronotherapy; Anticholesteremic Agents [*administration & dosage] [adverse effects]; Fatty Acids, Monounsaturated
[administration & dosage]; Fluvastatin; Hyperlipidemias [*drug therapy]; Indoles [administration & dosage]; Lovastatin

[administration & dosage]; Pravastatin [administration & dosage]; Randomized Controlled Trials as Topic; Simvastatin [administration
& dosage]

MeSH check words

Humans
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