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Statins and mortality: the untold story
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Statins are first-line evidence-based drugs for the management of dyslipidaemias and to reduce the risk of cardiovascular events.
However, statin clinical trials have shownmarginally significant benefits on mortality, especially in the primary prevention setting.
A major limitation of those trials is their relatively short follow-up. A reduced number of fatal events within a 5-year follow-upmake
mortality benefits unlikely to arise. This is particularly relevant for the primary prevention trials, where the risk of cardiovascular
death is low. The short follow-up is a limitation for safety assessments too. However, extended major statin trials failed to detect
any major safety concerns. Safety and efficacy assessments are even more complicated considering the differences of
cardiovascular risk status in primary prevention individuals, and also given some potential ethnic and inter-individual genetic
variations in response to statin treatment. Considerable evidence suggests a favourable risk–benefit balance for statin treatment. It
can be assumed that statins reduce mortality in the long term by preventing cardiovascular events with complications that reduce
lifespan. Unfortunately, this hypothesis cannot be proven as there is no current ethical basis on designing long-term placebo-
controlled statin trials. Nevertheless, by effectively reducing disabilities related to cardiovascular events, statins have major
benefits for public health. Therefore, clinicians should not withhold statin treatment awaiting proof of mortality benefits, as this
may remain an ‘untold story’.

Tables of Links

TARGETS

Enzymes [2]

Hydroxymethylglutaryl-CoA reductase

Proprotein convertase subtilisin/kexin type 9

LIGANDS

Alirocumab Mevastatin

Evolocumab Pitavastatin

Fluvastatin Pravastatin

Lovastatin Simvastatin

These Tables list key protein targets and ligands in this article which are hyperlinked to corresponding entries in http://www.guidetopharmacology.org,
the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [1], and are permanently archived in the Concise Guide to
PHARMACOLOGY 2015/16 [2].

In a recent issue of the British Journal of Clinical Pharma-
cology, Warren et al. assessed the effect of statin treatment on
mortality in clinical trials [3]. Some comments may be of
interest.

Statins are first-line evidence-based drugs for the
management of dyslipidaemias and to reduce the risk of
cardiovascular (CV) events [4]. There seems to be a linear
association between this benefit and low density lipoprotein
cholesterol (LDL-C) reduction [5]. The latter is the predominant
lipid profile modification to prevent CV outcomes. Recent

studies using proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors suggested that CV benefits extend to very
low post-treatment LDL-C levels, not previously encountered
in statin trials [6, 7]. Moroever, safety concerns associated with
aggressive LDL-C reduction (e.g. the risk of haemorrhagic
stroke) have not been confirmed by meta-analyses [8].

Statin-related CV risk reduction might not be explained
by LDL-C lowering only [9]. In this context, statins were sug-
gested to exert various anti-atherogenic pleiotropic actions
[10]. It is still debated whether these properties are simply
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explained by cholesterol lowering or not. A proposed
explanations is the inhibition of the synthesis of mevalonate
products (i.e. isoprenoids), which regulate various cellular
functions [10]. The latter was suggested to mediate several
dose-dependent adverse effects too [11].

Despite the significantly decreased risk of CV events with
statins, benefits on mortality in clinical trials were marginally
significant, particularly in the primary prevention setting [3].
However, most trials were underpowered to show such an
effect, and insufficient data should be interpreted with caution.

A major limitation of these trials is their relatively short
follow-up. Hypercholesterolaemia, like other vascular risk
factors, has a long natural history, and, unlike other diseases
(e.g. cancer), is not always lethal. Specifically, the predicted
10-year CV mortality is <1% and 1–5% in low and moderate
CV risk individuals respectively [12]. Therefore, within a 5-
year primary prevention trial, CV mortality is expected to be
<5%. In contrast, more CV deaths are anticipated in second-
ary prevention trials in which the 10-year CV mortality of
participants is ≥10%. Namely, in the West of Scotland
Coronary Prevention Study Group (WOSCOPS) total
mortality rates were 3.2% vs. 4.1% in the pravastatin vs.
placebo group respectively after 4.9 years (average) [13].
These rates were higher in the Heart Protection Study (HPS)
within a similar follow-up: 12.9% vs. 14.7% in the simva-
statin vs. placebo group [14].

Such increased mortality rates make secondary preven-
tion statin trials more powered to identify significant mortal-
ity benefits than the primary prevention ones within a
limited timeframe. In the latter studies the survival curves
of the statin-treated and the placebo group might well
become distant later in the course of treatment with an
increasing number of fatal events. This assumption is not
unreasonable considering statin-related reductions in non-fa-
tal CV events with complications (e.g. heart failure) that limit
lifespan. Unfortunately, no long-term placebo-controlled
primary prevention statin trials are available, nor is there a
current ethical basis for designing one.

An important issue addressed by Warren et al. is that
primary prevention trials did not recruit only low-risk
participants [3]. Namely, among the Justification for the Use
of Statins in Prevention: an Intervention Trial Evaluating
Rosuvastatin (JUPITER) participants, 41.2% and 8.1% had a
Framingham risk score of 11–20% and >20% respectively
[15]. It was estimated that absolute CV risk reduction was
greater in those with a Framingham score of greater than
rather than less than 10% [16]. Such an increased prevalence
of ‘non-low’ CV risk in JUPITER might explain significant
rosuvastatin benefits on mortality in only 1.9 years [17].

Nevertheless, the recent Heart Outcomes Prevention Eval-
uation (HOPE)-3 study including 12 705 moderate-to-risk in-
dividuals failed to show any significant mortality reduction
of rosuvastatin compared with placebo after 5.6 years (mean)
[17]. However, a smaller LDL-C reduction was noted in this
study in line with the lower rosuvastatin dose used. Also,
the ethnic background of the HOPE-3 population was
diverse, with approximately 80% of participants being of
non-white ancestry in contrast to the JUPITER study [17].
This raises the question whether ethnic differences impact
statin effects on mortality. This issue needs to be addressed
on a prospective basis. Another interesting concept is that,

apart from the ethnic diversity, there might be inter-individ-
ual genetic variations associated with the LDL-C lowering
efficacy of statin treatment [17]. Such genetic diversity might
also apply to the efficacy of statins to prevent CV events and
reduce mortality [17, 18].

It should be acknowledged that the short follow-up is a
limitation for safety assessments too. Apparently, non-CV
fatal events may fail to emerge in a 5-year-long study. To ad-
dress this issue there have been follow-up studies of several
major trials in which statins were offered to all living
participants for a follow-up phase of >6 years (up to 14.7
years) [19–24]. A meta-analysis of such studies included
47 296 patients of the primary and secondary prevention. In
this analysis, no significant differences in non-CV mortality
or cancer incidence between the statin-treated and the pla-
cebo group were noted, suggesting no major safety concerns
in the long term [19].

However, a major limitation of these studies for both
safety and efficacy assessments is that in their follow-up
phase the proportions of patients on statins within the
original in-trial groups were similar. Besides, this proportion
was variable in different studies ranging from up to >80% in
the Scandinavian Simvastatin Survival Study (4S), Long-Term
Intervention with Pravastatin in Ischaemic Disease (LIPID)
and Assessment of LEscol in Renal Transplantation (ALERT)
studies, down to approximately 37% in theWOSCOPS. These
factors reduce the possibility of demonstrating an ongoing
benefit onmortality with respect to the original group assign-
ment [19]. Relevant benefits could be shown by studies
prospectively including patients on either statins or placebo
for a long follow-up (e.g. >6 years). However, considering
the well-established efficacy of statins to reduce outcomes,
there is no current ethical basis on designing such studies.
At least, this extension of the major statin trials showed that
the differences in mortality between statin treatment and
placebo were grossly attributed to the differences observed
during the in-trial phase, suggesting a sustained statin benefit
on mortality in the long term [19].

It has been largely shown that the risk–benefit balance is in
favour of statin treatment [18]. A population-based study in-
cluded >2 million primary care individuals in England and
Wales [25]. Among high-risk individuals, the 5-year Numbers
Needed to Treat (NNT) for CV events were significantly lower
than the Numbers Needed to Harm (NNH) for a number of ad-
verse effects [25]. Regarding organ-specific effects, statins
might be protective rather than deleterious, especially for the
kidneys and the liver [18, 26, 27]. Interestingly, statin treat-
ment may result in even better CV outcomes in individuals
with established chronic kidney disease or fatty liver [28,
29]. However, it should be acknowledged that there are dis-
crepancies in the safety assessments between observational
studies and randomized controlled studies, reflecting the dif-
ferences between real life and clinical trials [30]. Namely, the
latter tend to exclude individuals at risk for side effects, thus
not entirely mirroring the population treated in everyday
clinical practice.

In the end, not only a longer, but also a better life matters.
Preventing strokes, myocardial infarctions, peripheral vascu-
lar disease and their accompanying disabilities is important
in this regard, and statins can definitely ‘do the job’. The
existing data firmly support the efficacy and
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cost-effectiveness of these drugs and there is no convincing
evidence of major safety concerns. Profound effects of statins
on mortality will remain an untold story. However, consider-
ing statin benefits on public health, it is not prudent for
clinicians to withhold treatment, especially in high-risk
populations. Meanwhile, several other widely prescribed
drug classes have debated effects on mortality (e.g. anti-dia-
betic drugs), and non-steroidal anti-inflammatory drugs are
sold over the counter.
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