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So low. . . so far so good: neurocognitive impact

of lowering LDL-C levels with PCSK9 inhibitors
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This editorial refers to ‘No evidence of neurocognitive

adverse events associated with alirocumab treatment in

3340 patients from 14 randomized Phase 2 and 3 controlled

trials: meta-analysis of individual patient data’†, by

P.D. Harvey et al., on page 374.

In their meta-analysis in this issue of the journal, Harvey et al. report
the safety of proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibition with alirocumab with respect to neurocognitive events
based on the pooling of individual participant data from 10 clinical tri-
als and a follow-up of 104 weeks.1 Outcomes of 3340 patients on
maximally tolerated statin treatment receiving 75 or 150 mg of aliro-
cumab every 2 weeks were compared with those of 1276 patients
receiving placebo and 618 patients with add-on ezetimibe.
Neurocognitive treatment-emergent adverse events were reported
in 22 (0.9%) patients treated with alirocumab vs. 9 (0.7%) with pla-
cebo; results remained non-significant after pooling corresponding
trials [hazard ratio (HR) 1.24; 95% confidence interval (CI) 0.57–
2.68]. Similar results were obtained comparing alirocumab vs.
ezetimibe (1.3% vs. 1.2%; HR 0.81; 95% CI 0.32–2.08). The rates of
neurocognitive adverse events in patients treated with alirocumab
were not correlated to the level of LDL-cholesterol (LDL-C) reduc-
tion, and did not differ according to age. Therapy discontinuation due
to neurocognitive adverse events was low with alirocumab (0.1%) vs.
placebo (0.2%) and ezetimibe (0.4%). The findings of this meta-
analysis add to the evidence supporting alirocumab as safe in terms of
neurocognitive adverse events at 2-year follow-up for patients in
whom LDL-C was insufficiently controlled under maximally tolerated
statin therapy.

Evaluating the possible impact of lipid-lowering therapy and other
cardiovascular risk factors on cognitive function is key in view of the
growing ageing population and increasing prevalence of dementia.
Cognitive function is affected by several factors, such as age, race,
educational levels, literacy level, exercise and healthy lifestyles, psy-
chosocial factors, apolipoprotein E (APOE) e4 carriers, and the pres-
ence of traditional cardiovascular risk factors.2,3 Epidemiological

observational studies have suggested an association between high lev-
els of cholesterol and an increased risk of Alzheimer’s disease.4,5

However, no evidence is available to recommend lipid-lowering ther-
apy for the prevention of dementia. Two meta-analyses regrouping
57 000 and 46 000 participants each did not highlight any relevant
positive or negative effects of statin on cognitive outcomes, either for
patients with a normal cognitive function or for those with
Alzheimer’s disease.6,7 The Food and Drug Administration (FDA)
made a critical review on the safety of statin treatment based on pub-
lished literature and post-marketing surveillance data, concluding that
no correlation could be established for increased risk of dementia,
mild cognitive impairment, or changes in cognitive performances
(http://www.fda.gov/drugs/drugsafety/ucm293101.htm). An impor-
tant methodological issue is, however, the lack of a standardized defi-
nition for neurocognitive side effects, as most of the trials or
observational studies reported estimates based on self-reported neu-
rological symptoms, such as memory impairment, rather than a valid
and objective tool for testing cognitive function. In addition, the dura-
tion of studies is too short to detect any definitive decline of cognitive
function or a potential clinically relevant signal over time.8

Considering the safety of non-statin lipid-lowering therapies in rela-
tion to the very low LDL-C levels they can induce when added to sta-
tin, there are new data in favour of both ezetimibe and evolocumab.
In the IMPROVE-IT (Improved Reduction of Outcomes: Vytorin
Efficacy International Trial) trial (ezetimibe and simvastatin vs. simvas-
tatin in 18 144 patients with acute coronary syndromes), the addition
of ezetimibe was not associated with an increased risk of neurocogni-
tive adverse events, including in patients with very low LDL-C levels
(<30 mg/dL).9 In the FOURIER (Further Cardiovascular Outcomes
Research With PCSK9 Inhibition in Subjects With Elevated Risk)
study, the pre-specified secondary analysis of 25 982 patients did not
highlight any safety concerns even for very low LDL-C achieved over
a median of 2.2 years, including subjects with LDL-C values <0.2
mmol/L.10 Recently, the EBBINGHAUS (Evaluating PCSK9 Binding
Antibody Influence on Cognitive Health in high Cardiovascular Risk
Subjects) study investigated the effect of low LDL-C levels on
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..cognitive function in a sample of 1204 patients enrolled in the
FOURIER study over a median follow-up of 20 months.11 The study
used the Cambridge Neuropsychological Test Automated Battery
(CANTAB, http://www.cambridgecognition.com), a computerized
assessment tool that assesses cognitive functions in the context of
episodic and working memory, executive function, psychomotor
speed, and attention. No clinically relevant or statistically significant
changes were observed with the addition of evolocumab to statin
therapy.11 The findings from the EBBINGHAUS study lean strongly
toward supporting the safety of lowering LDL-C levels below the
current recommended target. In addition to the apparent neutral
effect of lipid-lowering therapies on cognitive function in clinical trials,
large prospective observational studies have not reported any
increased risk of Alzheimer’s disease, vascular dementia, or
Parkinson’s disease for patients with inherent low LDL-C levels
resulting from mutations on both the PCSK9 and HMGCR genes.12

Growing evidence is strongly weighing in favour of the safety of
novel lipid-lowering therapies and their combinations to achieve
LDL-C levels below the currently recommended target. The long-
term effect of lipid-lowering therapies on neurocognitive functions
must, however, continue to be monitored as the reported adverse
event rates of 0.1–1.0% are a reminder that they are not so uncom-
mon from a pharmacovigilance point of view. In particular, the occur-
rence of such adverse events in the elderly/older population could
have a strong impact on their quality of life, and also on the economic
burden of such treatments. Furthermore, from the patient’s perspec-
tive, possible treatment side effects on cognition could affect adher-
ence to therapy and autonomy. In addition, biases in the reports of
adverse events cannot be excluded, following possible ‘over-report-
ing’ of outcomes otherwise ‘under-reported’ in real life. One way to
deal with this issue could be to perform subanalyses according to
stroke status or assess the impact of a reduction of stroke events on
cognitive functions. Furthermore, subanalyses according to

educational and literacy levels, as well as lifestyle habits and control of
cardiovascular risk factors could improve our current understanding
of the specific characteristics of patients at high risk of neurocognitive
side effects.

Neurocognitive function decline is a natural process associated with
ageing; any additional positive or negative causal inference of lipid-
lowering therapies remains to be proven.8,13 In the meantime, PCSK9
therapies continue to demonstrate remarkable LDL-C-lowering
effects associated with positive clinical outcomes. While the debate for
stakeholders such as clinicians will continue to revolve around the rela-
tive safety of PCSK9 inhibitors, policy makers will need to address the
cost that such therapies could incur when accepted for reimburse-
ment. In the USA, adding this treatment to statin therapy would,
on average, incur additional treatment costs of US$337729 per
patient for one additional quality-adjusted life year; this is well
above conventional accepted cost-effectiveness standards.14 In
Switzerland, applying ESC/EAS consensus criteria to the largest high-
risk population that might benefit from PCSK9 inhibitor add-on ther-
apy, we calculated that 5–10% of post-acute coronary syndrome
patients could be eligible for treatment.15 Future perspectives should
continue to monitor the impact of PCSK9 inhibitors on neurocognitive
function, while at the same time providing more precise eligibility
criteria based on subgroup analyses in order to optimize treatment
outcomes.
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