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Fig. 4. Summary of the results of the meta-analysis on carotid intima media thickness outcome. WMD, weighted mean difference.

4. Discussion

To our knowledge, this is the first meta-analysis suggesting
that a therapeutic strategy including nicotinic-acid treatment is
associated with a significant reduction in cardiovascular events.
The current meta-analysis included 6545 patients mainly in a sec-
ondary prevention setting. Indeed, patients were either included
with a history of myocardial infarction or when they had estab-
lished or suspected coronary heart diseases (with abnormal
coronary arteries on an angiogram). Only three studies with a lim-
ited number of cardiovascular events included patients in primary
prevention [18,24,27]. Overall, a therapeutic strategy including
nicotinic-acid treatment decreased major coronary events by 25%
(p < 0.0001), stroke by 26% (p = 0.007), and all cardiovascular events
by 27% (p < 0.0001). Furthermore, we also found that, despite the
relatively low number of trials, nicotinic acid alone or in com-
bination was associated with an improvement in both coronary
atherosclerosis and CIMT changes over time. These results are in
line with the recent findings that nicotinic acid 2/day given in
patients with low HDL-C reduced carotid wall area as compared
to patients receiving placebo [25].

The average decrease observed with nicotinic acid is of the
same magnitude as the decrease observed with statins. Indeed,
in a prospective meta-analysis of data from 90,056 individuals in
14 randomized trials of statins, mean-LDL-C differences at 1 year
ranged from 0.35 mmol/L to 1.77 mmol/L (mean 1.09) [31]. There
were reductions in myocardial infarction or coronary death of 23%
(p < 0.0001). In this meta-analysis with statins, reduction in fatal
or non-fatal stroke was lower (17%, p < 0.0001) than that observed
for coronary events. Another meta-analysis showed that the reduc-
tion of LDL-C by 0.2–0.7 mmol/L during a period of 1–2 years was
associated with a 6% reduction in events [32].

Nicotinic-acid treatment impacts on several lipid and lipopro-
tein plasma concentrations [33–36]. A meta-analysis demonstrated
that nicotinic-acid treatment was associated with a 20% increase
in plasma HDL-C [32]. In parallel, LDL-C decreased by about 16%
and triglyceride by 20%. Nicotinic acid is the only drug that reduces
Lp(a) [37]. Finally, nicotinic acid has a number of pleiotropic effects,
which are important in cardiovascular prevention [38]. In our meta-
analysis it is not possible to assess the mechanisms by which this
drug prevents cardiovascular disease. Indeed, in the largest trial,
conducted between 1966 and 1975, HDL-C, LDL-C, and Lp(a) were
not measured, so we cannot analyse which biological effects were
related to cardiovascular-disease reduction. It is, however, tempt-
ing to hypothesize that increasing HDL-C and decreasing Lp(a)
might have played a role. Indeed, the expected reduction of LDL-C
with nicotinic acid in the trials included in our meta-analysis is cer-
tainly lower than the 20% decrease observed in short-term studies
[33]. Overall, we do not think that the effect of nicotinic acid can
be explained solely by the effect on LDL-C. Epidemiological studies
such as the Multiple Risk Factor Intervention Trial [39], the Lipid

Research Clinics Follow-up Trial [40], the Coronary Primary Pre-
vention Trial [41], and the Physicians’ Health Study [42] have very
clearly documented the risk related to HDL-C in large cohorts. High
Lp(a) concentrations are a causal factor, as genetic abnormalities
with elevated Lp(a) are associated with high cardiovascular risk. In
a recent meta-analysis Lp(a) was related to cardiovascular risk. An
increase in Lp(a) of one standard deviation is associated with a sig-
nificant relative risk of 1.13 after adjustment for conventional risk
factors [43]. This relative risk reflects the association with coronary
risk, and similar significant relative risks are obtained for ischaemic
stroke.

Interestingly we found that nicotinic acid decreased both coro-
nary events and stroke with similar risk reductions. This result
differs from data obtained with statins and might be explained by
the specific role of HDL-C or triglyceride in cerebrovascular diseases
[44–46].

These findings are of importance for clinicians for at least two
reasons: (1) residual risk remains fairly high in statin-treated
patients; and (2) positive results strongly suggest that we might
improve prognosis beyond the LDL-C decrease. Furthermore nico-
tinic acid might be an attractive alternative for patients (up to 10%)
who do not tolerate statins [47,48]. Residual cardiovascular risk is
defined as the risk still present after these patients have received
appropriate optimal therapy [49]. Treatments consist of all those
therapies that are currently recognized as having an effect on the
risk of subsequent cardiovascular events. During the follow-up of
the 4S study, 23% of patients in the placebo group had major coro-
nary events versus 16% of patients in the simvastatin group. So
there were still 70% of cases of coronary disease in patients prop-
erly treated with simvastatin in the 4S study [50]. In the Treating to
New Targets study of patients with stable coronary disease, there
were still 80% of cases of cardiovascular disease in subjects treated
with high-dose statins [51].

Our findings should be interpreted cautiously since several lim-
itations should be addressed. First, it is possible that some relevant
studies were not included in our review, as we limited our search to
published reports in the PubMed database. Certain limitations are
inherent in our meta-analysis, of which the most important relates
to the synthesis of data from heterogeneous trials [52]. The study
populations are relatively alike with regard to their high cardio-
vascular risk. However, dosages and comparators varied across the
trials. In our meta-analysis we were not able to estimate the effect
of niacin monotherapy, since most of the studies assessed a global
approach to treating lipid abnormalities. Only four studies assessed
niacin monotherapy [13,24,26,29], and only one of them had suffi-
cient power to evaluate the effect on clinical events, having a weight
of >60% in meta-analysis [13]. After exclusion of this major trial, the
relative-risk reduction for clinical events was stronger and there-
fore the treatment effect size of niacin monotherapy was likely
lower. However, this analysis was limited by the low number of
cardiovascular events, since, except for one study [19], none had


