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Use of intermediate cardiovascular
endpoints in intervention studies:
not as easy as it seems?
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In the current issue of the Journal, Van den Berkmortel
and coworkers' report on the effect of smoking cessation on
cardiovascular risk reduction, as estimated by assessment
of progression of carotid intima-media thickness (CIMT)
and arterial stiffness. Much to the authors’ surprise, their
nonrandomised study among 33 subjects who stopped
smoking for at least two years, 55 persistent smokers and
50 never-smokers showed no difference in rate of change
in CIMT or arterial stiffness across the groups after two
years of intervention. The intriguing question of the paper
is whether the finding is true or may be attributed to
potential flaws of the study, focussing on design and
analytical procedures, the choice of the endpoint and the
power of the study.

The most desirable study design to evaluate the efficacy of
interventions on cardiovascular risk is a randomised con-
trolled trial (RCT). However, in the case of smoking this is
ethically not possible. Therefore, an approach should be
sought that at least tries to resemble an RCT in design and
data analytic approach as closely as possible. Ideally, sub-
jects should be analysed in a ‘intention to treat’ fashion, i.e.
final analyses are based on the groups as these were at the
start of the study. In the paper by Van den Berkmortel and
coworkers, a considerable number of ‘dropouts’ occurred,
in particular in the intervention group: from 127 smokers
at baseline to 33 completers. The study should be designed
in a way that the number of evaluable patients is the same
at the end of the study. In studies using intermediate
endpoints this may be achieved by having end of study
measurements performed in those who dropped out during
the study.* The extent to which this approach was taken is
unclear from the paper. Finally, in order to compare non-

randomised groups of patients with respect to outcome
in a valid manner, multivariate regression models may be
applied to adjust for differences at baseline that may lead to
different progression rates.’> Apart from baseline CIMT and
alcohol consumption, the authors reported the absence of
significant differences across groups at baseline. However,
a multivariate analysis would have been appreciated in the
paper in addition to the current data presented.

Ideally, one would tend to study smoking effects using
cardiovascular events as primary outcome. Yet, using
established intermediate endpoints, such as CIMT and
arterial stiffness,* the sample size of the study and possibly
the duration of the study may be considerably reduced.
The pros and cons of the final choice of the primary end-
point in a study like the one by Van den Berkmortel has
recently been discussed in detail for CIMT measurements.>
Rather than providing estimates of CIMT progression for
all carotid segments separately, there is strong view towards
using the mean maximum CIMT as primary outcome.
There is considerable variation in the CIMT measurement,
which has been attributed to variability due to individuals,
sonographers and readers. Obtaining CIMT measurements
from various carotid segments, i.e. common and internal
carotid artery and carotid bifurcation, near and far wall,
left and right carotid artery, and averaging those estimates
will likely reduce measurement variability and increase
precision of the associations.’ Recent unpublished analyses
from a large multicentre trial* indeed showed that repro-
ducibility of CIMT measurements improved considerably
when the estimate was based on several measurements as
compared with one measurement. Furthermore, rather than
subtracting the follow-up measurement from the baseline
measurement to obtain a progression estimate, an approach
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might be considered in which all in-between measurements
are taken into account.® The information was collected by
Van den Berkmortel, yet not analysed in this manner.

In a study where the main focus is on change over time
in the outcome parameter, information on reproducibility
is essential. The cornerstone of reproducibility is the data
based on repeat scans, i.e. where subjects are being
examined twice with some time interval (weeks) in between
the examinations. Such data reflect variability due to sub-
jects, sonographers, readers and equipment. It is also
important to have these repeat scans performed, not only
at baseline, not only at the end of the study, but also during
the study. In a trial as reported, it should be shown that the
reproducibility between readers and that within a reader is
good. However, we know that there are ‘thick’ and ‘thin’
readers.” This means that using the same B-mode images,
the reading by reader 1 leads to a higher CIMT estimate
compared with the reading by reader 2. What is important
for estimates of change over time is that the proportion
thick/thin readers remains constant over time.® Otherwise,
progression estimates tend to become artificially large or
small. When, however, the mix thick/thin readers changes
over time but equally across the intervention groups it will
unlikely affect the comparison across groups. As pointed out
by Van den Berkmortel and coworkers, their reproducibility
seems good although the data indicating reproducibility
over time were not reported. Yet, in almost all of their
progression estimates of CIMT, the direction is towards
‘regression’, which might be indicative of either drift within
readers or change in the thick/thin readers mix over time.

When embarking on an intervention study, the assumed
effect of the intervention on the primary outcome of the
study and the variability of the progression rate, apart from
the alpha and power, are the driving forces of the sample
size. Van den Berkmortel and coworkers unfortunately
did not provide information on sample size assumptions.
Based on the start of the study with 1277 subjects to intervene
upon and the 50 nonsmoking control subjects, one may
come up with an effect size of ~100% (no progression in
the intervention group compared with controls), assuming
a two-sided alpha of 0.05, a 80% power, a two-year CIMT
progression of 0.02 mm, and a standard deviation (SD) of
the progression rate of 0.05.5 If we assume an SD of 0.02
(table 2 in Van den Berkmortel's paper), the effect of
quitting smoking should be around a 60% reduction in
progression. However, based on the literature,® the annual
difference in CIMT progression between quitters and those
continuing to smoke is around -0.0035 for white middle-
aged women and -0.0014 mm for white middle-aged men,
constituting much smaller differences in effect than
assumed above. In fact, the study by Van den Berkmortel
and coworkers was based on the comparison of 33 quitters
(instead of 1277) with ~50 controls. The posterior power

calculation, assuming a 100% reduction, indicated a power
of 47%. This may indicate that there is a large probability
of falsely saying that ‘it is true that quitting smoking has
no effect on progression of CIMT or arterial stiffness’.

In conclusion, the authors are to be complimented on
their efforts to conduct a study on the effects of quitting
smoking on progression of CIMT and arterial stiffness.
There may be some possibilities to perform further analyses
on the data in order to reduce measurement variability. Yet,
the study is likely underpowered to conclude that quitting
smoking has no effects on progression of CIMT or arterial
stiffness. In light of the adverse effects of smoking on
cardiovascular and cancer risk, the authors are correct to
conclude that ‘Despite the study results, cessation of
smoking should be recommended’.
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