Editorial Comment

Is legacy a myth or a reality? We should know, and
we do not
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T

he concept of cardiovascular risk factor is spontaneously, intuitively, associated with the notion
of legacy, because individuals presenting high levels
of risk factors will not suffer immediately from this
situation. For example, in the pooled analyses of several
trials of antihypertensive drugs against placebo or no
treatment in mild-to-moderate hypertension [1], stroke
incidence was less than 4% at 5 years in the control
groups (Fig. 1).
Three periods do exist in the disease process: complete
latency, symptomatic phase, and cardiovascular complications phase. The symptomatic phase does not exist with
cholesterol levels, whereas type 2 diabetes and hypertension are possibly associated with symptoms such as polyuria and polydipsia for the former and headaches for the
latter. The duration of the first two phases is highly variable
from an individual to another, but the evolution of arterial
disease can spread over several years or tens of years,
before the occurrence of symptoms of complications. A
logical hypothesis comes naturally to mind that the duration
of the exposure to high levels of risk factors has per se a
prognostic value, the severity of the disease and of the
complications being attributed to the legacy from this
exposure. We can also view legacy in negative terms
regarding treatment exposure when treatment successfully
decreases the risk associated with the risk factor: the legacy
of treatment consists in a decreased probability of complications extending beyond the period of the exposure
to treatment.
If the concept of legacy, regarding risk factor or its
treatment, correctly captures the reality, physicians should
consider it, screening the risk factors and treating them as
early as possible. Prolonging treatment exposure as much
as possible is usually associated with this reasoning,
because the concept of lifelong treatment of risk factors
prevails. This conclusion contradicts the current guidelines
toward cardiovascular prevention, which base therapeutic
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decision on risk level through scores that integrates several
risk factors rather than on the level of the risk factor targeted
by the drug treatment. As age is by far the strongest risk
factor, guidelines promote a late treatment initiation, leaving people exposed to a high level of risk factors. The risk is
low during this abstention period, but under the legacy
theory, the unopposed exposure to high risk factor levels
would represent an accumulation of risk for subsequent
periods. Of note, legacy effect is a very good concept for
increasing the drug market.
In this issue of the Journal of Hypertension, Nelson et al.
[2] explore to what extent the past exposure to antihypertensive treatment of individuals without cardiovascular
history and recruited in the second Australian National
Blood Pressure Study was associated with a difference of
prognosis. Although they expected that legacy (of unopposed hypertension or of treatment exposure) would lead
to a better prognosis in those previously treated, they did
not observe any difference in cardiovascular mortality at 10
years. On the contrary, previous treatment was associated
during the trial with higher cardiovascular disease, all-cause
mortality rate, and incidence of new-onset diabetes. This
clearly contradicts the expectations from a legacy effect and
supports the strategy of delaying the start of drug treatment
in young hypertensive individuals whose risk within 5 or 10
years is low.
Considering as a risk factor per se, the duration of the
exposure to a risk factor raises the issue of the precise date
at which the risk factor was elevated through life. Prescription habits bias the answer to this question: once the high
level of risk factor is diagnosed and a drug treatment is
started, the latter is exceptionally interrupted by prescribers, who usually consider that treatment is responsible for
the good control of the risk factor. Given the large withinindividual variability of risk factors levels, the individuals
with false-negative diagnoses of hypertension are submitted to lifelong treatment, without leaving a chance to
patients to check whether the treatment is appropriate.
This statement concerns blood pressure, glycemia, or cholesterol. A simple simulation illustrates that after 10 medical
visits with blood pressure measurements, the individuals
presenting the definition criteria of hypertension will
include 30% of false positive, or an individual with systolic
blood pressure of 130 mmHg will have 64% probability to
be misdiagnosed as hypertensive [3].
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FIGURE 1 Probability of stroke-free survival over time in the pooled control groups of seven trials of the INDANA database.

A first approach to test the legacy theory is to compare
the respective impact of past and recent measurements. If
the concept of legacy is true then old measure should add
their prognostic value to that of the recent ones. From the
long-term follow-up of nine cohorts of the Seven Counties
study, both past and recent high blood pressure increase
the risk of stroke mortality, and both past and recent high
serum cholesterol level increase the risk of coronary heart
disease mortality. Increased past and recent blood pressure
were both associated with increased risk of coronary heart
disease mortality. More surprising, the risk was not significantly associated with recent blood pressure once past
blood pressure had been accounted for [4]. These results
support the legacy effect.
Like Nelson et al. [2], we explored the impact of previous
exposure to antihypertensive treatments on the mortality in
individuals with hypertension recruited in the trials collected in the INdividual Data ANalysis of Antihypertensive
(INDANA) trials database [5]. This analysis was conducted
in untreated or placebo-treated groups. In line with the
results by Nelson et al. [2], we found that previous exposure
to treatment was associated with a higher rate of coronary
and cardiovascular death during the trials follow-up. These
results seem to contradict the legacy theory.
In these approaches, multivariate analyses were performed, taking into account several potential confounders,
such as age, sex, blood pressure level, and others. However, we never know whether other patients’ characteristics, not available in the data set, confounded the results.
This is why controlled exposure to treatment during the
randomized controlled trials is a better setting to analyze
legacy.
In their meta-analyses of 1990, Collins et al. [6] and
McMahon et al. [7] attempted to connect epidemiological
data to clinical trials results, to determine whether the risk
reduction observed in treated groups did correspond to the
observed blood pressure difference attributable to treatment. They concluded that it was the case for stroke, but not
for myocardial infarction. They suggested that some
chronic processes may be at play. Without naming it, they
attributed this limited effect to a treatment legacy playing on
a longer period than the usual 5 years follow-up of the trials.
However, the close analysis of the treatment effect over
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time by Boutitie et al. [8] did not confirm this explanation:
treatment was fully effective on coronary events during
the first year of treatment, displaying thereafter a lesspronounced risk reduction, leading to a disappointing
effect size at 5 years. On the reverse, there was no effect
on stroke during the first year of treatment, which appeared
later and was reinforced over time. This latter result did not
support the legacy hypothesis as an explanation for the
5-year reduced impact of antihypertensive drugs on coronary events.
Cucherat et al. [9] observed that 5 years after the end of
the Acébutolol et Prévention Secondaire de l’Infarctus
(APSI) trial, the benefit observed with acebutolol compared
with placebo in high-risk patients after a myocardial infarction was maintained. But the preservation of a betweengroups difference after the study does not demonstrate that
the treatment effect persists beyond the treatment withdrawal. It could be a simple carry over effect of the final
difference without the subsequent events, occurring at the
same rate in both groups after the end of the trial, being in
sufficient number to dilute the initial difference.
Similar observations were made for the long-term posttrial results of the Systolic Hypertension in the Elderly
Program (SHEP) trial [10] of chlortalidone-based regimen
in isolated systolic hypertension after 60 years of age, which
displayed positive results at its programmed end. Conversely, the benefit from tight blood pressure control
observed initially was not present during the long-term
follow-up of the United Kingdom Prospective Diabetes
Study (UKPDS) trial [11]. More striking and difficult to
interpret are the results from glucose control in UKPDS,
which were largely reinforced 10 years after the end of the
trial [12]. Of note, an impressive attrition rate was present at
this late follow-up. The prolonged follow-up of two more
recent trials in type 2 diabetes patients did not show such
enthusiastic results, shedding some doubt about the reality
of the legacy effect of the antidiabetic drugs [13,14].
As Nelson et al. [2] mention, the best way to know
whether legacy of treatment is at play or not would be
to conduct withdrawal trials [15], ideally stratified on the
previous duration of treatment. Obviously, such trials are
very rare, the main reasons being that most trials are
conducted by the pharmaceutical industry and that
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pharmaceutical industry has no interest at all in exploring
the best duration of treatment when key opinion leaders
affirm that treatment has to be prescribed lifelong.
The reality of a legacy effect would support an early and
prolonged treatment of individuals presenting high cardiovascular risk factors levels, even in low-risk situations such
as young hypertensive people. Evidence is available in
favor and against the reality of legacy. The only unbiased
approach is to test the impact of withdrawing preventive
treatment, which should be a priority for institutional
research efforts. Meanwhile, we should remember that
treating low-risk people could be a high-risk strategy
[16], in particular, when the level of evidence for benefit
is scarce as in mild hypertension [17].
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