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Abstract In chronic diseases such as diabetes, adherence to
therapy aims to preserve health, which is a long-term
objective, whereas non-adherence tends to present an imme-
diate ‘reward’. We propose that non-adherence, like addiction,
is at least in part due to the fact that, for physiological, and
maybe genetic reasons described in a new field, neuro-
economics, a number of people have a taste for the present
rather than the future. Thus, for ‘impatient patients’ it is
natural not to adhere to therapeutic prescriptions that share the
characteristic of being future-oriented. This hypothesis may
apply to any disease requiring long-term therapy.
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Introduction

Non-adherence is a major issue in contemporary medicine:
in a recent report, the WHO claimed that ‘increasing the

effectiveness of adherence interventions may have a far
greater impact on health than any improvement in specific
medical treatments’ [1]. A study in diabetes demonstrated a
negative correlation (p<0.001) between an index of
adherence, the medication possession ratio (MPR, the ratio
of the total days of the supply of medication dispensed
divided by the number of days of the evaluation period) and
mean HbA1c level in 655 and 1,013 patients treated with
metformin or sulfonylureas, respectively; specifically,
HbA1c <7.0% was clearly observed in patients with MPR
≥1, suggesting that if patients simply adhered to their
medication, diabetes would be controlled in most of them
[2]. Another study, in 249 diabetic patients [3], showed that
mean adherence 1 year after initiating therapy was 81%,
and that 65% had good adherence (MPR >80%). Here
again, an inverse relationship existed between adherence
and HbA1c; after controlling for baseline HbA1c and
regimen, each 10% increase in adherence was associated
with a 0.1% decrease in HbA1c (p=0.0004). In a multivar-
iate analysis [4], non-adherence remained significantly
associated with increased risks for all-cause hospitalisation
(p=0.001) and for all-cause mortality (p=0.001). Finally,
adherence to diabetes therapy was found to be associated
with a decrease in healthcare costs, mostly through a
decrease in hospitalisation [5, 6].

A recent study evaluated non-adherence in seven chronic
diseases: hypertension, hypothyroidism, type 2 diabetes,
seizure disorders, hypercholesterolaemia, osteoporosis and
gout [7]. Sample sizes ranged from 4,984 patients for
seizure disorders to 457,395 for hypertension. MPR >80%
during the first year of therapy (good adherence) was
observed in 72.3%, 68.4%, 65.4%, 60.8%, 54.6%, 51.2%
and 36.8% of patients, respectively, for the seven disorders.
Interestingly, the lowest adherence was observed in patients
with gout, a disease which can take the form of a painful
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crisis. More surprisingly, a recent study showed that use of
non-steroidal anti-inflammatory drugs in the year prior to
urate-lowering drug initiation (suggesting the occurrence of
a crisis), was a significant predictor (OR 1.15, 95% CI
1.00–1.31) of poor adherence to subsequent gout therapy
[8]. These observations contradict the common view that
non-adherence is especially frequent in ‘silent’ diseases
such as diabetes. Younger age (<60 years) has also been
associated with lower adherence for all diseases except
seizure disorders [7], suggesting that the chronic character
of the disease, i.e. its potential future duration, is more
important than the fact that it may be painful.

The aim of this article is to propose a hypothesis
explaining this effect of time on adherence to long-term
therapies. The point I wish to make is that people are non-
adherent when they are unable to give priority to their future.
The choice between adherence and non-adherence can
indeed be seen as a choice that the patient will have to
make, day after day, between a larger delayed reward for
adherence (prevention of complications) and a smaller but
more immediate reward for non-adherence, e.g. an extra
portion of cake, the forbidden cigarette, avoiding the boring
task of looking for the tablets, avoiding the side effects of the
medication. There is therefore a paradox of non-adherence to

long-term therapies, in that non-adherent individuals prefer a
reward that is more immediate but smaller.

Neuroeconomics and the force of our desires

Neuroeconomics, a new field of study, may shed some light
on this puzzling behaviour [9]. Everyday experience
indicates that the force of our desire for a reward increases
strongly, and asymptotically, as we approach its delivery
(think of the night before you take possession of a new car).
The function describing this increase is indeed hyperbolic
[10]: Fig. 1a shows how individuals describe the residual
value of a given amount of money (e.g. US$1,000) if it is
offered, not immediately, but in 1, 6, 12, 60 months, etc.
The discounting rate is not constant, being more important
during the first months. For this reason, a hyperbolic
function V ¼ 1= 1þ kt½ �ð Þ gives a better fit than an
exponential function (Fig. 1b). Figure 1c shows two curves
with different values of k and Fig. 1d represents Fig. 1c
after its rotation around a vertical axis. The two curves on
Fig. 1d can be viewed as a representation of the change in
the respective forces of the desire, increasing more abruptly
in the case of the high (0.05) k value. Thus, this variable,
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Fig. 1 a Distribution of
individual certain-immediate
amounts equivalent to US$1,000
with various delays. b Median
amount of certain-immediate
money equivalent to US$1,000
with various delays (data from
panel a). The solid line is the
best-fitting hyperbolic function
[V=V0/(1+kt); k=0.014,
V0=1,000]; the dashed line is the
best-fitting exponential function
(V=V0e

–kt). c Two discounting
curves with the corresponding
k value of the hyperbolic equa-
tion [V=1/(1 + kt)]. Solid line,
k=0.01; dashed line, k=0.05.
d This is panel c after rotation
around a vertical axis. Modified
with permission from Rachlin
et al. [10]. Copyright (1991) by
the Society of the Experimental
Analysis of Behavior, Inc.
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which can be determined through this monetary scenario,
represents an empirical evaluation of impatience. Studies
using analogous experimental procedures in birds and
animals [11] demonstrated that pigeons are more impatient
than rats, having a higher k value (0.77/s vs 0.16/s). By
comparison with these values expressed as per second, the
value of k in humans is expressed per month, indicating a
huge development of patience. In children, the ability for
delaying gratification appears in the preschool years, and
4-year-old children having this type of future-oriented self
control were found to develop into more cognitively and
socially competent adolescents, coping better with frustration
and stress [12].

It is therefore possible to quantify the level of impulsiv-
ity of human individuals: some are more impatient, which
means that people discount the future to a greater or lesser
extent [13]. This level of impulsivity is associated with
some pathogenic behaviours; the k value of the hyperbolic
function describing impulsivity during a monetary choice
has been found to be higher in different forms of addiction
(smoking [14], alcohol habits [15], addictions to various
kinds of drugs [16]), and, recently, in depressive patients
[17] and obese women [18].

Studies using brain functional magnetic resonance imaging
MRI (fMRI) showed that the degree of impulsivity manifested
during a monetary choice can be seen as the result of the
activity of two competing systems: choices for delayed
outcomes are related to the prefrontal cortex, while choices
for immediate outcomes are related to the limbic brain regions
[19, 20]. The degree of impulsivity was found to be linked to
polymorphisms of catechol-O-methyl-transferase (COMT)
[20] or monoamine oxidase [21], two enzymes that control
the cerebral level of serotonin and dopamine. Recently, a
brain fMRI study performed in children and adolescents
found an association of this polymorphism of COMT with
the cortical thickness of a right prefrontal region intimately
linked to key aspects of cognition [22].

Impatience may therefore have a genetic basis. It may
represent a primitive inherited trait, having had at some time
an evolutionary advantage: as claimed by Elster, ‘in the animal
realm the general mechanism of natural selection creates a
presumption of myopia’ [23]. It is tempting to speculate that
an ‘impatience genotype’ may now have pathogenic con-
sequences—and may even come to replace the thrifty
genotype hypothesis [24] in the pathogenesis of diabesity.

More recently in evolutionary history, the development
of the prefrontal cortex may have been associated with the
development of an ability to delay rewards. Interestingly, it
was recently shown that the activation of the prefrontal
cortex during a monetary choice is independent of the fact
that the money gain is real or fictional; the authors of this
study speculated that ‘this makes sense from an evolution-
ary basis as humans often have to consider future outcomes

to make plans important to survival. It would be difficult to
imagine evolutionary pressure that would result in differing
neurobehavioral processes for future events that occur vs
those that do not’ [25].

This neuroeconomical description of the force of the
desire can explain how people decide between the two
competing, smaller-sooner and larger-later, rewards of non-
adherence and adherence, and opt for the first: for example
by consuming their dessert, even if they had decided when
entering the restaurant that they would follow their diet
(Fig. 2). This is a direct consequence of the hyperbolic
nature of the function describing the force of the desires:
the two curves describing an earlier and a later reward
cross: after this preference reversal, it becomes rational to
take the earlier reward, even if its value is smaller [26],
quod erat demonstrandum.

A second aspect of chronicity: temporal horizon

The application of this conceptual framework has consider-
able support in the field of addiction (as reviewed [9, 11, 16,
19, 27, 28]). Is it relevant to the general issue of patient non-
adherence to their medical prescriptions? Attempts to find an
association between the degree of impulsivity, determined by
a monetary choice, on the one hand, and health behaviours
such as vaccination against influenza, adherence to antihy-
pertensive or cholesterol-lowering medications on the other
hand, were found to be negative in one study [29].

Such negative data do not, however, rule out an
association between time preference and adherence to
long-term therapies. The association may be indirect. First,
there is considerable evidence that time preference is
associated with smoking status (reviewed by Perry and
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Fig. 2 Intertemporal choice. I enter a restaurant (t1); the force of my
desire to follow my diet in order to remain healthy is higher than my
desire to order the dessert. By the end of the dinner (t2), the curves
describing the force of my desires have crossed, producing a
preference reversal [26]. Rationally, I order the dessert
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Carroll [16]), which is itself associated with patient
adherence: for instance, diabetic patients who smoke are
less adherent to recommendations concerning blood-
glucose monitoring and exercise and skip more medical
appointments than non-smokers [30]; by contrast non-
smokers accept a complex treatment more easily [31].
Smokers are less adherent to bisphosphonate therapy [32].
Similarly, alcohol consumption is a marker for poorer
adherence to diabetes self-care behaviours [33].

Further, and in the same vein, adherence to medication (a
bisphosphonate or a statin) was found in two studies to be
associated with the use of preventive health services, such
as prostate-specific antigen tests, faecal occult blood tests,
screening mammography or influenza and pneumococcal
vaccination [32, 34]. Another study found an association
between future preference, assessed by a four-item ques-
tionnaire, and the frequency of use of genetic counselling
for BRCA1/2 testing (used to obtain information about
future risk of breast and ovarian cancer) and mammography
screening. The preference for future outcomes, determined
through the four-item time-preference scale, was inversely
correlated with monetary impulsivity and with cigarette
smoking [35].

This suggests that impatience, which can be evaluated
through the monetary choice procedure, is a part of a more
general construct, described as temporal horizon, which,
according to Bickel et al. [36], describes the window in
time in which an individual is capable of perceiving and
planning. In a recent study, temporal horizon was evaluated
by using a method initially described by Wallace [37],
based on two types of questions: for instance, the first
question asks participants to write a list of ten events that
will occur in their lives and to indicate the age at which
they would expect each event to occur. The second type of
question asks participants to write endings to short stories
and to indicate the duration of the story. Both measures
provide estimates of how far into the future a person
typically plans. Participants in the study also completed a
monetary discounting task. Overall, participants with lower
discounting rates tended to provide longer time estimates
for stories than those with higher discounting rates.
Smoking women were found to have a shorter temporal
horizon than their non-smoking counterparts [38].

This type of investigation has not, so far as I am aware,
been performed in relation to adherence to medication or
other health behaviours. However, this concept of temporal
horizon may explain why people who live in poverty or any
form of social deprivation and uncertainty, who have a
shortened life expectancy, or who have other constraints
upon their future expectations, may very reasonably opt for
the short-term benefit and, therefore, be non-adherent to
long-term therapies. In other words, the impatience geno-
type might also be a phenotype.

Discussion

The main aim of this article was to propose the hypothesis
that adherence to health behaviours, like addiction, is related
in part to the relationship that patients have to temporality.
According to this hypothesis presented, non-adherent
patients are by and large less capable of giving priority to
the future. They can manifest this incapacity either on a daily
basis in relation to the short-term reward of non-adherence
(see Fig. 2), or in a broader perspective, because their
temporal horizon is limited. This incapacity may even have
a partly genetic basis, such that some individuals have an
‘impatience genotype’ leading to addiction, or to non-
adherence to long-term therapies, or both.

This hypothesis is consistent with: (1) the frequent
association between several manifestations of non-
adherence and smoking and alcohol habits: for instance,
smoking and excessive alcohol consumption are indepen-
dent predictors of low practice of self-monitoring of blood
glucose in diabetic patients [39]; (2) the effect of young age
on non-adherence in chronic diseases [7]; (3) the frequency
of non-adherence in teenagers (an experimental study
showed that adolescents and people in their twenties have
more difficulties in finding similarities between them now
and them in the future than older people [40]); (4) the fact
that the level of maturity is associated with adherence to
immunosuppressive drugs in adolescent and young adults
following heart transplantation [41]; (5) data from fMRI
studies, providing the evidence that the balance between
frontal and limbic circuitries is relatively late maturing
during the brain development from childhood to adult age
[42, 43]: it is tempting (even if hazardous) to see an
explanation of a risk in teenagers, not only for addiction,
but also for poor adherence; (6) the effect of social
deprivation on non-adherence to medication [44]: a shorter
temporal horizon was found to be associated to a lower
income [38]; (7) the effect of education on adherence to
medication and other health behaviours [45]: a stronger
future orientation of women, who asked more frequently for
BRCA1/2 screening and mammography, was seen in
women who had higher levels of education [35]; and
finally (8), this explanation may represent a common link
leading to a clustering of preventive behaviours in some
individuals, this concept of ‘healthy adherer’ explaining the
puzzling observation that adherence to a placebo is
associated with a decrease in mortality [46].

If the hypothesis presented in this article is correct, we
doctors should spend more time asking our patients how they
consider their future (rather than focusing on their history),
since this may determine their long-term adherence to
medical advice and other health-related behaviours. We
should next tailor our therapies and explanations according
to this psychological dimension, for instance pointing out to
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an ‘impatient patient’ some immediate and concrete advan-
tages of being adherent, rather than the abstract and long-
term objective of ‘avoiding complications’.

Certainly, patients are not computers. However, when they
have to make a choice between different possible options, they
will evaluate different types and sources of medical informa-
tion, andwill ‘weight’ them in accordancewith this evaluation.
The aim of this paper was to stress the point that impatience
may represent a trait of character that can have a powerful
impact on this rational choice, leading sometimes to a decision
which may seem to be irrational, such as non-adherence to
immunosuppressive drugs of heart-transplanted patients: this
‘irrationality’ may have a neurophysiological support [47].
Since it may be difficult, or impossible, or even unethical, to
want to change peoples’ characters, the art of medicine may
consist in offering advice that is not only objectively sound
but is also adapted to the patient’s own priorities, under-
standing of the situation, and character.
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