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ABSTRACT

The half-life of a drug is most commonly defined as the
time taken for the plasma or blood level of the drug to
fall by half. Elimination half-life, pharmacologic half-life,
and biologic half-life are interchangeably used most
commonly to describe the half-life of drugs that follow
first-order or linear pharmacokinetics; that is, in single-
compartment models, where the fall in blood level is
proportionate to the concentration of the drug in blood.
In 2 compartment models, where the drug equilibrates
between blood and (for example) adipose tissue, during
elimination there is a sharp initial fall in blood levels
followed by a gradual subsequent fall; when drugs
display this biphasic elimination pattern, the half-life
corresponding to the second phase is what is clinically
relevant, and this half-life is known as the terminal
half-life. Half-life is influenced by drug distribution,

drug metabolism, and drug excretion, each of which

can be influenced by many factors such as age, use of
concurrent medications, and presence of liver or renal
disease. In order to maintain uniform blood levels and
reduce the adverse effect risk, drugs with short half-lives
need to be dosed more frequently. Drugs with short half-
lives are more likely to be associated with withdrawal or
discontinuation syndromes. The duration of action of a
drug, time to steady state levels, and time to washout
are each influenced by the value of the drug half-life.

All these terms and concepts are defined and explained
with the help of clinically relevant examples. Mental
health care professionals who prescribe to patients need
to know the half-lives of the drugs that they prescribe,
the half-lives of active metabolites, if any, how these half-
lives may differ with individual patient characteristics,
and how to use this knowledge to prescribe to best
advantage.
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The half-life of a drug, represented by the symbol T/2, is
defined in different ways. It is the time taken for half of the
administered dose of a drug to be eliminated from the body; or,
the time taken for half the quantity of the drug in the body to be
eliminated from the body; or, the time taken for the plasma or
blood level of the drug to drop by half.""* Each of these definitions
carries a different meaning, and what the half-life of a drug is
found to be can also vary or appear to vary depending on contexts
such as formulation, route of administration, and individual
variations in drug distribution, metabolism, and excretion,
among other factors. This article limits itself to an explanation
of clinically relevant concepts related to half-life and practical
issues related to half-life.

Terms and Concepts

Pharmacology textbooks are packed with terms and concepts
related to the subject of drug distribution, clearance, and half-
life, none of which is straightforward and all of which are related
through formidable formulae. To complicate matters, some terms
are inconsistently used. This article will therefore explain only
what is actually necessary for a practicing clinician to know.

Elimination half-life. Elimination half-life, pharmacologic
half-life, and biologic half-life are commonly used interchangeably
and refer to the time taken for the blood level of a drug to fall by
50%.! As a brief aside, the term blood level is used nonspecifically,
here; whether blood, plasma, or serum is used as the reference
fluid depends on the drug and on the method of assay. It is seldom
necessary for clinicians to know and specify what the reference
fluid is when “levels” are ordered.

The concept of elimination half-life is easy to understand
when drugs follow “first-order kinetics”; that is, when
pharmacokinetics are “linear” In this situation, when the drug
is eliminated (ie, metabolized and excreted from the body), the
fall in blood level is proportionate to the concentration of the
drug in blood. So, in a graph, when drug concentration is plotted
on the Y-axis against time on the X-axis, provided that there is
no readministration of the drug, the fall in drug concentration
will be depicted by a smoothly curved line (Figure 1). First-order
kinetics are seen in “single-compartment models”; that is, when
the drug is distributed only in the primary compartment, blood.

Lamotrigine, with a half-life of 23-37 hours, and
desvenlafaxine, with a half-life of about 10 hours, are examples
of drugs that show linear pharmacokinetics.>*

Terminal half-life. What happens when drugs are distributed
into more than one compartment, as in the case of drugs that
are highly lipid soluble? Consider diazepam as an example.
When diazepam is administered, after absorption it rapidly
diffuses from blood into lipid reservoirs; the greater the
adiposity of the individual, the greater this diffusion. So, soon
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Figure 1. Percentage Fall in Blood Concentration After Drug
Discontinuation, Demonstrating Linear Pharmacokinetics

for a Drug With a Half-Life of 6 Hours

Figure 2. Percentage Fall in Blood Concentration After Drug
Discontinuation, Demonstrating Biphasic Elimination
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after administration, the blood level of diazepam rapidly
falls until equilibrium is reached between blood and lipid
compartments. As the diazepam fraction that is in blood
is gradually metabolized, re-equilibration between lipid
and blood compartments occurs to compensate for the
metabolized moiety. This results in a more gradual fall
in blood levels. Thus, diazepam displays biphasic decline
in blood levels: there is a rapid initial decline followed
by a subsequent slow decline. Biphasic elimination for a
hypothetical drug is shown in Figure 2.

Only the second phase in biphasic elimination is relevant
to pharmacologic action. This is because the fraction of a
drug that is in blood is what is distributed to the target tissue,
and hence what determines the clinical action of the drug.

The half-life of the drug that corresponds to the second
phase of decline is known as the terminal half-life.? This is
the half-life that is usually reported for drugs with biphasic
elimination.

Factors That Influence Half-Life

Whatever influences the distribution, metabolism, and
excretion of a drug can increase its half-life. With regard to
distribution, for drugs such as diazepam!' and penfluridol®
that are substantially distributed into adipose tissue, greater
adiposity is associated with greater storage of the drug in
lipid reservoirs, and hence greater availability of the drug
for return to blood as blood levels fall due to metabolism.
The net result is a longer half-life. Elderly persons tend to
have a higher adipose to muscle tissue ratio, and this is
therefore one reason why the half-life of some drugs, such
as diazepam, is greater in the elderly.®

With regard to metabolism, individuals inherit different
metabolic predispositions. As an example, most people
(67%-90%) are cytochrome P450 (CYP)2D6 rapid
(extensive) metabolizers; the rest, depending on ethnicity, are
slow, intermediate, or ultrarapid metabolizers.” So, the half-
life of a drug that is metabolized by CYP2D6 would depend
on the metabolic status of the individual. Risperidone and
venlafaxine are examples of drugs that are metabolized by
CYP2D6.%°
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With regard to excretion, half-life is not affected by renal
disease for drugs that are metabolized by the liver. However,
for drugs such as lithium, milnacipran, pregabalin, and
gabapentin that are not metabolized or little metabolized,
and that are eliminated by renal excretion,'” half-life
increases in proportion to the severity of the renal disease.

Age, sex, nutritional status, adiposity, dietary preferences,
habits such as smoking, use of concurrent medications,
physiologic states such as pregnancy, pathologic states such
as liver disease, and others can affect one or more of the 3
processes listed above, thereby influencing the half-life of
psychotropic and other drugs. Clinicians therefore need
to know not only the half-life of the drug that they are
prescribing but also what the half-life might be given the
presence of one or more of these factors in the patient to
whom the drug is being prescribed.

When Is Half-Life Assessed?

Half-life can be assessed after single dosing. This is often
done in phase 1 clinical trials during new drug development.
However, the information from such studies is hardly of
interest because few drugs in psychiatry are administered in
one-off situations; ketamine, in the context of depression, is
one such drug.!!

Half-life is more usually assessed after steady state has
been attained. Assessment of terminal half-life, in particular,
tends to be more accurate at steady state. Finally, in the case
of drugs that induce (eg, carbamazepine) or inhibit (eg,
fluoxetine) their own metabolism,'>!? it is necessary to
know what the half-life is at least 2-4 weeks after treatment
initiation, when enzyme induction or inhibition reaches its
peak. In the case of carbamazepine, for example, the half-
life is 18-65 hours after a single dose and 10-20 hours after
multiple doses.!?

Half-Life, Duration of Action, and Dosing

Drugs that have a short half-life stay in the body for a
shorter period and so have a shorter duration of action.
Such drugs therefore need to be administered at more
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frequent dosing-intervals.”As'an example, the half-life of
carbamazepine is 10-15 hours during maintenance therapy.'*
So, when carbamazepine is used in the long-term treatment
of patients with partial seizures, it is dosed twice or even
thrice a day in order to maintain the uniform blood levels,
across the course of the day, that are necessary to reduce the
risk of breakthrough seizures.

Drugs that have a long half-life stay longer in the body
and so have a longer duration of action. Such drugs can
conveniently be dosed once a day or even less frequently. As
an example, paliperidone has a half-life of about 24 hours'
and can be administered in a once-daily dosing schedule.
Memantine has a half-life of about 70 hours and is somewhat
illogically recommended in a twice-daily dosing schedule!®;
once-daily dosing with memantine has been found safe and
effective in Alzheimer patients.!”

Most psychopharmacologic treatments, such as
antidepressants and antipsychotics, have a half-life of a
day or longer, which is why once-daily dosing is usual in
psychiatry. However, there are certain circumstances when,
despite long half-life, divided dosing may be recommended.
As an example, if a drug such as lithium is associated
with adverse effects when administered in a single dose,
divided doses may be better tolerated.!® Or, if there is need
for daytime sedation in a severely disturbed psychotic
inpatient, twice daily dosing with a sedating antipsychotic
may be recommended. Or, during early pregnancy, if there
are concerns about fetal risks associated with peak blood
levels following each once-daily dose of a psychotropic
drug, twice- or thrice-daily dosing may be suggested; the
lower peaks associated with the lower (split) doses may be
less likely to be associated with fetal risks. Some of these
practices are backed more by experience or tradition than
by evidence.

Sedating psychotropics are best administered in a single
dose at night. However, if the administered drug has a long
half-life, blood levels may still be high when the patient
awakes in the morning. The patient will then experience a
“hangover” characterized by grogginess, slowed thinking,
and slowed reflexes. This may happen, for example, with
olanzapine, which has a half-life of 21-54 hours.! Because
lowering the dose of olanzapine may not be an option for most
patients, a practical strategy that could reduce the hangover
risk is to dose olanzapine a few hours before bedtime; that
is, either late in the evening or with the nighttime meal;
food does not interfere with the absorption of olanzapine.?’
Olanzapine is absorbed slowly; it takes 5-8 hours for peak
blood levels to be attained.?! So, with late evening dosing,
blood olanzapine levels would be sufficiently high at the time
of retiring to bed to coincide with the scheduled sleep time.
And, by the time the patient awakes in the morning, the
blood levels could be expected to have fallen more than they
would have had the patient taken the drug at bedtime. The
risk of hangover is thus reduced in proportion to the lower
blood levels at the time of awaking.

Clomipramine has a half-life of about 24 hours.?
Clomipramine treatment may also be associated with
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a’morning hangover. The use of sustained-release
clomipramine*® would result in the same dose being
absorbed across a longer period; the peak blood levels
would hence be substantially lower, by about half.?* In
consequence, the risk of adverse effects associated with
high blood levels, including the risk of hangover, would be
lower. So, artificially prolonging half-life through the use of
a sustained-release formulation is another strategy to reduce
drug adverse effects.”

Half-Life and Active Metabolites

Knowledge about the half-life of a drug is incomplete
when the drug has active metabolites that prolong the action
of the parent drug. When drugs have active metabolites, it
is necessary to know not just the half-life of the parent drug
but the half-life of the active metabolites, as well; in this
context, how potent the active metabolite is with regard to
the parent drug is also a matter of importance. Psychotropic
drugs with active metabolites include anxiolytics such as
diazepam and clobazam, antidepressants such as fluoxetine
and venlafaxine, and antipsychotics such as risperidone
and cariprazine. For two of these drugs, risperidone and
venlafaxine, the active metabolites (paliperidone and
desvenlafaxine, respectively) were marketed as drugs in
their own right several years after the parent drugs were
marketed.

Half-Life and Extended Duration of Action

Drugs may have a longer duration of action than
predicted by their half-lives if their action is irreversible.
As an example, the classical monoamine oxidase inhibitors
(MAOIs), such as tranylcypromine, irreversibly inhibit
monoamine oxidase (MAO); therefore, MAO-driven
metabolism of substances such as dopamine, serotonin,
norepinephrine, and tyramine normalizes only after new
MAQO is synthesized, and this process takes about 2 weeks
to be complete after the MAOI has been washed out of
the body. This is why it is recommended that monoamine
reuptake inhibitor antidepressants, such as the selective
serotonin reuptake inhibitors, be started only after at least
2 weeks have elapsed following washout of previous MAOI
therapy.262

Special Drug Formulations and Half-Life

If half-life is defined as the time taken for half of the
administered dose of a drug to be eliminated from the
body, then the time for absorption can become a factor
when the route of administration is oral. So, when single
dose pharmacokinetics are studied, the half-life of a drug is
ideally determined after intravenous (iv) administration of
the drug. After ivadministration, the entire dose of the drug
is immediately available for metabolism and excretion; in
contrast, when a drug is orally administered, the value of the
half-life will be increased in proportion to the delay in the
absorption of the drug. This is the reason why drugs that are
orally administered as sustained-release, extended-release,
or other time-release formulations have an artificially
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lengtheéned half-life.”> For the same reason, whereas the
half-life of an antipsychotic remains the same, regardless
of formulation, artificial prolongation can be achieved with
long-acting injections.?®

Half-Life and Steady State

If the dose of a drug that is administered is greater than
the dose that is eliminated during the dosing interval, it will
take about 5 half-lives for a drug to reach steady state levels;
why this is so is explained in the next section. Steady state
is attained when the quantity of drug ingested per day is the
same as the quantity of drug eliminated per day. Here, “day”
as the unit of time is not set in stone; other units of time
may also apply, as in the case of drugs that are administered
once in 6 hours (eg, some antibiotics) or once a week (eg,
penfluridol). Steady state levels are higher or lower when
drugs are more frequently or less frequently administered.

Steady state is important because this is when blood
levels are reasonably stable across the course of the dosing
interval. So, if blood levels are ordered, they are ordered
only after steady state has been achieved. Of note, whereas
drug adverse effects may emerge early because of the sudden
exposure of the body to a new substance, adverse effects tend
to be clearly present only when a critical threshold, usually
related to blood level, is reached. The highest stable blood
levels are reached at steady state.

As abrief aside, readers may note that blood levels are not
uniformly level at steady state. They transiently peak as the
drug is absorbed after each dosing occasion and gradually
fall thereafter, reaching a trough just before the next dosing
occasion. Peaks and troughs at steady state are not far apart,
in units of concentration, which is why the term steady state
is used. For a fixed value of dose per day, the narrower the
dosing interval with divided dosing the narrower the gap in
blood levels between peak and trough. So, if carbamazepine
is administered in a dose of 600 mg/d, the gap between peaks
and troughs will be narrower if the drug is dosed at 200
mg thrice a day than if it administered as a single dose at
night. Thus, more frequent dosing is associated with less
fluctuation in steady state levels.

Whereas peaks in steady state levels may be associated
with drug adverse effects, troughs may be associated with
loss of efficacy. This is why anticonvulsant levels are assessed
during troughs; blood for testing is drawn just before the
next dosing occasion.

Half-Life and Washout

Consider a drug that displays linear or first-order
pharmacokinetics; that is, blood levels increase in proportion
to the dose and decrease in proportion to the concentration.
Returning to the definition of half-life as the time required
for the blood level to drop by half, if the steady state blood
level of a drug with linear pharmacokinetics is considered to
be 100%, then, if the drug is suddenly withdrawn, its level
will drop to 50% after the first half-life, to 25% after the
second half-life, to 12.5% after the third half-life, to 6.25%
after the fourth half-life, and to 3.125% after the fifth half-life

(Figure I). In other words, after 5 half-lives, a'drugis for all
practical purposes washed out of the body. By reverse logic,
it takes 5 half-lives for a drug to reach steady state.

From the above, it is clear that drugs with short half-lives
reach steady state quicker and are washed out sooner, and
drugs with long half-lives reach steady state more slowly
and take longer to wash out. Reaching steady state sooner
has the potential benefit of reaching therapeutic levels more
quickly, and reaching washout sooner has the potential
benefit of getting rid of adverse effects more quickly. With
most drugs in psychiatry, though, short half-lives do not
necessarily translate into earlier benefits, and where higher
levels need to be attained sooner than can be attained by
waiting for 5 half-lives, this is achieved by administering
higher initial (loading) doses, or by crowding earlier
doses and then spacing them out into the recommended
dosing intervals. Such a strategy is followed, for example,
with the long-acting antipsychotic injection paliperidone
palmitate.?

A shorthalf-life is often problematic with neuropsychiatric
medications because rapid washout can be associated with
drug withdrawal symptoms as with benzodiazepines or with
drug discontinuation syndromes as with antidepressants.
This is why, for example, short-acting benzodiazepines
such as alprazolam and lorazepam are more difficult to
discontinue than long-acting benzodiazepines such as
diazepam and clonazepam.*

Parting Notes

Not all drugs have a half-life. Some, such as alcohol,
follow zero order kinetics. That is, they are metabolized at
a fixed rate regardless of how much of the drug is present in
the body. In the case of alcohol, this can range from a low of
4-5 g/h in persons with liver disease or malnutrition to 6-8
g/h in healthy persons who consume moderate quantities
of alcohol under nonfasting conditions to 12-17 g/h in
alcoholics undergoing detoxification or after heavy bouts
of drinking.*!

Predicting drug elimination based on half-life can go
awry when very high doses of drugs are used,* as in the case
of fluoxetine and the treatment of obsessive-compulsive
disorder and when drugs are consumed in overdose; in the
latter circumstance, saturation of metabolism may be the
explanation.*’
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