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Should Codeine Still Be Considered a WHO Essential Medicine?
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ABSTRACT -- Codeine continues to be widely used as an analgesic, antidiarrhoeal and antitussive agent. Its
analgesic effect depends on its biotransformation to morphine, a strong opioid. The highly variable
biotransformation of codeine to morphine, catalysed by CYP2D®6, underlies the pronounced interindividual
variability of its analgesic response. Randomized controlled trials have demonstrated that codeine administered
alone has the poorest analgesic effect among all commonly used analgesics in acute postoperative pain.
Moreover, it is highly unlikely that the low dose of codeine contributes to the pain-relieving effect of the non-
opioid component in combination analgesic products. In addition, there is a lack of reliable clinical evidence
to support the use of codeine as an antitussive in acute or chronic cough. Codeine use, through its active
metabolite morphine, has the potential to lead to abuse and dependence. The World Health Organization
(WHO) removed codeine from the essential medicines list for children in 2011. Based on the available
information in the scientific literature on the efficacy and safety of codeine, the WHO should seriously consider
removing it also from the list of essential medicines for adults, which would be a strong signal for all health
professionals to prescribe and dispense codeine with the utmost caution.

INTRODUCTION to morphine, a strong opioid agonist, that binds to
the p-opioid receptor with a 200-fold greater
Codeine (3-methyl-morphine) is an alkaloid first affinity than codeine [5,6]. Codeine is eliminated
isolated from the dried latex of the seed capsules of by metabolism (Fig. 1) [3,7]. The main elimination
the opium poppy, Papaver somniferum [1]. pathway (approximately 80%) is glucuronidation
Although, strictly speaking, codeine (as well as to codeine-6-glucuronide. A highly variable
morphine) is an opiate because it is derived from amount of codeine, approximately 0 to 10%, is
the resin of the opium poppy, in this review the biotransformed to morphine, which is further
term opioid will be generally used for all agents metabolised to morphine-3-glucuronide,
that have the functional and pharmacological morphine-6-glucuronide, and normorphine [3,5].
properties of an opiate. Codeine is one of the most Codeine-6-glucuronide has been shown to have
widely available and consumed opioids worldwide, low affinity for the p-opioid receptors and
and is most commonly used for its analgesic, analgesic activity in rats similar to that of codeine
antitussive and anti-diarrhoeal properties [1,2]. [5,6,8,9]. Codeine is also metabolised by an
Although generally viewed as a “weak” opioid, it unknown mechanism to hydrocodone, an opioid
has the potential for abuse leading to physical and with antinociceptive and euphoric properties
psychological dependence. In addition, high similar to those of morphine, but the quantities
pharmacogenetic variability in the metabolism of recovered in urine are very small (< 0.5% of the
codeine seriously complicates its effective and safe administered codeine dose) [10]. Morphine-6-
use [3]. Here, various arguments will be presented glucuronide is a strong opioid agonist with higher
why codeine should no longer be maintained on the affinity for the p-opioid receptor than morphine
WHO (World Health Organization) List of itself, and together with morphine contributes to
Essential Medicines [4]. the analgesic activity following codeine
administration [11]. Consequently, classifying
THE BIOACTIVATION OF CODEINE TO codeine as a “weak” opioid is misleading because
MORPHINE IS HIGHLY VARIABLE the analgesic activity following its administration
o ] is largely, if not entirely, mediated by its
Codeine is a prodrug that only weakly binds to the metabolites, morphine and morphine-6-
u-opioid receptor (Table 1). Its analgesic properties glucuronide, which are strong opioids [3,7].
are generally believed to result from the conversion The highly polymorphic cytochrome P450
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isoenzyme CYP2D6 is responsible for the
metabolism of codeine to its active metabolite
morphine [3]. The activity of CYP2D6 is under
genetic control and individuals can be categorized
as poor, intermediate, extensive, or ultra-rapid
metabolizers [3]. CYP2D6 allele frequencies vary
considerably across ethnic groups. The prevalence
of the ultra-rapid metabolizer varies widely and has
been estimated at 0.5 to 1% in Chinese and
Japanese, 1 to 10% in Caucasians, 3% in African
Americans, and 16 to 30% in North Africans,
Ethiopians, and Arabs [3,12]. Patients who are
CYP2D6 poor metabolizers will have no analgesic
effect after codeine administration but may suffer
adverse effects from codeine [13]. In contrast,
ultra-rapid metabolizers are able to metabolize a
higher fraction of the codeine dose to morphine,
and even at normal codeine doses, these patients
may experience the symptoms of morphine
overdose, which include extreme sleepiness,
confusion, and shallow breathing due to CNS
depression [3]. Consequently, the use of codeine
should be avoided in poor metabolizers due to the
lack of efficacy, and in ultra-rapid metabolizers due
to the high risk of serious toxicity. In practice, this
means that without prior genotyping/phenotyping
of the patient the safe and effective use of codeine
is not possible [3]. The genotype of the patient, the
renal function, and drug interactions have been
shown to be significantly associated with codeine
related hospitalizations and death [14,15].

PHARMACOTHERAPEUTIC VALUE OF
CODEINE

Codeine has poor and unpredictable analgesic
efficacy

An overview of 39 separate Cochrane reviews on
54 different oral analgesic products, including
single analgesic component products at different
dose strengths, as well as fixed dose combinations
of commonly used analgesics, showed that codeine
60 mgq is by far the least effective analgesic to treat
moderate to acute post-operative pain in adults
[16]. For the 54 different oral analgesic products
that were tested using a randomised, double-blind,
placebo-controlled trial, the number of patients
needed to treat (NNT) to have one patient with at
least 50% pain relief over 4 to 6 hours, varied from
1.5 to 12. Seventy eight percent of the analgesic
products (i.e., 42 of the 54 products) had an NNT
of less than 4; codeine (60 mg) had an NNT of 12.
Very likely, the approximately 10% of patients in
whom a 60 mg dose of codeine reduces the pain by
50%, are those who transform a sufficient fraction
of the codeine dose into morphine.

Table 1. Inhibition constants (K;) of codeine and its
main metabolites for the binding of the highly specific
u-opioid receptor ligand 3H-DAMGO [4]. The lower the
K, the higher the affinity for the p-opioid receptor.

Substance Ki (nM)
norcodeine 367
codeine 248
codeine-6-glucuronide 239
morphine-3-glucuronide 37
hydrocodone 20
morphine 1.2
morphine-6-glucuronide 0.6

A Cochrane review on the efficacy of a single
oral administration of paracetamol plus codeine in
acute post-operative pain in adults was carried out
including data from 26 studies on a total of 2295
participants [17]. A significant analgesic response
vs. dose was observed with NNTs of 2.2 for 800 to
1000 mg paracetamol plus 60 mg codeine, 3.9 for
600 to 650 mg paracetamol plus 60 mg codeine,
and 6.9 for 300 mg paracetamol plus 30 mg
codeine. Interestingly, in 14 of the studies (926
participants) paracetamol plus codeine was
compared to the same dose of paracetamol alone;
addition of codeine increased the proportion of
participants achieving at least 50% pain relief by
only 10 to 15%. In three studies (204 participants)
of another Cochrane review assessing the analgesic
efficacy of the combination of ibuprofen 400 mg
plus codeine (25.6 mg to 60 mg), 69% and 55% of
the participants had at least 50% maximum pain
relief with ibuprofen plus codeine (any dose) or the
same dose of ibuprofen alone, respectively, but the
result was barely significant [18].

Numerous combination analgesic products
containing a low dose of codeine (less than 30 mg
codeine phosphate) are marketed and are still
available over the counter (OTC) in certain
countries. Most of these products contain 8 to 15
mg codeine phosphate and no reliable clinical
studies can be found in the literature demonstrating
the contribution of codeine to the analgesic
efficacy of these OTC combination products. Since
all patients, with the exception of CYP2D6
ultrarapid metabolizers, will convert less than 10%
of the oral codeine dose into morphine, less than
1.1 mg morphine will be formed in vivo after oral
administration of 15 mg codeine phosphate [15].
For example, the mean intravenous dose of
morphine for post-surgical pain relief has been
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Figure 1. Simplified codeine metabolic scheme. UGT2B7, UDP-glucuronosyltransferase 2B7; CYP3A, cytochrome P-
450 3A subfamily; CYP2D6, cytochrome P-450 2D6 isoenzyme. Percentages shown indicate the approximate conversion

to a particular metabolite.

shown to be approximately 10 mg [19]. It is,
therefore, unlikely that the codeine component, via
its biotransformation to morphine, will contribute
to the analgesic effect of OTC combination
analgesic products even in moderate pain, not only
in CYP 2D6 poor and intermediate metabolizers
but also in CYP2D6 rapid metabolizers [3]. This is
supported by a recent systematic review and meta-
analysis on the efficacy and safety of low-dose
codeine combination analgesic products [20].

Several studies have implicated opioids,
including codeine, in the development of
medication  overuse headache, an often
unrecognised condition which affects 1 - 2% of the
global population [21,22]. Even though opioids are
generally not recommended for headache treatment
because of their limited potential for pain relief
from headache and their abuse potential, in practice
they are still regularly used [23]. Several studies
have also shown that patients often self-medicate
to treat headaches, in some cases with OTC
preparations containing a low dose of codeine, or
by self-administering opioids prescribed for other
pain conditions they are suffering from.

Poor clinical evidence for the antitussive
efficacy of codeine

Despite the widespread use of oral codeine as
antitussive medication, there is very little clinical
evidence supporting its antitussive activity both in
children and adults [24-26]. The lack of sufficient
evidence to support the use of codeine has been
consistently reaffirmed by medical experts in
international chronic cough guidelines and by
governing medical and pharmaceutical authorities
in countries/regions like the USA, Europe, Canada,

New Zealand, and Australia. Due to the lack of
sufficient evidence to support efficacy, and the
known risks associated with its use, in particular
the increased risks for children, codeine is contra-
indicated in children less than 12 years of age, and
not recommended in adolescents (12 to 18 years)
with respiratory conditions.

Codeine as an anti-diarrhoeal agent

Opioids continue to be widely used in the treatment
of diarrhoea [27]. They act locally in the
gastrointestinal tract by disrupting
neurotransmission between enteric neurons and
their effector targets, i.e., smooth muscle cells and
epithelial cells, mediated principally through either
u- or -opioid receptors on enteric neurons [28].
Loperamide, which shows minimal penetration
into the CNS, is generally recommended over other
opioids, such as diphenoxylate and codeine, which
readily cross the blood-brain barrier and are,
therefore, more liable to generate adverse central
effects and cause physical dependency and drug
abuse. If codeine is used to treat diarrhoea, the
recommended dose is 15 - 60 mg three to four times
daily. Low-dose OTC combination analgesic
products should not be used to treat diarrhoea, due
to the risk of toxicity of the non-opioid analgesic,
e.g., paracetamol or ibuprofen.

CODEINE ABUSE AND ADDICTION

Codeine abuse and dependence are well
documented in the scientific literature [29].
Although the prevalence of codeine misuse/abuse
is largely unknown, the resultant effects, including
serious morbidity causing great cost to the health
care system, are well established [30]. One of the
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principal factors considered to contribute to
problematic codeine use is its availability in several
countries without a medical prescription. The
availability of codeine containing OTC products is
associated with public lack of awareness of its
misuse/abuse potential and associated health
problems. Surveys of pharmacy staff’s (registered
pharmacists and pharmacy assistants) perspectives
on the issue of codeine misuse/abuse in several
countries (Australia, Ireland, South Africa, UK)
have shown that most participants expressed the
view that codeine misuse/abuse is a significant
health problem [31,32]. A survey among
community pharmacists in Scotland showed that
codeine containing products were the most
frequently abused form of OTC medication [33].
An exploratory cross-sectional survey among
pharmacy customers revealed that 6% in Ireland,
13% in South Africa and 16% in England
purchased codeine-containing OTC products on a
weekly basis [34]. In addition, misuse/abuse of
OTC codeine analgesic combinations has been
shown to result in concomitant, serious
overconsumption of the non-opioid analgesic
component [29]. Promotion of the safe use of
codeine and management of its misuse is a public
health issue as reports of dependence are on the
increase [35].

THE WHO ANALGESIC LADDER

The WHO guidelines for the pharmacological
management of cancer pain are based on a
sequential approach, the so-called three-step
analgesic ladder, according to intensity of the pain:
starting with non-opioid analgesics for the
treatment of mild pain (step 1), and moving via
weak opioids such as codeine in mild-moderate
pain (step 1) to strong opioids in moderate-severe
(step 1) [36,37]. However, the usefulness of so-
called weak opioids like codeine and tramadol
(step 1) has been recently questioned [38-41].
Bandieri et al. showed that cancer patients with
moderate pain, titrated with normal-release oral
morphine up to 30 mg daily followed by slow-
release morphine, experienced an earlier and more
adequate level of pain relief compared with
patients treated with step Il weak opioids, i.e.,
codeine/paracetamol tablets (30 mg/500 mg),
tramadol/paracetamol (37.5 mg/375 mg), or
tramadol alone [41]. Eighty-one percent of the
patients treated with weak opioids in this study
were receiving up to 180 mg codeine and 4 g
paracetamol daily (3 g from the fixed dose
codeine/paracetamol combination plus 1 g rescue).
The European Association for Palliative Care

recommends a two-step analgesic approach as an
alternative to the WHO three-step analgesic ladder
[42]. Since the analgesic effect of codeine is the
result of its (highly variable) biotransformation
into morphine, it would indeed be rational to
replace it by a low dose of morphine, whose
pharmacokinetics and pharmacodynamics are far
more predictable than those of codeine.

CONCLUSIONS

Serious concerns over the safe and effective use of
codeine for pain relief in children have been
expressed for a number of years, and in 2011 the
WHO removed codeine from its list of essential
medicines for children [43-45]. Codeine has been
shown to lead to severe respiratory depression
especially in children and adolescents following
adenotonsillectomy and as a result its use is now
contra-indicated in children under 12 years [46,47].
Although codeine use is no longer recommended in
breastfeeding women due to potentially serious
CNS depression in the breastfed infant, there is
little convincing evidence of neonatal toxicity of
codeine and other opioids during breastfeeding
[48,49].

The false perception, by health professionals
and patients alike, that codeine is a “weak” opioid
and, therefore, safer than strong opioids such as
morphine and fentanyl, is undoubtedly
contributing to the continuing increase of its use
[2]. Codeine is not a “weak” opioid; it is a prodrug
of the strong opioids, morphine and morphine-6-
glucuronide. The highly variable and unpredictable
biotransformation of codeine into morphine
represents an additional challenge, and therefore,
administering codeine is like administering a
highly unpredictable dose of a strong opioid. Most
experts agree that without prior
genotyping/phenotyping of the patient it is not
possible to determine the efficacious and safe
analgesic dose of codeine. In case a strong opioid
would be the first choice to treat the patient’s pain,
why not simply use morphine, or another strong
opioid, instead of codeine? In addition, it is also
fair to say that codeine is not an essential drug for
the treatment of diarrhoea (because of its abuse
potential), nor for the treatment of acute or chronic
cough (where it is basically ineffective).

In some countries, low-dose codeine
combination analgesic products are still available
without prescription. There are no scientifically
based arguments to keep low dose codeine
combination analgesic products on the market.
They are not effective in most patients but may
represent a serious toxicity risk when misused or
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abused. Moreover, applying the principles of
evidence-based medicine, and carefully weighing
the benefits against the drawbacks, there is also no
reason to still use codeine as a single analgesic
product to treat pain symptoms. Where an opioid
analgesic is indicated, codeine can be rationally
replaced by morphine. The WHO Model List of
Essential Medicines defines an essential medicine
as being “the most efficacious, safe and cost-
effective medicines for priority conditions” [4].
Even though codeine is an affordable medicine, it
is far from the most efficacious and safe analgesic
available on the market. Based on the available
pharmacological and clinical evidence, the WHO
should seriously consider removing codeine also
from the adult list of essential medicines. This
would give a strong signal to all health
professionals to only prescribe and deliver codeine
with the utmost caution.
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