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ABSTRACT
Introduction  Opioids are deemed essential medicines 
by the World Health Organization (WHO). However, many 
countries have inadequate access to them. Whether 
including opioids in national essential medicines lists 
(EMLs) influences national opioid consumption has not 
been evaluated.
Methods  We conducted a cross-sectional study to 
determine whether the listing of opioids in national 
EMLs was associated with consumption. We quantified 
the numbers and types of all opioids included in 137 
national EMLs, for comparison with opioids in the WHO’s 
Model List of Essential Medicines. Using the International 
Narcotics Control Board (INCB) consumption statistics for 
2015–2017, we assessed the relation between annual 
mean opioid consumption (mg/person) and the numbers of 
opioids included in EMLs, controlling for region, population, 
healthcare expenditure, life expectancy, gross domestic 
product, human development and corruption.
Results  Five opioids were included in the 20th edition 
of the WHO’s Model List of Essential Medicines: codeine, 
fentanyl, loperamide, methadone and morphine. On 
average, countries’ lists included significantly (p<0.05) 
more opioids than the WHO’s Model List. However, there 
were wide variations in the numbers (median 6 opioids; 
IQR: 5–9) and types (n=33) of opioids included in national 
EMLs. Morphine (95%), fentanyl (83%) and codeine 
(69%) were the most commonly included opioids. Most 
national EMLs were out of date (median publication 
date: 2011, IQR: 2009–2013). After adjusting for country 
characteristics, there was no relation between mean opioid 
consumption and the number of opioids in EMLs.
Conclusions  Including opioids in national EMLs was not 
associated with consumption. National EMLs should be 
regularly updated to reflect the availability of opioids and 
the populations’ needs for managing pain.

INTRODUCTION
Opioids are essential in managing pain, and 
other symptoms frequent in palliative care, 
opioid dependence and diarrhoeal diseases.1 
Since the publication of its first list in 1977, 
WHO has included opioids in its Model List 
of Essential Medicines.2 Medicines selected by 
the WHO for inclusion in its Model List are of 

‘utmost importance, and are basic, indispen-
sable and necessary for the health needs of 
the population.’2 WHO encourages govern-
ments to adopt and adapt the WHO’s Model 
List to meet the needs of their populations.

Currently, 137 countries (70% of 195 coun-
tries) serving more than 5 billion people 
have essential medicines lists (EMLs).3 
Countries that implement the WHO’s EMLs 
policies have improved the quality of usage 

Key questions

What is already known?
►► WHO deems opioids as essential for managing pain, 
palliative care, anaesthesia and opioid dependence.

►► WHO encourages countries to adopt and adapt the 
WHO’s Model List of Essential Medicines to identify 
national essential medicines lists (EMLs) to meet the 
priority health needs of their populations.

►► Studies have not explored the relation between list-
ing opioids in EMLs and consumption.

What are the new findings?
►► National EMLs included a median of 6 (IQR: 5–9) 
opioids.

►► Lists included significantly more opioids than the 
five opioids (ie, codeine, fentanyl, loperamide, meth-
adone and morphine) in the WHO’s Model List of 
Essential Medicines.

►► Morphine, fentanyl, codeine, pethidine and tramadol 
were the most commonly included opioids in lists.

►► After adjusting for country characteristics, there was 
no relation between the number of opioids in EMLs 
and mean opioid consumption.

What do the new findings imply?
►► Simply putting an opioid in an EML may not increase 
supply or change prescribing habits, which ques-
tions the usefulness of current EMLs in extending 
the accessibility of the most important medicines 
such as opioids.

►► Revisions of current lists to reflect the availability 
of opioids and the populations’ needs for managing 
pain, palliative care, anaesthesia and opioid depen-
dence would be timely.
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of medicines.4 However, studies have highlighted 
considerable variation in the numbers and types of 
medicines included in EMLs.5 6 Researchers have eval-
uated the inclusion of medicines for neuropathic pain 
in national EMLs.6 However, this analysis only included 
four opioids (ie, tramadol, morphine, methadone and 
oxy-codone) and focused on low-income and middle-
income countries.6 It is now recognised that adoption of 
a list of essential medicines could be beneficial in high-
income countries, to reduce suboptimal prescribing 
and improve the affordability of essential medicines.7 8 
However, the numbers and types of all opioids included 
by all countries with national EMLs have not been inves-
tigated. Nor is it known how the number of opioids 
included in a list is related to consumption.

The central aim of this study was to determine whether 
the listing of opioids in national EMLs is associated 
with consumption, as a proxy measure of accessibility, 
where consumption refers to the medical use of opioids 
and excludes recreational use. We also quantified the 
numbers and types of opioids in 137 national EMLs, 
for comparison with the WHO’s Model List of Essential 
Medicines.

METHODS
Study design and data sources
We designed and conducted a cross-sectional obser-
vational study following the publication of the Global 
Essential Medicines (GEM) database9 and on receiving 
updated data from the International Narcotics Control 
Board (INCB)10 in August 2019. The protocol for our 
study is openly available on the Open Science Framework 
(OSF; https://​osf.​io/​385hx/).11

The International Narcotics Control Board (INCB), an 
independent body of the United Nations (UN), monitors 
implementation of international drug control conven-
tions, including the Single Convention on Narcotic Drugs 
of 1961, which requires governments to report annual 
statistics on narcotic consumption relating to controlled 
drugs.12 Consumption refers to the total amount of a 
narcotic that is distributed for medical purposes at the 
retail level (ie, to institutions and programmes that are 
licensed to dispense to a patient). We received data from 
2015 to 2017 in kg and removed 27 non-opioid substances 
(eg, cannabis, coca leaf and cocaine) to create a dataset 
of all opioids consumed. The included and excluded 
substances are listed in online supplemental box S1. We 
calculated a 3-year annual mean for each country with 
an EML. We adjusted for population size using 2016 data 
from the WHO Global Health Observatory13 to create 
a rate (ie, mean consumption in mg per person), see 
online supplemental box S2 for a sample calculation.

The GEM database was developed by Persaud et al in 
June 2017, by extracting all medicines listed by all coun-
tries with a national EML from the WHO’s repository, as 
previously described,5 and all medicines listed in the 20th 
edition of the WHO’s Model List of Essential Medicines1, 

which was the most up to date list published at the time 
the GEM database was created. In June 2019, WHO 
published the 21st edition of their Model List but there 
were no opioids added to the list,14 and thus, we used 
the 20th edition to be consistent with the GEM database. 
The medicines included in the database are coded using 
the Anatomical Therapeutic Classification (ATC) index. 
Two authors (GCR and JKA) independently searched 
the ATC index to create a list of opioids, compared their 
lists, discussed discrepancies and agreed on a master list 
of ATC codes for opioids; see online supplemental table 
S1. We used the ATC codes and medicine names in the 
master list to search for opioids in the GEM database for 
every country (n=137) with an EML.

Opioids included in EMLs
We identified the numbers and types of opioids included 
in the 20th edition of the WHO’s Model List of Essen-
tial Medicines,1 which was current when we began this 
study. We summed the number of opioids and identified 
the types of opioids for all countries with a national EML 
(n=137, 70% of 195 countries as defined by the UN15). 
We calculated the median and IQR for the number of 
opioids in EMLs. We calculated the percentage of opioids 
listed as a total of all included medicines, and compared 
countries’ lists with the WHO’s Model list using a one-
sample z-test and a significance level of 0.05. For each 
country, we calculated the numbers of opioids that were 
the same as or different from the WHO’s Model List to 
create percentages of similarities and differences.

Relation between opioid consumption and listing opioids in 
EMLs
We extracted geographical region, population, health-
care expenditure per capita (US$), life expectancy at 
birth (in years) for all sexes, gross domestic product 
(GDP) per capita, the human development index and 
the corruption perception scores for each country with 
an EML from web pages outlined in online supplemental 
table S2. The assumptions for untransformed linear 
regression were not met. Thus, we used a square root 
transformation of the dependent variable (ie, opioid 
consumption in mg/person), which improved the model. 
We conducted two multivariable analyses. In the first, we 
adjusted for GDP per capita and health expenditure per 
capita, as these variables had the least amount of missing 
data (n=133). In the second analysis we adjusted for all 
country characteristics. We conducted a sensitivity anal-
ysis by removing extreme outliers.

Statistical software and data access
We used Stata V.1616 for all statistical analyses and pandas 
and plotly modules in Jupyter Notebooks with Python v3 
for choropleth maps. Our protocol, study materials, data 
and statistical code are all openly available on the OSF 
(https://​osf.​io/​385hx/)11 and GitHub (https://​github.​
com/​georgiarichards/​opioid_​emls_​maps). We used The 
Strengthening the Reporting of Observational Studies in 
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Epidemiology (STROBE) reporting guidelines to write 
our manuscript; see the online supplemental 1 for the 
completed checklist.

Protocol deviations
We used INCB data from 2015 to 2017 instead of 2014 to 
2016, as we obtained the most up-to-date data before we 
started the analysis (August 2019). We could not convert 
consumption from volume (ie, kg) to morphine equiva-
lents, because potency ratios are not available for all types 
of opioids included in our analysis. We did not conduct 
regression analyses for individual types of opioids as there 
were missing data; for example, only 73 countries (53%) 
with EMLs reported consumption data for oxycodone; 
see online supplemental table S3.

Patient and public involvement
We involved three patients who have chronic pain and 
experience of taking opioids and other medicines for 
pain at the analysis phase of our research. Lead author 
(GCR) presented the preliminary findings to the patients 
during a formal face-to-face patient and public involve-
ment meeting in December 2019. Patients provided 
suggestions for final analyses, the presentation of results, 
and the dissemination plans for our research. Preliminary 
findings were also presented to stakeholders at the inau-
gural Global Essential Medicines Meeting in November 
2019 in Toronto, Canada, which included members of 
the WHO’s Expert Committee on the Selection and Use 
of Essential Medicines. All stakeholders will be involved 
in the dissemination of our research.

RESULTS
Opioids listed in the WHO’s Model List of Essential Medicines
The 20th edition of the WHO’s Model List of Essen-
tial Medicines included five opioids: codeine, fentanyl, 

loperamide, methadone and morphine; see online 
supplemental table S4. The included opioids account 
for 1.4% of all medicines listed in the WHO’s Model 
List.

Opioids listed in national EMLs
EMLs included a median of six opioids (IQR: 5–9). 
Slovakia included the most opioids (n=19) while 
Cambodia did not include any (see figure 1 and online 
supplemental table S5). There were 33 different opioids 
included in national EMLs (see figure  2 and online 
supplemental table S6). The most commonly included 
opioid was morphine (95%), followed by fentanyl 
(83%), codeine (69%), pethidine (65%) and tramadol 
(62%) (see figure 2). The median publication date for 
EMLs was 2011 (IQR: 2009–2013; range: 2001–2017); 
(see online supplemental table S5).

Comparison of national EMLs with the WHO’s Model List
Countries with EMLs included significantly more 
opioids (z=6.33, p<0.05) as a percentage of all medi-
cines than the WHO’s Model List. Ninety-five per cent 
of countries included morphine, 83% listed fentanyl, 
69% codeine, 61% loperamide and 41% methadone 
(see figure  3). Most countries (98.5%) included at 
least one opioid recommended by the WHO, except 
for Cambodia, which listed no opioids, and Somalia 
which only listed pethidine. Eighteen per cent of coun-
tries (25 of 137) included all five opioids (ie, codeine, 
fentanyl, loperamide, methadone and morphine) 
included in WHO’s Model list (see online supple-
mental figure S1). There were also a number of opioids 
included in national EMLs that were not included in 
the WHO Model Lists (see online supplemental figure 
S2).

Figure 1  Number of opioids included in national essential medicines lists (EMLs) grouped by nine quantiles. There were 137 
countries with EMLs; countries in light grey did not have an EML.
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Relation between consumption and the number of opioids in 
EMLs
Countries with EMLs consumed a median of 2 mg/day 
(IQR: 0.13–6.8 mg/day) of opioids between 2015 and 
2017. There was a wide range in consumption (range: 
0–97.9 mg/day) with most countries (93%, 128 of 137) 
consuming less than 20 mg/person of opioids, and 17% 
of countries (23 of 137) reporting no opioid consump-
tion. Countries that did not report consumption included 
a median of 5 opioids (IQR: 3–7; range: 0–12 opioids) 

in their national EML. In the univariable analysis, there 
was a positive and significant association between mean 
opioid consumption and the number of opioids listed 
in national EMLs (unadjusted coefficient: 0.172, 95% CI 
0.086 to 0.258, p<0.0001, table 1) but not after adjusting 
for GDP and healthcare expenditure (adjusted coeffi-
cient: 0.045, 95% CI −0.022 to 0.111, p=0·187, table  1) 
or all country characteristics as summarised in online 
supplemental table S7 (coefficient: 0.0109, 95% CI 
−0.0087 to 0.0305, p=0.271, table  1). In a sensitivity 

Figure 2  Types of opioids (n=33) included in 137 national essential medicines lists ordered from most common to least.

Figure 3  The five opioids in the WHO’s Model List of Essential Medicines and the number of countries that included the five 
opioids in their national essential medicines lists.
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analysis, removing the highest income country Sweden, 
the relation did not change. Figure 4 illustrates the rela-
tion between opioid consumption and the number of 
opioids included in EMLs before transformation; online 
supplemental figure S3 illustrates the relation after the 
transformation.

DISCUSSION
After adjusting for country characteristics, the number 
of opioids included in EMLs was not associated with the 
consumption of opioids. There are wide variations in the 
numbers and types of opioids included in national EMLs. 
Countries included significantly more opioids than the 
WHO Model List of Essential Medicines, whichincluded five 
opioids: morphine for anaesthesia; codeine, fentanyl, meth-
adone and morphine for pain and palliative care; loper-
amide for diarrhoeal symptoms; and methadone for opioid 
use disorders. In national EMLs, morphine, fentanyl and 
codeine were the most common opioids included.

The purpose of EMLs, as originally stated by WHO in 
1977, was to improve health, reduce costs of medicines, 
and extend the accessibility of the most necessary medi-
cines to populations whose basic health needs could not 
be met by the existing supply system.2 The absence of a 
relation between the number of opioids in EMLs and 
consumption questions the usefulness of current EMLs in 
enabling access ‘at all times, in adequate amounts, and in 
the proper dosage forms’, as originally stated.2 However, 
most lists were out of date and most countries had low or 
no consumption of opioids. There may be other factors 
which influence this relation, such as cost implications 

imposed by EMLs, patchy implementation of lists, phar-
maceutical interests that push more medicines into EMLs 
and restraints in the healthcare system on where and how 
medicines are prescribed, and by whom.17–21 However, 
these factors have not been explored in relation to 
opioids. Thus, future research should evaluate the func-
tion of EMLs in extending the accessibility of essential 
medicines like opioids in practice.

After the development of the first Model List of 
Essential Medicines, WHO encouraged countries to 
select medicines that meet the health priorities of their 
populations. Therefore, variations between countries is 
expected. However, including 19 different opioids, all 
with complex pharmacology, as found in Slovakia’s EML, 
or not including any opioids as found in Cambodia’s 
EML, may not adequately reflect differences in the health 
needs of those populations. Importantly, Cambodia has 
experienced recent outbreaks of HIV due to unsafe use 
of recreational opioids,22 and is a major transit route for 
exporting heroin,23 which may impact policies, access 
to pharmaceutical opioids, and health services in these 
regions. Future research could explore reasons for wide 
variations in the numbers and types of opioids included 
in national EMLs, and the reasons for adding or removing 
opioids in individual countries and regions.

Many advantages to using a central list of essential 
medicines have been identified. These include a reduc-
tion in the number of pharmaceutical products to be 
purchased, stored, analysed and distributed; an improve-
ment in the quality of medicine utilisation, manage-
ment, information and monitoring; stimulation of local 

Figure 4  Scatter plot of the relation between annual mean opioid consumption (mg/person) for 2015–2017 and the number of 
opioids included in national essential medicines lists (EMLs) for 137 countries. Each country is represented by a symbol for its 
geographical region. After adjusting for country characteristics, there was no relation between consumption and the number of 
opioids in EMLs (coefficient: 0·0109, 95% CI: −0.0087 to 0.0305, p=0.271).
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pharmaceutical companies; assistance to low-income and 
middle-income countries in urgent need of high-priority 
medicine programmes to extend their primary health-
care provisions.2 4 WHO encourages countries to make 
the selection of essential medicines to be a continuing 
process that takes into account changing public health 
priorities, epidemiological conditions, progress in phar-
macological and pharmacovigilance systems.2 We found 
that many lists were a number of years out of date based 
on the available information. Thus, revision of current 
EMLs to reflect such changes would be timely.

Limitations
The INCB and GEM databases do not specify formulations 
or dosage, and it is not possible to elucidate the clinical 
use of opioids consumed or included in EMLs. Thus, 
we recognise that medicines included in EMLs indicate 
nominal availability and thus caution is warranted when 
interpretating medicines on or absent from EMLs. Many 
high-income countries who consume most of the world’s 
opioids24 do not have EMLs, and therefore our regression 
model is not generalisable to all countries. Although our 
regression model was adjusted for a number of country 
characteristics, it is possible we may have missed some 
other important confounders. Consumption statistics are 
not reported to the INCB for opioids that are not regulated 
as internationally controlled substances (eg, tramadol and 
buprenorphine). Data reported to the INCB may also be 
late, unreported, or submitted inaccurately, as previously 
described.25 26 The effects of different types of opioids vary 
by weight, which morphine equivalent conversion would 
account for, if accurate conversion were possible. We meas-
ured consumption using weight in mg adjusted for country 
population, as conversion factors for morphine equiva-
lents, and defined daily doses (DDDs) are not available for 
all opioid substances included in our analysis. Thus, our 
findings may be less comparable to most previous research 
on opioid consumption that uses DDDs.

CONCLUSIONS
The number of opioids in lists was not associated with 
consumption, which questions the usefulness of current 
EMLs. The numbers and types of opioids included in 137 
national EMLs differ from the WHO’s Model List and 
vary between countries. Governments should consider 
updating their lists to reflect national availability of 
opioids and their population’s needs for managing pain, 
symptoms frequent in palliative care, opioid dependence 
and diarrhoeal diseases.
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