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A B S T R A C T

Background: Opioid analgesics play a key role in pain management but providing access while mitigating risk
of misuse and dependence remains a challenge. Tracking global consumption of all opioids over time can
help identify emerging patterns and drivers of use.
Methods: Prescription opioid analgesic consumption was estimated for 76 countries between 2009 and 2019
using IQVIA MIDAS data. We reported country-level consumption trends in morphine milligram equivalents
(MMEs), assessed differences in consumption between high-income (HICs), upper-middle income (UMICs),
and low- and lower-middle income countries (LMICs), and identified country-level socioeconomic drivers of
consumption using fixed-effects panel regression models.
Findings: Global opioid consumption rate declined from 216¢3 to 151¢5 morphine milligram equivalents per
1,000 inhabitants per day (MID) between 2009 and 2019, with consumption declines in the US and Germany.
Overall, consumption rates increased in HICs by a median 36¢6 MID (IQR, -7¢5 -124¢5) with substantial het-
erogeneity between countries. Median consumption rates were lower in UMICs (23¢6 MID) and LMICs (8¢3
MID) compared to HICs (345¢1 MID) and increased by median 10¢4 and 3¢7 MID from 2009-2019, respec-
tively. Consumption rates were associated with income (coefficient 18¢84, 95% confidence interval 3¢8-33¢9)
and trade (13¢59, 1¢3-25¢8) in UMICs, and physician density (1¢95, 1¢2-2¢7) in LMICs. Tramadol consumption
rate increased in the study period and accounted for a relatively large proportion of total opioid volume con-
sumed across all country-income groups.
Interpretation: Substantial heterogeneity in global opioid consumption patterns reflect the challenges
involved with providing adequate access to opioid treatment while avoiding potential misuse.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
ughton Street, London WC2A
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1. Introduction

Pain is recognised as a global health problem affecting an esti-
mated 20% of adults [1]. Untreated pain, especially chronic pain, has
significant physical, psychological, social and economic consequen-
ces, and a profound impact on quality of life [2]. While there is a high
prevalence of pain in high income countries, [1,3,4] the burden of
untreated pain falls heavily on the developing world [5,6]. Opioids
are used to treat moderate to severe pain with evidence supporting
short-term efficacy [7] and they have been considered essential for
pain management by the World Health Organisation (WHO) since
1986 [2]. However, there are well documented risks associated with
opioid medication including misuse, dependence (opioid use disor-
der) and deaths due to overdose [7,8]. From 1999 to 2011, the opi-
oid-analgesic poisoning death rate in the US nearly quadrupled due
to misuse and abuse of prescription opioid analgesics [9]. Although
this problem was most acute in the US, other countries like Canada,
Sweden, Norway, Ireland, and the UK also saw a surge in opioid-anal-
gesic poisoning deaths, indicative of a growing health crisis driven by
opioid addiction and misuse [10].

The opioid crisis of the 2000s challenged attitudes towards pain
management, prompting several countries to develop regulatory
measures and recommendations to limit the consumption of opioids,
including the establishment of dosage and duration thresholds, the
removal of select opioid drugs from drug schedules, the implementa-
tion of prior authorisation requirements by payers, the increase in
availability and accessibility to non-opioid pain treatment, and the
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Research in context

Evidence before this study

Prior to undertaking the analysis, a rapid review of the litera-
ture was conducted to survey existing evidence on global opi-
oid analgesic use. Relevant publications included nine studies
that compared opioid consumption between a limited number
of countries and reports from the International Narcotics Con-
trol Board (INCB), Organisation for Economic Cooperation and
Development, and the European Monitoring Centre for Drugs
and Drug Addiction.

Added value of this study

Our study is the first to assess the global consumption of all pre-
scription opioid analgesics using a pharmaceutical sales data-
base. We find that the consumption rate of opioids not tracked
by the INCB such as tramadol has increased over the study
period and account for a relatively large proportion of the total
opioid volume consumed. The association between the opioid
consumption rate and country-level socioeconomic factors var-
ied by country-income group.

Implications of all the available evidence

This study underscores how evaluating the global consumption
of all prescription opioid analgesic products allows for a better
understanding of patterns of use to support formulating inter-
national guidelines for the management of pain. The growing
consumption of opioids not scheduled by international conven-
tions must be carefully monitored to ensure appropriate use.
However, the large gap between the level of opioid consump-
tion in high-income and low-income countries persists, so care
must be taken to avoid unintended consequences from any
restrictive measures.
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intensification of prescription monitoring [11]. Some of these meas-
ures had harmful unintended consequences resulting from the mis-
application of guidelines and sudden opioid discontinuation [12].
Concurrently, the WHO published guidelines to increase the accessi-
bility and availability of opioids in low- and middle-income countries.
However, these guidelines were retracted after the discovery that
experts involved in their development had conflicts of interest, and
because disputed evidence on the low-risk of developing opioid
dependence was originally included [13]. The uncertainty around
these guidelines and recommendations highlights the global chal-
lenge of getting pain management right; providing access to pharma-
ceutical treatments while also balancing concerns around opioid
misuse is difficult.

Global surveillance of country-level opioid use is essential to iden-
tify emerging patterns and drivers of consumption, assess country
and regional variations in use and inform global efforts to optimise
pain care while simultaneously minimising opioid-related risks. Pre-
vious efforts to assess opioid analgesic consumption globally have
relied on data collected by the International Narcotics Control Board
(INCB), based on information reported by government authorities on
opioids available for retail distribution, medical use or scientific
research [14�16]. However, there are some limitations to this data.
Only substances regulated by the Single Convention on Narcotic
Drugs are included in the INCB database [17]. The INCB invited gov-
ernments to report consumption data on psychotropic substances
through which it started receiving data on buprenorphine consump-
tion in 2016. However, governments have no obligation to report
these statistics and due to limitations in the data, the INCB does not
include buprenorphine consumption in their estimates of total opioid
consumption [18]. Therefore, the consumption of opioids such as tra-
madol, tapentadol, nalbuphine, and buprenorphine were excluded
from previous studies, which may underestimate the opioid con-
sumption rate. Emerging evidence has highlighted the risk of depen-
dency associated with opioids such as tramadol, and thus it is
important that global consumption analyses include these opioids
[19,20]. Additionally, it is not possible to identify the indication for
which opioids were used based on INCB data, so opioids used for
non-analgesic purposes (e.g., anaesthesia) are captured in consump-
tion estimates.

In order to address these limitations of previous efforts to esti-
mate global opioid consumption and to more comprehensively char-
acterise the global consumption patterns of all prescription opioid
analgesic products (referred to as opioid consumption throughout
this paper), including opioids not tracked by the INCB, we assessed
opioid analgesic sales data in hospital and retail settings for 76 coun-
tries. We reported on opioid consumption in morphine milligram
equivalents (MME) to allow equianalgesic comparisons from 2009 to
2019, a decade characterised by significant changes in pain manage-
ment. We evaluated changes in global patterns of opioid analgesic
use and identified socioeconomic drivers of consumption.

2. Methods

2.1. Data sources and outcomes

We used the IQVIA MIDAS database to obtain data on opioid con-
sumption. This database has been used previously to evaluate global
antibiotic consumption and the samemethodology is utilised by IQVIA
to collect data on opioid analgesics [21,22]. IQVIA MIDAS data is col-
lected in the supply chain, at the individual country level, predomi-
nately via shipments to dispensing locations such as pharmacies,
clinics and hospitals from wholesalers, distributors and manufacturers.
In some circumstances, data is collected as consumption in terms of
distribution to patients. The exact point of data collection varies by the
healthcare system and distribution model within each country. Over-
the-counter opioid sales are also captured by MIDAS. Most data are
collected electronically and reported monthly apart from a small num-
ber of countries that report data quarterly. We obtained quarterly sales
data in hospital and retail settings from 2009 to 2019 for 76 countries.
The data for French-speaking west Africa (Benin, Burkina Faso, Came-
roon, Chad, Côte d’Ivoire, Republic of Congo, Guinea, Mali, Niger, Sene-
gal, and Togo) and Central America (Costa Rica, El Salvador,
Guatemala, Honduras, Nicaragua, and Panama) were available as two
individual aggregated groups.

We had complete data for the entire study period for 73 countries
(Supplementary material Table S1). For Bosnia and Serbia, we had
data from 2011, and for Ukraine, from 2010 onwards. By sector, data
from the retail setting was available for all countries, and data from
the hospital setting was available for 49 countries. However, amongst
the 27 countries for which we did not have hospital sector data, the
retail sector accounted for more than 70% of the prescription opioid
market share in 21 countries (Supplementary material, Table S1).
Therefore, the missing data for the hospital sector is unlikely to sub-
stantially impact the opioid consumption rate estimates we calcu-
lated for these countries. However, to assess the sensitivity of our
findings to the missing hospital sector data, we used the retail sector
opioid consumption volume and the estimated opioid sales market
share of the retail and hospital sectors in each country (Supplemen-
tary material, Table S1) to impute the missing hospital sector opioid
consumption volumes.

We included all opioids used for pain management based on the
European Pharmaceutical Marketing Research Association (EphMRA)
Anatomical Therapeutic Chemical (ATC3) classification codes N2A
narcotic analgesics and N2B non-narcotic analgesics. We excluded
opioids used for opioid dependence treatment (classification code
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N7F). Because we were not able to distinguish use of methadone for
pain management from that for opioid substitution based on formu-
lation, we excluded methadone from the analysis. However, we pres-
ent the trends in global methadone consumption in the
supplementary material, Table S2 & Figure A1.

There is a wide range of opioids with different potencies. We use
morphine milligram equivalents (MMEs) as the consumption metric
for opioid analgesics because it measures the total morphine equiva-
lency exposure. MMEs account for the potency of the opioids con-
sumed, therefore stronger opioids will be emphasised more
compared to an alternative metric such as defined daily dose (DDD).
Sales were converted into MMEs by applying morphine equivalency
factors to unit volume for each unique molecule-formulation-
strength combination by calendar quarter. The morphine equivalency
factors are based on standards used by the Centers for Disease Con-
trol and Prevention (CDC), available from the CDC National Drug
Code and Oral MME File, in addition to other published conversion
factors in the literature [23,24].

Although it is likely that not all opioids sold are consumed, we
estimated opioid consumption as the total of sales expressed in
MMEs. Annual opioid consumption for each country was calculated
as total MMEs per year. A country’s annual consumption rate in
MMEs per 1,000 inhabitants per day was calculated using population
estimates from the World Bank DataBank [25]. Opioid consumption
was compared between groups of countries based on their 2014
World Bank income classification as high-income countries (HICs),
upper-middle income countries (UMICs), and low- and lower-middle
income countries (LMICs) [26].
2.2. Statistical analysis

The primary comparison evaluated differences in opioid con-
sumption in terms of: 1) absolute changes in the annual consumption
rate from 2009 to 2019 for each country; and 2) differences in the
median annual consumption rate trends across the three income
groups during the study period. We also evaluated the differences in
the consumption of individual opioids across the income groups as a
proportion of total opioids consumed. Country-level consumption
rate trends for the most consumed opioids globally were subse-
quently compared. Differences in trends were assessed using the
Wald chi-square test. All statistical testing was two-sides with an a
priori level of significance of P<¢05.

We used fixed-effects panel regression models for the three
income groups to estimate the association between annual opioid
consumption and country-level socioeconomic indicators. The panel
was indexed by country and year, where annual opioid consumption
in MME per capita was the outcome variable. The indicators were
chosen based on a previous analysis of global antibiotic consumption
and collected from the World Bank World Development Indicators
[21]. We included gross domestic product (GDP) per capita in current
international dollars converted by purchasing power parity (PPP)
conversion factor; imports of goods and services as a percentage of
GDP (measure of trade); physician density per 1,000 people; and the
proportion of the population living in urban areas (measure of health
care system access). Robust standard errors were clustered by coun-
try to account for serial correlation. Statistical analyses were per-
formed using R statistical software, version 3¢6¢2 (R Foundation).

Ethical approval was not required for this study and was con-
firmed by the National Health Service Health Research Authority
ethics review tool for health research in the UK.
2.3. Role of the funding source

The funding source had no role in any aspect of this study includ-
ing study design, data collection, analysis and interpretation, and the
decision to submit for publication. SJ, AC, MA and EM had full access
to the data and all authors decided to submit for publication.

3. Results

The global opioid consumption rate declined by 30% from 216¢3 to
151¢5 MME per 1,000 inhabitants per day (MID) between 2009 and
2019. The reduction in global consumption was primarily driven by
decreased opioid consumption in the US and Germany. In 2009, Ger-
many had the highest consumption rate (2649 MID), followed by the
US (2119 MID), and Canada (1645 MID) (Supplementary material,
Figure A2). The consumption rate declined by 58¢3% in Germany,
48¢0% in the US, and 36¢8% in Canada from 2009 to 2019 (Figure 1A
and Supplementary material, Table S3). In 2019, these three countries
were still among those with the highest consumption rates in the
world, but the UK had the highest rate (Figure 1B). However, there
was heterogeneity in the consumption rate among HICs, even
between the Group of Seven (G7) countries such as Japan (109 MID
in 2019), Italy (360 MID), and France (926 MID). Countries in the Ara-
bian Peninsula were among the HICs with the lowest opioid con-
sumption rates (Figure 1B).

Considerably lower opioid consumption rates were observed in
UMICs and LMICs. From 2009 to 2019, the median opioid consump-
tion rate in HICs was 345¢1[interquartile range (IQR), 73¢7 � 749¢5]
MID compared with 23¢6[IQR, 10¢6 � 46¢4] MID for UMICs, and 8¢3
[IQR, 4¢4 � 15¢1] MID for LMICs. Among UMICs, the highest consump-
tion rates in 2009 were observed in South Africa (142¢0 MID), Roma-
nia (73¢7 MID), and Lebanon (62¢5 MID) (Supplementary material,
Figure A2), and in 2019 the consumption rates in these countries
were still well below the rates observed among most HICs included
in the study (Figure 1B). The consumption rates were even lower in
LMICs where the highest opioid consumption rate observed in 2019
was 32¢7 MID (Ukraine) (Figure 1B).

Despite the sharp declines in the consumption rate observed in
countries like the US, Germany, and Canada, the opioid consumption
rate in HICs increased by a median of 36¢6 [IQR, -7¢5 � 124¢5] MID
from 2009-2019 (Figure 2). Spain, Portugal, Switzerland, the Nether-
lands, Poland, and Norway sharply increased their opioid consump-
tion rate between 2009 and 2019 (Figure 1A and Supplementary
material, Table S3). In contrast, the opioid consumption rate in UMICs
increased by a median of 10¢4 [IQR, 2¢5 � 15¢0] MID, and in LMICs,
the rate only increased by a median of 3¢7 [IQR, 0¢9 � 8¢1] MID. The
MME consumption rate trends from 2009 to 2019 significantly dif-
fered between LMICs, UMICs, and HICs [Wald chi-square test, HIC
and LMIC: chi2=55¢93; p value <¢001, HIC and UMIC: chi2=44¢99; p
value <¢001, UMIC and LMIC: chi2=44¢99; p value = 0¢003].

Oxycodone was the most consumed opioid based on MME volume
in HICs in 2019, representing 27¢3% of total opioid MME consumed
within this income group (Figure 3). Tramadol, codeine, and oxyco-
done were the most consumed opioids in UMICs in 2019, accounting
for 70% of total opioid MME volume consumed. Within LMICs, fewer
opioids were available compared to UMICs and HICs; in 2019, trama-
dol, tapentadol, and codeine accounted for 87¢7% of total MME con-
sumption in LMICs.

The median consumption rate for oxycodone, tramadol, and fen-
tanyl in the HIC group increased between 2009 and 2019 (Table 1).
Relatively high oxycodone consumption was observed in Scandinavia
with consumption rates in Sweden and Norway increasing by a mean
(SD) of 16¢7(10¢7) and 16¢0(7¢6), respectively, from 2009 to 2019, but
the US still had the highest oxycodone consumption rate in the world
(Figure 4A). Tramadol consumption rates steadily increased in several
European countries (Figure 4B) but notably, the rate steeply declined
in Germany at a mean (SD) of 155¢6 (269¢3) during the last decade.
Six European countries had the highest fentanyl consumption rates
in 2019, where sharp increases were observed in Spain and the Neth-
erlands over the study period (Figure 4C).



Figure 1. Global opioid consumption by country:2009-2019. (A) Change in the national opioid consumption rate between 2009 and 2019 in morphine milligram equivalents (MME)
per 1,000 inhabitants per day. Colour scale is continuous with darker shades indicating negative values and lighter shades indicating positive values. Countries with no data shaded
in grey. (B) Opioid consumption rate by country for 2019 in MMEs per 1,000 inhabitants per day. Colours represent the 2014 World Bank income classification of high, upper-mid-
dle, and low- and lower-middle income countries.
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In UMICs, the median consumption rate of tramadol increased
between 2009 and 2019 (Table 1), driven by increasing tramadol con-
sumption rates in Romania, South Africa, and Bosnia (Supplementary
material, Figure A3). The consumption rates of codeine, oxycodone,
and morphine only increased modestly between 2009 and 2019 in
UMICs (Table 1). In LMICs, the median tramadol consumption rate
increase from 1¢8 to 4¢3 MID, and codeine from 1¢1 to 4¢1 between
2009 and 2019, well below the rates observed in HICs (Table 1).

The summary statistics for the socioeconomic factors assessed in
the regression model are presented in Supplementary material, Table
S4. We found a significant positive association between physician
density and the opioid consumption rate in LMICs (Table 2). Holding
other factors constant, an increase in the physician density per 1,000
people by 1 is associated with the opioid consumption rate increasing
by 2 MME per capita. In UMICs, GDP per capita and imports as a per-
centage of GDP were positively associated with the opioid consump-
tion rate. A 1% increase in GDP per capita is associated with the
opioid consumption rate increasing by 0¢2 MME per capita. Similarly,
a 1% increase in imports as a percentage of GDP is associated with a
0¢1 MME per capita increase in the opioid consumption rate. No sta-
tistically significant association was found between the HIC opioid
consumption rates and the indicators assessed in the regression
model.
The annual opioid consumption rates in 2009 and 2019 for each
country, median opioid consumption rates by country income classi-
fication, and fixed-effects regression analysis results after imputing
the missing hospital sector data are reported in Supplementary mate-
rial, Appendix 2. The results were similar to the analyses conducted
without imputation.

4. Discussion

The global opioid consumption volume was lower in 2019 com-
pared to 2009, mostly due to declines in consumption in the US, Ger-
many, and Canada. However, increasing opioid consumption rates
were observed in most other HICs, but with substantial variation in
consumption rates and types of opioids consumed. These trends
were not associated with the socioeconomic indicators we assessed.
UMIC and LMIC opioid consumption rates were much lower and only
saw modest increases from 2009-2019. Increases in opioid consump-
tion in UMICs were associated with rising incomes and trade, sug-
gesting potential growth in future consumption, barring any policy
interventions. However, this was not the case for LMICS, where only
physician density was associated with consumption. This heteroge-
neity in global opioid consumption patterns demonstrates the com-
plexity of pain management � there is no international consensus on



Figure 2. Median opioid consumption rate in morphine milligram equivalents per 1,000
inhabitants per day by country income classification from 2009 to 2019. Lines represent
the annual median opioid consumption rate. Colours represent the 2014 World Bank
income classification of high, upper-middle, and low- and lower-middle income coun-
tries.
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optimal opioid prescribing levels to treat pain adequately while
simultaneously mitigating risks of opioid dependence, overdose, and
related crises.

With growing concern around the opioid epidemic in the US over
the last two decades, public and industry-led policies aimed at
reversing the crisis have been implemented. These included changes
to pain management regulations and recommendations, improved
accessibility of addiction treatment and recovery services, and
Figure 3. Proportion of the individual opioids consumed out of total opioid consumption in morp
els represent the 2014 World Bank income classification of high, upper-middle, and low- an
indicate the percentage consumed out of total MME opioid consumption in 2009 and 2019.
the only major consumer of hydrocodone.
research on pain, addiction and alternative methods for pain man-
agement [11]. These efforts likely influenced the 48% decline in the
US opioid consumption rate observed over the study period. Canada,
which also saw steep declines in consumption, implemented similar
policies and initiatives to address its own opioid crisis [11].

Over the study period, the US and Canada saw large declines in
oxycodone consumption. Oxycodone was heavily marketed in the
1990s and early 2000s as a ‘less-addictive’ painkiller despite com-
pany knowledge of the contrary [27]. In the US, after the oxycodone
brand OxyContin became the most abused prescription opioid, the
original medication was reformulated with abuse-deterrent proper-
ties in 2010 and the Food and Drug Administration (FDA) stopped
accepting applications for generic versions of the original OxyContin
formulation. The FDA has made additional efforts to minimise the
consequences of controlled release opioids; they have implemented
requirements for pharmaceutical companies to provide physicians
with safe prescribing educational materials, changed labelling so that
correct prescribing, risks and alternative medications are listed, and
made long-term post-marketing studies to assess any long-term risks
of these medications compulsory [28,29]. Canada has also taken pol-
icy action to combat the opioid epidemic in its country: in 2012, all
but three of Canada’s provinces removed OxyContin and OxyNeo (the
reformulated, abuse-deterrent formulation) from drug formularies,
which meant that OxyContin formulations would only be available in
rare circumstances to patients with special exemptions [30]. In 2017,
Ontario � the most populous province in Canada � delisted addi-
tional long-acting prescription opioid formulations [31].

The decline in German opioid consumption was driven by a sharp
reduction in the tramadol MME volume consumed. In the 2000s,
there was a significant increase in prescriptions of tramadol in rela-
tively higher doses, [32] but prescriptions subsequently declined, and
thus the overall opioid consumption rate in Germany decreased. This
may be attributable to national guidelines introduced in 2010 recom-
mending non-opioid analgesics as first-line treatment for back pain
� the most common indication for tramadol prescriptions in
hine milligram equivalents (MME) by country income classification in 2009 and 2019. Pan-
d lower-middle income countries. Colours represent the opioid consumed and the bars
Opioids in OTHER category listed in Supplementary material, Appendix 1. The US was



Table 1
Consumption rates (MID) for the top four most consumed opioids by country income group - 2009 & 2019.

2009 2019

Median IQR 95% CI Median IQR 95% CI

High income
Oxycodone 26.7 5.8 � 95.9 11.4 - 71.3 42.9 6.2-130.0 17.1 - 87.0
Tramadol 69.1 19.2 � 139.0 33.6 - 94.8 82.8 33.2 � 131.0 48.6 � 114.9
Fentanyl 57.6 16.6 � 137.0 22.4 � 121.4 71.5 23.0 � 122.0 36.5 � 92.1
Morphine 13.5 7.0 � 75.0 8.3 � 30.9 12.2 6.1 � 51.3 9.0 � 26.9
Upper-middle
Tramadol 3.9 3.0 � 9.1 2.8 � 7.8 16.6 6.6 � 22.8 9.7 � 22.4
Codeine 1.4 0.4 � 6.1 0.6 � 4.5 3.3 0.7 � 20.1 0.8 � 16.7
Oxycodone 0.1 0.0 � 0.4 0.0 � 0.4 1.1 0.3 � 4.8 0.3 � 4.6
Morphine 0.9 0.0 - 3.0 0.0 � 1.9 2.0 0.8 � 4.2 0.8 � 4.0
Low & lower-middle
Tramadol 1.8 1.3 � 2.4 1.2 � 2.5 4.3 1.5 � 5.8 0.8 � 6.7
Tapentadol NA NA NA 3.3 1.8 � 8.2 0.3 � 13.1
Codeine 1.1 0.9 � 3.0 0.1 � 4.2 4.1 1.1 � 5.5 0.7 � 7.5
Nalbuphine 0.1 0 � 0.7 0.0 � 0.8 0.3 0.0 � 1.7 0.0 � 2.7

CI - bootstrapped confidence intervals.

Table 2
Fixed-effects regression analysis of factors associated with global opioid consumption (MME per capita): 2009-2019.

Factor Low & lower-middle Upper middle High

Coefficient(95% CI) P value Coefficient (95% CI) P value Coefficient (95% CI) P value
GDP per capita(log) 0.15(-11.0 to 11.2) 0.977 18.84(3.8 to 33.9) 0.017 -39.74(-152.0 to 72.5) 0.478
Imports as percentage of GDP (log) 6.04(-2.6 to 14.7) 0.150 13.59(1.3 to 25.8) 0.031 23.73(-64.5 to 112.0) 0.590
Physicians (per 1,000 people) 1.95(1.2 to 2.7) 0.000 1.19(-3.9 to 6.3) 0.631 0.36(-21.0 to 21.6) 0.973
Urban population (% of total population) 0.44(-0.6 to 1.4) 0.348 -0.07(-1.0 to 0.9) 0.872 12.36(-6.1 to 31.0) 0.185
Number of countries 11 22 41
Number of observations 121 242 451

Robust standard errors, clustered by country.
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Germany during this time � and to only prescribe tramadol when
non-opioid analgesics failed [33].

Despite the declines seen in the above three countries, opioid con-
sumption rates increased in many other HICs over the same period.
Although the opioid consumption rate has gradually declined in the
UK since 2016, it had the highest MME rate in the world in 2019. The
INCB assigned the UK a global ranking of 19 for the total average con-
sumption of narcotic drugs (in DDDs for statistical purposes per mil-
lion inhabitants per day) from 2017 to 2019 [18]. However, this
estimated total for the UK did not include codeine, tramadol, bupre-
norphine, and tapentadol. In 2019, these opioids accounted for 53%
of total MME opioid consumption in the UK [codeine, 32%; tramadol,
12%; buprenorphine (for analgesic use) 7%; tapentadol, 2%]. Previous
research has noted high levels of opioid use in the UK, [34] and dis-
cussed concern about an incipient opioid crisis. However, many fac-
tors blamed for the crisis in the US do not prevail in the UK context
(in the UK centralised oversight is relatively strong, there is not a
consumerist approach to health care delivery, and financial incen-
tives to enhance customer satisfaction are relatively absent), [35]
suggesting that other mechanisms are in play.

Some HICs with low overall opioid consumption at the study start,
such as Spain and Portugal, also displayed sharp increases. In Spain,
concerns around increasing fentanyl use, mainly driven by rapid-
release formulations, [36] triggered the Ministry of Health to update
fentanyl prescribing guidelines in 2018 [37]. Significant shifts in opi-
oid prescribing patterns in Scandinavian countries (Denmark, Nor-
way and Sweden) were also seen, with oxycodone use increasing
across all three. These increases may be associated with aging popu-
lations and age-related health conditions in the region [38]. In Nor-
way, reimbursement changes may also have influenced shifts in the
profile of opioids prescribed [38].

Social and cultural attitudes towards opioids and pain manage-
ment may also partially influence the heterogeneity in opioid
consumptions rates. For example, opioid use in Japan is growing, but
in 2019 it remained 90% less than that of the US. The experience of ill
health, pain and discomfort varies significantly between cultures, as
does the expression of distress and help-seeking behaviours. Innu-
merable other social and cultural norms may impact prescribing �
including patient expectations, the degree to which opioids are asso-
ciated with dependence and criminality, and the availability of alter-
native culturally acceptable treatments [39]. In addition, responses
given by competent national authorities to global surveys conducted
by the INCB on factors limiting the availability of controlled substan-
ces include the lack of training and awareness of health professionals,
onerous regulations and fear of prosecution or sanctions [17]. Under-
standing these factors is key in determining optimal opioid prescrib-
ing and consumption practices for pain management in different
contexts.

Like previous literature has highlighted, [15] our analysis under-
scored that consumption rates are low in LMICs and remained rela-
tively stagnant over the study period despite international calls for
increases in pharmaceutical pain management [5]. Physician density
was positively associated with the opioid consumption rate in LMICs.
Countries with less capacity for early detection of disease which will
have more patients at advanced stages who require opioid analgesics
[15] have less access to pain management options � exacerbating
existing health inequities. Opioid choice also remained limited across
LMICs over time. Tramadol accounted for more than 50% of MME opi-
oid consumption in LMICS in 2009 and through to 2019. Notably,
tapentadol, which was just emerging on the market at the start of the
study period, was not part of LMIC opioid consumption in 2009 but
accounted for about a quarter of it in MME by 2019. The increasing
consumption of both tramadol and tapentadol may have been par-
tially driven by the lack of restrictions on both of these opioids in
some countries [40]. The 2018 WHO critical review of tramadol rec-
ommended against the international scheduling of this drug, even



Figure 4. Opioid consumption trends of the high-income countries with the top six highest consumption rates in 2019, expressed in morphine milligram equivalents per 1,000 inhabitants
per day (MID). Hydrocodone trend not shown because the US was the only major consumer. (A) Oxycodone consumption rate trends:2009-2019. (B) Tramadol consumption rate
trends:2009-2019. (C) Fentanyl consumption rate trend: 2009-2019. (D) Morphine consumption rate trend: 2009-2019. Line colours and patterns represent the six countries with
the highest consumption rate for each opioid in 2019. The data points represent the annual consumption rate in MID for each opioid.
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though several countries had national controls in place [41]. How-
ever, recent studies have called for reclassification of tramadol and
caution in prescribing it [19]; and with growing concern around mis-
use, abuse and dependency, several jurisdictions have introduced
restrictions on tramadol [41]. This calls into question the assumption
that forms of opioids classified as ‘weak’ are also safer [19]. In India,
concerns over growing bodies of evidence on abuse of and depen-
dence on tapentadol have led to calls for restrictions [40].

The WHO has expressed concern about the low level of access to
medication for moderate and severe pain in LMICs and is currently
revising its pain management guidelines [13]. These efforts should
seek to produce evidence-based guidance on effective, appropriate
and safe opioid prescribing for the optimal treatment of pain. Addi-
tionally, these should account for vulnerabilities in health-care sys-
tems and the potential for pharmaceutical companies to influence
policy decisions that could lead to crises similar to that which
occurred in the US [9]. Reports suggest that the pharmaceutical
industry has shifted its marketing strategy to new economies in Latin
America, Asia, the Middle East and Africa [42]. using aggressive mar-
keting practices similar to those that precipitated the opioid epidemic
in the US [27]. Notably, the use of oxycodone has increased in UMICs
and is now the third most consumed opioid in these countries after
tramadol and codeine.

Several limitations should be considered when interpreting our
analysis. Data were not available for all countries � especially those
in sub-Saharan Africa; however, the countries included in our study
account for more than 80% of the global population. The analysis was
based on national-level sales data, and thus it neither reflected varia-
tion in opioid consumption within countries nor did it discern
appropriate from inappropriate prescribing. Previous studies have
highlighted that opioid consumption can widely differ within coun-
tries and is often associated with socioeconomic status and/or geo-
graphic location [34]. Additionally, when weak opioids are converted
to MME, the estimated consumption volume of these opioids will be
lower relative to strong opioids, when compared with an alternative
metric such as DDD, where weak opioids will account for a higher
proportion of the consumption volume if more doses are dispensed
than strong opioids. Another limitation was that we did not have
patient-level data including information on dosage and duration of
opioid prescriptions, and therefore we could not evaluate the ade-
quacy of opioid analgesic use. Lastly, due to the smaller number of
countries in the LMIC group, the regression estimates could be biased
and may not reflect the true relationship between the opioid con-
sumption rate and socioeconomic factors due to potential model
overfit.

Despite these limitations, our study shows a complex global pic-
ture of opioid consumption patterns that underline the challenge of
providing adequate access to opioid treatment while also balancing
concerns around potential misuse. The growing consumption of
opioids not scheduled by international conventions must be carefully
monitored to ensure appropriate use. Care must be taken to make
sure that any restrictive measures do not have unintended conse-
quences that force patients in need of opioids to turn to the illicit
market [43]. Multiple factors are implicated in opioid consumption
levels and while a ‘one-size-fits-all’ policy approach is unlikely to be
successful, countries can learn from one another and translate policy
lessons to local contexts. Continuous global tracking of opioid con-
sumption rates is important to inform these policies.
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