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Supplement 1: Additional tables and figures

Box S1: Substances included and excluded from the International Narcotic Control Board
(INCB) data on narcotic consumption, in alphabetical order.

Opioids included in the opioid consumption calculation:
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(+)-cis-3-methylfental
3-Acetylmorphine
3-Methylfentanyl
3-Methylthiofentanyl
3-Monoacetylmorphine
4-Fluoroisobutyrfentanyl
6-Acetylmorphine
6-Monoacetylmorphine
Acetorphine

. Acetyl-alpha-methylfentanyl
. Acetyldihydrocodeine

. Acetylfentanyl

. Acetylmethadol

. Acetylmorphine

. Acrylfentanyl

. AH-7921

. Alfentanil

. Allylprodine

. Alphacetylmethadol

. Alphameprodine

. Alphamethadol

. alpha-Methylfentanyl

. alpha-Methylthiofentanyl
. Alphaprodine

. Anileridine

. Benzethidine

. Benzoylmorphine

. Benzylmorphine

. Betacetylmethadol

. beta-Hydroxy-3-methyl fentanyl
. beta-Hydroxyfentanyl

. Betameprodine

. Betamethadol

. Betaprodine
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Bezitramide

Butyrfentanyl

Carfentanil

Carfentanyl

Clonitazene

Codeine

Codeine-6GLUC
Codeine-6-glucuronide
Codeine-Methyl
Codeine-N-oxide

Codoxime

Conc. of poppy straw (C) ACA
Conc. of poppy straw (C) AMA
of poppy straw (C) AOA
of poppy straw (C) ATA
of poppy straw (C) GW
of poppy straw (M) ACA
of poppy straw (M) AMA
of poppy straw (M) AOA
of poppy straw (M) ATA
of poppy straw (M) GW
of poppy straw (N) GW
of poppy straw (O)

of poppy straw (O) ACA
of poppy straw (O) AMA
of poppy straw (O) AOA
of poppy straw (O) ATA
of poppy straw (O) GW
of poppy straw (O)-AOA
of poppy straw (T)

of poppy straw (T) ACA
of poppy straw (T) AMA
of poppy straw (T) AOA
of poppy straw (T) ATA

Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
Conc.
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89.
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Conc. of poppy straw (T) GW
Conc. of poppy straw (T)-ATA
Conc. of poppy straw (total)
anhydrous codeine alkaloid
Conc. of poppy straw (total)
anhydrous morphine alkaloid

. Conc. of poppy straw (total)

anhydrous oripavine alkaloid
Conc. of poppy straw (total)
anhydrous thebaine alkaloid
Concentrate of poppy straw (M)
Concentrate of poppy straw
M)AMA

Concentrate of poppy straw (M)-
ATA

Desomorphine
Dextromoramide
Dextropropoxyphene
Diampromide
Diethylthiambutene
Difenoxin

Dihydrocodeine
Dihydroetorphine
Dihydroisomorphin-6GLUC
Dihydromorphine
Dihydromorphine-6GLUC
Dihydrothebaine
Dimenoxadol
Dimepheptanol
Dimethylmorphine
Dimethylthiambutene
Dioxaphetyl butyrate
Diphenoxylate

Dipipanone
D-Isomethadone

Drotebanol
Ethylmethylthiambutene
Ethylmorphine
Etonitazene
Etorphine

103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.

Etorphine-3metheth
Etoxeridine

Fentanyl
Furanylfentanyl
Furethidine

Heroin

Hydrocodone
Hydromorphinol
Hydromorphone
Hydromorphone-3GLUC
Hydromorphone-N-oxide
Hydroxypethidine
Isomethadone
Ketobemidone
L-Alphacetylmethadol
Levo-A-acetylmethadol
Levomethorphan
Levomoramide
Levophenacylmorphan
Levopropoxyphene
Levorphanol
L-Isomethadone
L-Methadol
L-methadone
Metazocine

Methadone

Methadone intermediate
Methyldesorphine
Methyldihydromorphine
Metopon
Monoacetylmorphine
Moramide intermediate
Morpheridine

Morphine
Morphine-3,6DGLUC
Morphine-3BD,GLUC
Morphine-3-B-D-glucuronide
Morphine-3GLUC
Morphine-3-PROP
Morphine-6BD,GLUC
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Morphine-6-B-D-glucuronide
Morphine-6GLUC
Morphine-DIMETETH
Morphine-METHYBRO
Morphine-METHYIOD
Morphine-N-oxide
MPPP

MT-45

Myrophine

Nicocodine
Nicodicodine
Nicomorphine
Noracymethadol
Norcodeine
Norlevorphanol
Normethadone
Normethadone intermediate
Normorphine
Normorphine-3GLUC
Norpipanone

Ocfentanyl

OLD Morphine-6GLUC
Opium

Opium - non medical use
Opium marc

Opium, prepared
Oripavine

Oxycodone
Oxycodone-N-oxide
Oxymorphone

Papaver bracteatum
para-Fluorofentanyl
PEPAP

Pethidine

Pethidine intermediate A
Pethidine intermediate B
Pethidine intermediate C
Phenadoxone
Phenampromide
Phenazocine

183. Phenomorphan

184. Phenoperidine

185. Pholcodine

186. Piminodine

187. Piritramide

188. Poppy straw (C) GW

189. Poppy straw (M)

190. Poppy straw (M) GW

191. Poppy straw (M) GW-ACA

192. Poppy straw (M) GW-AMA

193. Poppy straw (M) GW-AOA

194. Poppy straw (M) GW-ATA

195. Poppy straw (M)-ACA

196. Poppy straw (M)-AMA

197. Poppy straw (M)-AOA

198. Poppy straw (M)-ATA

199. Poppy straw (N) GW

200. Poppy straw (T)

201. Poppy straw (T) GW

202. Poppy straw (T) GW-ACA

203. Poppy straw (T) GW-AMA

204. Poppy straw (T) GW-AOA

205. Poppy straw (T)-ACA

206. Poppy straw (T)-AOA

207. Poppy straw (T)-ATA

208. Poppy straw (total)
anhydrous codeine alkaloid

209. Poppy straw (total)
anhydrous morphine alkaloid

210. Poppy straw (total)
anhydrous thebaine alkaloid

211. Proheptazine

212. Properidine

213. Propiram

214. Racemethorphan

215. Racemoramide

216. Racemorphan

217. Remifentanil

218. Sufentanil

219. Tetrahydrofuranylfentanyl
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220.
221.
222.

Thebacon
Thebaine
Thiofentanyl

223. Tilidine
224, Trimeperidine
225. U-47700

Substances excluded from our opioid consumption calculation:
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Cannabis

Cannabis (non-medical use)
Cannabis oil

Cannabis resin

Cannabis resin-non medical use
Coca leaf

Coca leaf - non medical use
Coca paste

. Cocaine

. DUMMY

. Ecgonine

. Ecgonine-Benetest
. Ecgonine-Bezest,4

15.
16.
17.
18.
19.

Ecgonine-Bezprest
Ecgonine-Cinmeest
Ecgonine-Diflbene
Ecgonine-Ethylest
Ecgonine-Methyest

20. Ecgonine-M-Hydrox
21. Not covered substances
22. Other

23. Schedule III preparations
24. Special C.P.S

25. Unknown (NDO19---)
26. Unspecified sources
27. Blank

Box S2: Calculations for global, regional and national consumption of opioids

INCB recommends using a three-year mean to display the data, and previous studies have used
this to account for annual variation in reporting, providing more stable data (Bosetti et al.,
2018).To calculate the annual mean consumption of opioids, we summed data for each year
(2015-17) in kgs for each country, divided by three to determine the average, converted to mg
and divided by 2016 population data from the WHO Global Health Observatory for each country
(WHO, 2019). Here we provide an example using Sweden’s data:

944.88 kg (2015) +949.176 kg (2016) + 996.128 kg (2017) = 2890.18 kg
((2890.18/3)*1000000)/9838000 = 97.93 mg per person in Sweden
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Table S1: Master list of Anatomical Therapeutic Classification (ATC) chemical substance codes
for opioids

Drug name ATC code
Acetyldihydrocodeine RO5DA12
Alfentanil NO1AHO02
Anileridine NO1AHO5
Bezitramide NO02ACO05
Buprenorphine NO02AEO1, NO7BCO01, NO7BC51
Butorphanol NO02AF01
RO5DA04, N02AJ07, NO2AJ08, NO2AJ09,
Codeine NO02AJ06, NO2AAS59, NO2AA79
Dextromethorphan RO5DA09
Dextromoramide NO02ACO01
Dextropropoxyphene NO02AC04, N02AC54, N0O2AC74
Dezocine NO02AXO03
Diamorphine NO07BC06
Difenoxin A07DA04
NO02AA08, N02AJ02, NO2AJ03, N02AJO1,
Dihydrocodeine NO2AASS
Dimemorfan RO5DATI1
Diphenoxylate A07DAO1
Eluxadoline AO07DA06
Ethylmorphine RO5DAOI1, S01XA06
Fentanyl NO1AHO1, N02AB03, NOIAHS51, QN02ABO03
Hydrocodone RO5DA03
Hydromorphone NO02AA03, NO2AAS53, NO2AG04
Ketobemidone NO02ABO1, N02AGO02
Levacetylmethadol NO07BC03
Levomethadone NO7BCO05
Lofexidine NO07BC04
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Loperamide A07DAO03, AO7DAOS, AO7DAS3
Meptazinol NO02AXO05
Methadone NO7BC02, NO2AC52
Morphine NO02AAO01, N02AGO1, AO7DAS2, NO2AAS1
Nalbuphine NO2AF02
Nicomorphine NO02AA04
Normethadone RO5DA06
Noscapine RO5DAO07
A07DA02, NO2AAO02, ROSDAO0S, ROSDA20,
Opium ROSFA02, ROSFAO1
NO02AA05, NO2AASS, N02AAS6, NO2AJO18,
Oxycodone NO02AJ019, NO2AJO17
Papaveretum NO02AA10
Pentazocine NO02ADO1
Pethidine NO02AB02, N02AGO03,N02AB52, N02AB72
Phenazocine NO02ADO02
Phenoperidine NO1AHO04
Pholcodine RO5SDAOS
Piritramide NO02ACO03
Remifentanil NO1AHO06
Sufentanil NO1AHO03
Tapentadol NO2AX06
Thebacon RO5DA10
Tilidine N02AXO01
Tramadol N02AX02, N02AJ013, N02AJ014, N02AJO15
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Table S2: Sources of data for country characteristics used in the regression model

Geographical region WHO. (2019). Global Health Observatory data repository.
World Health Statistics; World Health Organization. Retrieved
Population (in 2016) May 18, 2019:

Healthcare expenditure per
capita (US$, 2015)

Life expectancy at birth (in
years) for all sexes (in 2016)

Gross domestic product Central Intelligence Agency. (2018). GDP - per capita. The
(GDP) per capita World Factbook. Retrieved May 18, 2019:
(July 2017 to June 2018) https://www.cia.gov/library/publications/resources/the-world-

factbook/fields/21 1rank.html

Human development index United Nations Development Programme. Human
(2016) Development Data (1990-2017). Human Development
Reports. Retrieved May 18, 2019: http://hdr.undp.org/en/data

Corruption perception score | Transparency International. Corruption Perceptions Index
(2016) 2016. Transparency International. Retrieved May 18, 2019:
https://www.transparency.org/news/feature/corruption_percept
ions_index_ 2016
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Table S3: Availability of opioid consumption data for countries with national EMLs by type of

opioid

Morphine 137 (100) 111 (81)
Fentanyl 134 (98) 107 (78)
Codeine 129 (94) 38 (28)
Pethidine 117 (85) 91 (66)
Methadone 83 (61) 62 (45)
Oxycodone 73 (53) 58 (42)
Remifentanil 62 (45) 48 (35)
Sufentanil 55 (40) 31 (23)
Alfentanil 47 (34) 21 (15)
Diamorphine 47 (34) 7(5)
Hydromorphone 38 (28) 20 (15)
Pholcodine 37 (27) 3(2)
Dihydrocodeine 36 (26) 5@4)
Hydrocodone 34 (25) 6(4)
Dextropropoxyphene 30 (22) 2(1)
Diphenoxylate 28 (20) 0(0)
Opium 27 (20) 11 (8)
Tilidine 20 (15) 8(6)
Trimeperidine 13 (9) 10 (7)
Piritramide 6(4) 3(2)
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Table S4: Opioids listed in the 20th edition of the WHO Model List of Essential Medicines

Drug

Dose & route of administration

Additional notes

Anaesthetics, preoperative medicines & medical gases: Preoperative medication &
sedation for short-term procedures

morphine

Injection: 10 mg (sulfate or hydrochloride) in 1 mL
ampoule

Medicines for pain and palliative care: opioid analgesics

codeine

Tablet: 30 mg (phosphate)

fentanyl

Transdermal patch: 12 pg/hr; 25 pg/hr; 50 pg/hr; 75
pug/hr; 100 pg/hr

cancer pain

methadone

Tablet: 5 mg; 10 mg (as hydrochloride); Oral liquid:
Smg/5mL; 10mg/5mL (as hydrochloride); Concentrate
for oral liquid: 5 mg/mL; 10mg/mL (as hydrochloride)

complementary*
list; cancer pain

morphine

Granules (slow-release; to mix with water): 20 mg to 200
mg (morphine sulfate);

Injection: 10 mg (morphine hydrochloride or morphine
sulfate) in 1 mL ampoule;

Oral liquid: 10 mg (morphine hydrochloride or morphine
sulfate)/5 mL;

Tablet (slow release): 10 mg to 200 mg (morphine
hydrochloride or morphine sulfate);

Tablet (immediate release): 10 mg (morphine sulfate).

Alternatives
limited to
hydromorphone
and oxycodone

Medicines for pain and palliative care: medicines for other common symptoms in
palliative care

loperamide

Solid oral dosage form: 2 mg

Medicines for mental and behavioural disorders: medicines for disorders due to
psychoactive substances

methadone

Concentrate for oral liquid: 5 mg/mL; 10 mg/mL
(hydrochloride).
Oral liquid: 5 mg/5 mL; 10 mg/5 mL (hydrochloride).

complementary*
list;
buprenorphine is
an alternative;
should only be
used alongside an
established
support
programme
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*complementary list: presents essential medicines for priority diseases, for which specialized
diagnostic or monitoring facilities, and/or specialist medical care, and/or specialist training are
needed. In case of doubt, medicines may also be listed as complementary on the basis of
consistent higher costs or less attractive cost-effectiveness in a variety of settings.
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Table S5: Summary of opioid consumption and national essential medicines lists (EMLs) data by

country (n=137) in alphabetical order.

Mean opioid Year Number of Similarity Differences
Country consumption of list opioids in EMLs | Type of opioids in EMLs with WHO | from WHO
(mg/person) (% of all drugs) list, no. (%) | list, no. (%)
. methadone, morphine, buprenorphine,

Afghanistan 0.555 2014 6(2.31) opium, pethidine & tramadol 2 (40) 4 (67)

Albania 5.057 2011 3 (1.40) codeine, morphine & pethidine 2 (40) 1(33)
codeine, loperamide, buprenorphine,

Algeria 0.164 2016 7 (1.56) dextromethorphan, dextropropoxyphene, 2 (40) 5(71)
pholcodine & tramadol

Angola 0.002 2008 1 (1.56) fentanyl 1 (20) 0(0)

Antigua & codeine, fentanyl, methadone, morphine,

Barbuda 0 2007 6(2.04) pethidine & tramadol 4 (80) 263)
codeine, fentanyl, loperamide, morphine,

Argentina 14.329 2011 8 (1.69) dextromethorphan, dextropropoxyphene, 4 (80) 4 (50)
remifentanil & tramadol

Armenia 3.636 2010 | 4(1.48) fentanyl, loperamide, morphine & 3 (60) 1(25)
trimeperidine

. fentanyl, loperamide, methadone, morphine,

Bahrain 12.055 2015 6 (1.09) pethidine & remifentanil 4 (80) 2 (33)

Bangladesh 0.826 2008 2 (1.07) morphine & pethidine 1 (20) 1 (50)
codeine, fentanyl, loperamide, morphine,
dextromethorphan, dextropropoxyphene,

Barbados 31.185 2011 12 (1.89) dihydrocodeine, diphenoxylate, 4 (80) 8 (67)
papaveretum, pentazocine, pethidine &
tramadol

Belarus 4.852 2012 | 9(2.42) fentanyl, loperamide, morphine, 3 (60) 6 (67)

buprenorphine, butorphanol,
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hydromorphone, opium, tramadol &
trimeperidine
codeine, fentanyl, loperamide, methadone,

Belize 4.331 2008 9 (2.40) morphine, buprenorphine, hydromorphone, | 5 (100) 4 (44)
oxycodone & pethidine

Bhutan 0.247 2016 5(1.70) codeine, fentanyl, morphine, pethidine & 3 (60) 2 (40)
tramadol

Bolivarian codeine, fentanyl, morphine,

Rep. of 0.129 2011 7 (2.26) dextromethorphan, oxycodone, pethidine & | 3 (60) 4 (57)

Venezuela tramadol
codeine, fentanyl, loperamide, methadone,

Bolivia 0.303 2011 8(2.25) morphine, dextromethorphan, pethidine & | 5 (100) 3(38)
remifentanil

Bosnia & codeine, loperamide, methadone,

Herzegovina 3.921 2009 6(3.30) buprenorphine, pholcodine & tramadol 3(60) 3 (50)
codeine, fentanyl, loperamide, morphine,

Botswana 3.165 2012 7(2.06) dihydrocodeine, pethidine & tramadol 4 (80) 3(43)

Brazil 5.663 2014 3(0.74) codeine, methadone & morphine 3 (60) 0 (0)

Bulgaria 25.534 2011 1(0.28) fentanyl 1 (20) 0 (0)
codeine, fentanyl, loperamide, methadone,

Burkina Faso | 0.054 2014 9 (3.28) morphine, buprenorphine, nalbuphine, 5 (100) 4 (44)
remifentanil & sufentanil

Burundi 0.049 2012 4 (1.36) codeine, fentanyl, morphine & tramadol 3 (60) 1(25)
codeine, fentanyl, loperamide, methadone,

Cabo Verde 0.6 2009 8 (141) morphine, alfentanil, pethidine & tramadol > (100) 3038)

Cambodia 0 2003 0(0) 0 00 -
codeine, fentanyl, loperamide, morphine,

Cameroon 0 2010 10 (2.83) buprenorphine, dextromethorphan, 4 (80) 6 (60)
pethidine, sufentanil & tramadol

Central codeine, loperamide, morphine, noscapine.

African 0 2009 | 7(2.37) femne, foperamice, morpane, PG 1 3 60) 4 (57)

Republic opium, pentazocine & pethidine
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Chad 0.006 2007 3(1.24) codeine, fentanyl & morphine 3 (60) 0 (0)
codeine, fentanyl, loperamide, methadone,

Chile 12.537 2005 8(2.29) morphine, pargeverine, pethidine & 5 (100) 3(38)
tramadol

China 3.853 2012 | 5(1.71) g";‘;‘t‘;‘;’dggga“ﬂ’ morphine, diphenoxylate | 5 ) 2 (40)
fentanyl, loperamide, methadone, morphine,

Colombia 7.658 2011 8(2.14) dihydrocodeine, hydromorphone, 4 (80) 4 (50)
oxycodone & pethidine

Cook Islands | 5.608 2007 6 (2.50) loperamide, morphine, dextromethorphan, 2 (40) 4(67)

) ) diphenoxylate, pethidine & tramadol

Coutin o8 |e |7as0 | el fntamblopranide mebndone |5 (00) | 209
codeine, fentanyl, methadone, morphine,

Cote d'Tvoire | 3.898 2014 10 (1.98) buprenorphine, oxycodone, pethidine, 4 (80) 6 (60)
remifentanil, sufentanil & tramadol
codeine, fentanyl, loperamide, methadone,

Croatia 14.785 2010 | 12 (1.99) morphine, alfentanil, buprenorphine, 4 (30) 8 (67)
hydrocodone, oxycodone, pentazocine,
pethidine, sufentanil & tramadol
codeine, fentanyl, morphine, diphenoxylate,

Cuba 2.214 2012 7(.37) nalbuphine, petyhidine Iéz tramal(;ol ' 3 (60) 467)
codeine, fentanyl, morphine, alfentanil,
buprenorphine, dihydrocodeine,

Czechia 21.582 2012 15 (1.86) hydromorphone, nalbuphine, oxycodone, 3 (60) 12 (80)
pentazocine, pethidine, piritramide,
remifentanil, sufentanil & tramadol

Democratic

People's codeine, methadone, morphine, opium,

Republic of 4.475 2012 6 2.71) papaveretum & pethidine 3(60) 3(0)

Korea

Democratic codeine, fentanyl, loperamide, morphine,

Republic of 0.026 2010 9 (2.87) buprenorphine, dextromethorphan, 4 (80) 5(56)

the Congo remifentanil, sufentanil & tramadol
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Djibouti 0 2007 4(1.99) fentanyl, loperamide, morphine & pethidine | 3 (60) 1(25)
Dominica 6.788 2007 5(1.75) fentanyl, methadone, morphine, pethidine & 3(60) 2 (40)
tramadol
Dominican codeine, fentanyl, loperamide, morphine,
Republic 1022 2015 6(1.68) nalbuphine & tramadol 4 (80) 233)
codeine, fentanyl, loperamide, methadone,
Ecuador 0.859 2013 10 (2.71) morphine, buprenorphine, hydromorphone, | 5 (100) 5(50)
oxycodone, remifentanil & tramadol
fentanyl, methadone, morphine,
Egypt 0.377 2012 6(1.85) dextromethorphan, pethidine & tramadol 3 (60) 360)
fentanyl, loperamide, morphine,
El Salvador 4.481 2009 6 (1.66) nalbuphine, pethidine & tramadol 3 (60) 3 (50)
. codeine, loperamide, morphine,
Eritrea 0 2010 6(1.78) dextromethorphan, pethidine & tramadol 3(60) 3 (0)
codeine, fentanyl, loperamide, methadone,
Estonia 26.066 2012 8 (1.98) morphine, diphenoxylate, oxycodone & 5 (100) 3(38)
tramadol
codeine, fentanyl, loperamide, methadone,
. morphine, dextromethorphan,
Ethiopia 0.539 2014 11 (1.55) diphenoxylate, pentazocine, pethidine, 5(100) 6 (55)
pholcodine & tramadol
codeine, fentanyl, methadone, morphine,
Fiji 3.277 2015 6 (2.02) diphenoxylate & pethidine 4 (80) 2(33)
. codeine, loperamide, morphine,
Gambia 0 2001 5(3.03) dihydrocodeine & pethidine 3 (60) 2 (40)
. fentanyl, loperamide, morphine &
Georgia 14.79 2007 4 (1.61) dextromethorphan 3 (60) 1(25)
Ghana 2672 2010 5(1.65) codeine, fentanyl, morphine, pethidine & 3(60) 2 (40)
tramadol
Grenada 0 2007 5(1.76) fentanyl, methadone, morphine, pethidine & 3 (60) 2 (40)
tramadol
Guinea 0 2012 5 (2.09) g)(ll)iltr;:;,d li(:llzeramlde, morphine, pentazocine 3 (60) 2 (40)
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codeine, fentanyl, loperamide, methadone,
morphine & pethidine

Haiti 0.028 2012 2 (1.02) fentanyl & morphine 2 (40) 0 (0)

Guyana 10.216 2010 | 6(2.14) 5 (100) 1(17)

codeine, fentanyl, loperamide, morphine,
Honduras 0.734 2009 8(2.17) dextromethorphan, oxycodone, pethidine & | 4 (80) 4 (50)
tramadol

India 0.527 2015 4 (1.09) fentanyl, morphine, pentazocine & tramadol | 2 (40) 2 (50)

codeine, fentanyl, methadone, morphine,
dextromethorphan, pethidine & sufentanil
codeine, fentanyl, loperamide, morphine,
dextromethorphan, dextropropoxyphene,
dihydrocodeine, diphenoxylate, oxycodone,
pentazocine, pethidine & tramadol
codeine, fentanyl, loperamide, methadone,
morphine, alfentanil, buprenorphine,
dextromethorphan, diphenoxylate,
hydromorphone, oxycodone, pentazocine,
pethidine, remifentanil, sufentanil &
tramadol

codeine, fentanyl, loperamide, methadone,
morphine, dextromethorphan,
diphenoxylate, oxycodone, pethidine,
pholcodine, remifentanil & tramadol
codeine, fentanyl, loperamide, methadone,
Jordan 3.98 2011 10 (1.69) morphine, alfentanil, dihydrocodeine, 5(100) 5(50)
pethidine, remifentanil & tramadol
codeine, fentanyl, loperamide, methadone,
morphine & buprenorphine

codeine, fentanyl, loperamide, morphine &
pethidine

fentanyl, methadone, morphine,
buprenorphine & trimeperidine

fentanyl, morphine, dihydrocodeine,
tilidine, tramadol & trimeperidine

Indonesia 0.708 2011 | 7(2.51) 4 (80) 3 (43)

Iraq 0 2010 | 12(2.08) 4 (80) 8 (67)

Islamic
Republic of 3.325 2014 16 (1.79)
Iran

5 (100) 11 (69)

Jamaica 7.241 2012 | 12 (2.61) 5(100) 7 (58)

Kenya 1.927 2016 | 6(1.44) 5(100) 1(17)

Kiribati 0.288 2009 | 5(2.29) 4 (80) 1(20)

Kyrgyzstan 5.936 2009 5(1.58) 3 (60) 2 (40)

Latvia 11.521 2012 | 6(1.95) 2 (40) 4(67)
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fentanyl, loperamide, morphine,

Lebanon 4.123 2014 6(.10) dextromethorphan, pethidine & tramadol 3 (60) 3 (50)

Lesotho 0 2005 3(1.54) morphine, pethidine & diamorphine 1(20) 2 (67)

Liberia 0 2011 4(1.86) lopel:afmde, morphine, buprenorphine & 2 (40) 2 (50)
pethidine

Lithuania 10.013 2012 3(0.88) fentanyl, morphine & tramadol 2 (40) 1(33)

fentanyl, loperamide, morphine,
Madagascar 0.037 2008 7(2.77) dextromethorphan, dextropropoxyphene, 3 (60) 4 (57)
noscapine & pethidine

codeine, fentanyl, loperamide, morphine,
dihydrocodeine, pethidine & tramadol
loperamide, methadone, morphine,
dihydrocodeine & diphenoxylate
codeine, fentanyl, loperamide, morphine,
Maldives 0.763 2011 9 (1.67) dextromethorphan, pentazocine, pethidine, | 4 (80) 5(56)
pholcodine & tramadol

codeine, fentanyl, loperamide, morphine &
tramadol

codeine, fentanyl, loperamide, methadone,
morphine, buprenorphine,

Malta 42.147 2008 13 (2.12) dextromethorphan, dextropropoxyphene, 5(100) 8 (62)
dihydrocodeine, pethidine, pholcodine,
remifentanil & tramadol

Marshall codeine, fentanyl, loperamide, morphine,

Malawi 1.485 2015 | 7(2.16) 4 (80) 3 (43)

Malaysia 16.407 2014 | 6(1.94) 3 (60) 3 (50)

Mali 0 2012 | 6(211) 4 (80) 2(33)

Islands 0 2007 73.26) nalbuphine, pethidine & tramadol 4 (30) 343
Mauritania 0 2008 3 (1.40) loperamide, morphine & buprenorphine 2 (40) 1(33)
codeine, fentanyl, loperamide, morphine,
buprenorphine, dextromethorphan,
Mexico 0.709 2011 12 (1.69) dextropropoxyphene, hydromorphone, 4 (80) 8 (67)
nalbuphine, oxycodone, remifentanil &
tramadol
Mongolia 3.134 2009 4 (1.55) codeine, fentanyl, morphine & tramadol 3 (60) 1(25)
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fentanyl, loperamide, methadone, morphine,

Montenegro 5.659 2011 8 (1.77) alfentanil, pethidine, remifentanil & 4 (80) 4 (50)
tramadol
codeine, fentanyl, loperamide, methadone,
morphine, buprenorphine,

Morocco 1.289 2012 10291 dextromethorphan, pholcodine, sufentanil > (100) > (50)
& tramadol

Mozambique | 0.223 2016 5(1.93) codeine, fentanyl, loperamide, morphine & 4 (80) 1 (20)
tramadol
codeine, fentanyl, methadone, morphine,

Myanmar 14.821 2010 6 (1.90) pethidine & tramadol 4 (80) 2(33)
codeine, fentanyl, loperamide, methadone,

Namibia 3.66 2016 9(2.34) morphine, alfentanil, pethidine, tilidine & 5(100) 4 (44)
tramadol
codeine, fentanyl, loperamide, morphine,

Nauru 0 2010 76.03) diphenoxylate, pethidine & pholcodine 4 (80) 3(&3)
methadone, morphine, buprenorphine &

Nepal 0.521 2011 4(1.33) pethidine 2 (40) 2 (50)

Nicaragua 0.677 2011 2 (0.73) fentanyl & morphine 2 (40) 0(0)
codeine, fentanyl, loperamide, methadone,

. morphine, dextromethorphan,

Nigeria 0.012 2010 10327 dihydrocodeine, diphenoxylate, pentazocine > (100) > (50)
& pethidine

Niue 6.001 2006 4(1.26) fentanyl, loperamide, morphine & pethidine | 3 (60) 1(25)
codeine, fentanyl, loperamide, methadone,

Oman 19.292 2009 10 (1.73) morphine, hydromorphone, nalbuphine, 5(100) 5(50)
pethidine, remifentanil & tramadol

Pakistan 0.033 2016 3 (0.80) loperamide, methadone & morphine 3 (60) 0(0)
codeine, fentanyl, loperamide, morphine,

Palau 15.53 2006 72.59) hydrocodone, pethidine & tramadol 4 (80) 3 (43)

(P;l‘lligz;\lew 1782 2012 | 4(1.48) codeine, fentanyl, morphine & pethidine | 3 (60) 1 (25)
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codeine, fentanyl, morphine, alfentanil,

Paraguay 0 2009 6 (1.93) dextromethorphan & pethidine 3 (60) 3 (50)
codeine, fentanyl, morphine,

Peru 2.271 2012 7 (1.64) dextromethorphan, oxycodone, pethidine & | 3 (60) 4 (57)
tramadol
codeine, fentanyl, loperamide, morphine,

Philippines | 0.36 2008 | 10(1.93) butorphanol, dextromethorphan, 4 (80) 6 (60)

PP ’ ’ nalbuphine, oxycodone, pethidine &

tramadol
fentanyl, loperamide, methadone, morphine,

Poland 17.594 2017 9 (2.03) buprenorphine, dihydrocodeine, oxycodone, | 4 (80) 5(56)
tapentadol & tramadol
codeine, fentanyl, loperamide, methadone,
morphine, buprenorphine,

Portugal 17.931 2011 11(1.21) dextromethorphan, dextropropoxyphene, 5(100) 6 (55)
hydromorphone, pargeverine & tramadol
codeine, fentanyl, methadone, morphine,

. buprenorphine, dextromethorphan,

Romania 10.459 2012 1{1.73) dihydrocodeine, oxycodone, pentazocine, 4 (80) 7(64)
pethidine & tramadol

Russian fentanyl, loperamide, morphine, tramadol

Federation 1.812 2014 >(0.96) & trimeperidine 3(60) 2 (40)
codeine, fentanyl, morphine, pentazocine,

Rwanda 0.597 2010 6 (2.08) pethidine & tramadol 3 (60) 3 (50)

Salnjf Kitts & 0 2007 5(1.72) fentanyl, methadone, morphine, pethidine & 3 (60) 2 (40)

Nevis tramadol

Saint Lucia 0 2007 5(1.72) fentanyl, methadone, morphine, pethidine & 3(60) 2 (40)
tramadol

Saint Vincent . .

& the 5834 2010 5(1.87) code‘ln.e, fentanyl, methadone, morphine & 4 (80) 1 (20)

. pethidine

Grenadines
codeine, fentanyl, methadone, morphine,

Senegal 1.241 2013 9 (2.65) alfentanil, buprenorphine, nalbuphine, 4 (80) 5(56)
sufentanil & tramadol
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fentanyl, loperamide, methadone, morphine,
Serbia 9.93 2010 10 (2.11) alfentanil, hydromorphone, pethidine, 4 (80) 6 (60)
remifentanil, sufentanil & tramadol
codeine, fentanyl, morphine, pethidine &
tramadol

codeine, fentanyl, loperamide, morphine,
buprenorphine, dextromethorphan,
difenoxin, dihydrocodeine, diphenoxylate,
Slovakia 14.229 2012 19 (1.92) eluxadoline, hydromorphone, opium, 4 (80) 15 (79)
oxycodone, pentazocine, pethidine,
sufentanil, tapentadol, tramadol &
trimeperidine

codeine, fentanyl, loperamide, methadone,
morphine, alfentanil, buprenorphine,
Slovenia 64.451 2017 15 (1.88) hydromorphone, oxycodone, pethidine, 5(100) 10 (67)
pholcodine, piritramide, remifentanil,
tapentadol, tramadol & trimeperidine

Seychelles | 20.909 2010 | 5(1.68) 3 (60) 2 (40)

Solomon codeine, fentanyl, morphine, oxycodone &
Islands 0.91 2017 5(1.92) pethidine 3 (60) 2 (40)
Somalia 0 2006 1(1.20) pethidine 0(0) 1 (100)
South Africa | 16.377 2014 | 4(2.08) loperamide, morphine, pethidine & 2 (40) 2 (50)
tramadol
SriLanka | 6.003 2013 | 4(126) fentanyl, loperamide, methadone & 3 (60) 1(25)
tramadol
loperamide, morphine, dextromethorphan,
Sudan 0.242 2014 5(1.66) diphenoxylate & pethidine 2 (40) 3 (60)
Suriname 0293 2014 5(1.75) codeine, .fentanyl, loperamide, morphine & 4 (80) 1 (20)
sufentanil
codeine, fentanyl, loperamide, morphine,
Sweden 97.926 2016 7(2.42) buprenorphine, hydromorphone & 4 (80) 3 (43)
oxycodone
codeine, fentanyl, morphine,
Syrian Arab buprenorphine, dextromethorphan,
Republic 1.642 2008 15 (154) dextropropoxyphene, diphenoxylate, 3(60) 12.(30)

hydrocodone, noscapine, oxycodone,
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pentazocine, pethidine, remifentanil,
sufentanil & tramadol
et codeine, fentanyl, loperamide, morphine,
Tajikistan 0.113 2009 6 (2.20) tramadol & trimeperidine 4 (80) 2 (33)
codeine, fentanyl, loperamide, methadone,
. morphine, buprenorphine,
Thailand 3.221 2013 11 (2.00) dextromethorphan, nalbuphine, opium, 5(100) 6 (55)
pethidine & tramadol
codeine, fentanyl, loperamide, morphine,
The Congo 0 2013 9(2.97) buprenorphine, dextromethorphan, 4 (80) 5(56)
remifentanil, sufentanil & tramadol
The Republic codeine, fentanyl, loperamide, methadone,
P 5.537 2011 8 (1.68) morphine, dextromethorphan, tramadol & | 5 (100) 3(39)
of Moldova . e
trimeperidine
The Republic codeine, fentanyl, methadone, morphine,
of North 26.076 2008 9 (2.30) alfentanil, pentazocine, remifentanil, 4 (80) 5(56)
Macedonia sufentanil & tramadol
Timor-Leste | 4.746 2015 4 (1.67) codeine, fentanyl, morphine & tramadol 3 (60) 1(25)
codeine, fentanyl, loperamide, morphine,
Togo 0.111 2012 9 (3.03) alfentanil, buprenorphine, dihydrocodeine, | 4 (80) 5(56)
sufentanil & tramadol
codeine, fentanyl, loperamide, morphine,
Tonga 4.003 2007 73.06) alfentanil, pethidine & pholcodine 4 (80) 3(&3)
Trinidad & codeine, fentanyl, loperamide, methadone,
11.087 2010 9(1.82) morphine, dextromethorphan, pethidine, 5(100) 4 (44)
Tobago .
pholcodine & tramadol
codeine, fentanyl, loperamide, morphine,
. alfentanil, buprenorphine,
Tunisia 2.739 2012 14 (1.93) dextromethorphan, dextropropoxyphene, 4 (80) 10 (71)
opium, pethidine & pholcodine
Tuvalu 2.03 2010 4(2.23) codeine, fentanyl, morphine & pethidine 3 (60) 1(25)
codeine, fentanyl, loperamide, morphine,
Uganda 2.034 2012 7(1.92) papaveretum, pethidine & remifentanil 4 (80) 3(43)
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Ukraine 10.253 2009 3(1.07) methadone, morphine & buprenorphine 2 (40) 1(33)
United
. codeine, loperamide, methadone, morphine,

Republl.c of 1.159 2013 6 (1.66) pethidine & tramadol 4 (80) 2 (33)

Tanzania
codeine, fentanyl, loperamide, methadone,

Uruguay 7.419 2011 8(1.52) morphine, dextromethorphan, pethidine & | 5 (100) 3(38)
tramadol

Vanuatu 0 2006 3(1.69) codeine, fentanyl & morphine 3 (60) 0(0)
codeine, fentanyl, loperamide, morphine,

Viet Nam 17.481 2008 9(1.14) dextromethorphan, dextropropoxyphene, 4 (80) 5(56)
pethidine, sufentanil & tramadol

Yemen 0 2009 3(1.20) fentanyl, morphine & pethidine 2 (40) 1(33)

. codeine, loperamide, morphine,
Zambia 1.55 2013 5(1.74) dihydrocodeine & pethidine 3 (60) 2 (40)
. codeine, fentanyl, loperamide, morphine,
Zimbabwe 2.407 2011 7 (2.02) alfentanil, pethidine & tramadol 4(80) 3(43)

- no consumption reported to the International Narcotics Control Board (INCB);

opioids in bold are listed in the 20" edition of the WHO Model List of Essential Medicines.
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Table S6: Opioids included in national essential medicines lists in descending order for each Anatomical

Therapeutic Classification (ATC) subgroup

Medicine (alternative name)

No. of countries list, n=137 (%)

Analgesics 136 (99%)
Morphine 130 (94.9)
Fentanyl 113 (82.5)
Codeine 94 (68.6)
Pethidine (Meperidine) 89 (65.0)
Tramadol 85 (62.0)
Oxycodone 22 (16.1)
Dihydrocodeine 18 (13.1)
Pentazocine 16 (11.7)
Dextropropoxyphene 11 (8.0)
Nalbuphine 11 (8.0)
Trimeperidine 8(5.8)
Opium 7(5.1)
Papaveretum 3(22)
Tapentadol 3(2.2)
Piritramide 2 (1.5)
Butorphanol 2 (1.5)
Pargeverine 2 (1.5)
Tilidine 2 (1.5)
Hydrocodone 2 (1.5)
Antidiarrheals 87 (64%)
Loperamide 83 (60.6)
Diphenoxylate 15 (11.0)
Eluxadoline 1(0.7)
Difenoxin 1(0.7)
Opioid substitution therapies 71 (52%)
Methadone 56 (40.9)
Buprenorphine 34 (24.8)
Diamorphine 1(0.7)
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Cough suppressants 34 (25%)
Dextromethorphan 40 (29.2)
Hydromorphone 14 (10.2)
Pholcodine 12 (8.8)
Noscapine 5@3.7)
Anesthetics 36 (26%)
Remifentanil (Remifentanyl) 22 (16.1)
Sufentanil (Sufentanyl) 19 (13.9)
Alfentanil 16 (11.7)
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Figure S1: Similarities with the WHO’s Model List of Essential Medicines for opioids.
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Figure S2: Differences from the WHO’s Model List of Essential Medicines for opioids.
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Table S7: Descriptive statistics of included variables for countries (n=137) with essential
medicines lists

Variable Median IQR
Annual mean consumption of opioids (mg per 2.03 0.13-6.79
person) (n=137)
Number of opioids on EMLs (n=137) 6 5-9
Population, 2016 (n=137) 9456000 | 2078000 -
28800000
Gross domestic product divided by 100 (GDP, $, 92 36-170
USD) per capita, 2017-18 (n=135)
Health expenditure ($, USD) per capita, 2015 2394 71.7 -
(n=134) 530.1
Human development index, 2016 (n=130) 0.706 0.553 -
0.776
Life expectancy (years), 2016 (n=129) 71.9 65.1-75.7
Corruption perception score, 2016 (n=122) 35 28 - 45
Region (n=137) Count %
Africa 42 30.7
Americas 30 21.9
Asia 31 22.6
Europe 22 16.1
Oceania 12 8.8
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Figure S3: Scatter plot of the relation between the square rooted 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.
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