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Abstract
There have been increasing concerns about adverse effects and drug interac-
tions with meperidine. The goal of this study was to characterize meperidine use 
in	 the	 United	 States.	 Meperidine	 distribution	 data	 were	 obtained	 from	 the	 Drug	
Enforcement	 Administration's	 Automated	 of	 Reports	 and	 Consolidated	 Orders	
System.	The	Medicare	Part	D	Prescriber	Public	Use	File	was	utilized	to	capture	overall	
trends	 in	national	prescriptions	 in	 this	observational	 report.	Nationally,	meperidine	
distribution	 decreased	 by	 94.6%	 from	 2001	 to	 2019.	 In	 2019,	 Arkansas,	 Alabama,	
Oklahoma,	and	Mississippi	saw	significantly	greater	distribution	when	compared	with	
the	US	state	average	of	9.27	mg	per	10	persons	(SD	=	6.82).	Meperidine	distribution	
showed	an	18-	fold	difference	between	the	highest	state	 (Arkansas	=	36.8	mg)	and	
lowest	 state	 (Minnesota	=	2.1	mg).	 Five	of	 the	 six	 states	with	 the	 lowest	distribu-
tion	were	 in	 the	Northeast.	Meperidine	 distribution	 per	 state	was	 correlated	with	
the	prevalence	of	adult	obesity	(r(48)	=	+0.48,	p	<	.001).	Family	medicine	and	internal	
medicine	physicians	accounted	for	28.9%	and	20.5%,	respectively,	of	meperidine	total	
daily	supply	(TDS)	in	2017.	Interventional	pain	management	(5.66)	and	pain	manage-
ment	(3.48)	physicians	accounted	for	the	longest	TDS	per	provider.	The	use	of	me-
peridine declined over the last two decades. Meperidine varied by geographic region 
with	south-	central	states,	and	those	with	more	obesity,	showing	greater	distribution.	
Primary	care	doctors	continue	to	account	for	the	majority	of	meperidine	daily	supply.	
Increasing	knowledge	of	meperidine's	undesirable	adverse	effects	 like	seizures	and	
serious	drug–	drug	interactions	is	likely	responsible	for	these	pronounced	reductions.
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1  |  INTRODUC TION

Meperidine	was	first	synthesized	in	1938	by	Otto	Eisleb	as	a	novel	
anticholinergic.1	Meperidine's	analgesic	properties	were	later	discov-
ered	and	it	was	approved	by	the	US	Food	and	Drug	Administration	
in 1942.2 Meperidine has an oral bioavailability of 30%– 60% and 
about	one-	third	the	analgesic	potency	of	morphine.	This	agent	was	
the	analgesic	of	choice	in	the	United	States	in	the	latter	half	of	the	
20th century.3 Opioids are employed for the abdominal pain resulting 
from	acute	pancreatitis,	although	meperidine	did	not	produce	greater	
benefits than buprenorphine.4 Meperidine was thought to have an 
improved safety profile and lower potential for abuse compared to 
traditional	 opioids.	However,	 it	was	 later	 discovered	 that	 claims	of	
decreased	risk	of	addiction	were	untrue.5	The	US	Drug	Enforcement	
Administration	 (DEA)	 categorizes	meperidine	 as	 a	 Schedule	 II	 con-
trolled	substance	with	a	high	potential	for	abuse,	with	use	potentially	
leading to severe psychological or physical dependence.6	The	DEA	
has	 production	 quotas	 for	 Schedule	 II	 substances	 and	 the	 extent	
of any diversion is considered when establishing these annually.7 
Moreover,	meperidine's	misuse	potential	is	higher	than	that	of	many	
other opioids due to its rapid onset of action.8	Attempts	at	home	syn-
thesis	of	a	meperidine	analog	 in	the	Barry	Kidston	case	resulted	 in	
MPTP	which	became	an	important	research	tool	to	study	Parkinson's	
disease	 in	 experimental	 animals	 as	 the	 symptoms	 (akinetic	 move-
ments,	 fixed	 facial	 expression,	 drooling,	 shuffling	 gait	with	 varying	
degrees	of	tremor,	a	positive	response	to	levodopa)	and	neuropathol-
ogy	 (loss	of	dopaminergic	neurons	 in	 the	 substantia	nigra)	 showed	
many similarities with this neurodegenerative disease.9,10

Like	all	phenylpiperidine	opioids,	meperidine	 is	a	weak	serotonin	
reuptake	 inhibitor.	 However,	 the	 most	 serious	 adverse	 effects	 as-
sociated with meperidine are due to its metabolite normeperidine 
which	 possesses	 agonist	 activity	 at	 the	 serotonin	 5-	HT2A receptor. 
Thus,	build-	up	of	normeperidine	via	renal	insufficiency	or	concurrent	
administration of meperidine with drugs possessing serotonergic ac-
tivity	 (SSRIs,	 MAOIs,	 etc.)	 may	 precipitate	 serotonin	 syndrome.11-	14 
Serotonin	syndrome	is	marked	by	a	triad	of	symptoms	including	altered	
mental	status,	neuromuscular	abnormalities,	and	autonomic	hyperac-
tivity.	In	mild	cases,	the	symptoms	are	generally	limited	to	autonomic	
disturbances	such	as	tachycardia,	hypertension,	and	mydriasis,	among	
others.	 If	activity	at	serotonin	receptors	continues	to	 increase,	sero-
tonin	 syndrome	 symptomatology	 may	 proceed	 to	 seizures,	 coma,	
rhabdomyolysis,	metabolic	acidosis,	or	even,	 in	the	unfortunate	case	
of	 Libby	 Zion	 involving	meperidine,	 phenelzine,	 and	 cocaine,	 death.	
The	Zion	case	prompted	calls	 for	 reductions	 in	US	resident	hours.15 
While	meperidine	has	a	short	half-	life	(2.5–	4	h),	its	neurotoxic	metab-
olite,	normeperidine,	has	a	half-	life	of	4–	21	h.16	Due	to	meperidine's	
relatively	 short	duration	of	 action,	multiple	daily	doses	are	 required	
for	chronic	pain	control,	leading	to	a	build-	up	of	normeperidine.	This	
build	up	 is	exaggerated	 in	patients	with	 renal	disease	and	 in	 the	el-
derly.17	The	2012–	2019	Beers	Criteria	strongly	recommended	avoid-
ing meperidine in older adults.18 Meperidine also was removed from 
the	World	Health	Organization's	Model	List	of	Essential	Medicines	in	
2003.	With	meperidine's	 prominent	 adverse	effect	profile	 and	 little	

added	 benefit	 compared	 to	 other	 analgesics,	 the	 question	must	 be	
asked,	why	 is	 this	agent	still	being	used	 in	 the	United	States?	As	no	
recent national pharmacoepidemiological studies have focused on me-
peridine,	our	goals	were	to	characterize	changes	in	meperidine	distri-
bution	and	use	between	2001	and	2019,	examine	regional	disparities	
in	meperidine	use	as	reported	to	the	DEA,	and	determine	meperidine	
prescriber	characteristics	using	 the	Medicare	Part	D	Public	Use	File	
(PUF).	We	hypothesized	that	there	would	be	a	reduction	in	meperidine	
distribution and use over the past two decades and sizable regional 
disparities.	In	addition,	exploratory	analyses	were	completed	to	(1)	de-
scribe	how	the	DEA’s	production	quota	for	meperidine	has	changed	
during	this	interval;	(2)	identify	the	Medicare	prescribers	that	continue	
to	use	meperidine;	and	(3)	assess	whether	there	was	a	correlation	at	
the state level between the prevalence of obesity and meperidine use.

2  |  MATERIAL S AND METHODS

2.1  |  Procedures

Volume of meperidine distributed was obtained in this longitu-
dinal	 observational	 study	 from	 the	 DEA’s	 Automated	 of	 Reports	
and	Consolidated	Orders	System	(ARCOS)	retail	drug	summary	re-
ports	for	the	years	2001	through	2019	in	all	50	states.	ARCOS	is	a	
comprehensive	of	Schedule	 II	substance	distribution	 in	the	United	
States.	 Prior	 research	 has	 shown	 a	 high	 correspondence	 between	
ARCOS	and	state	prescription	drug	monitoring	programs.19,20 Data 
were	obtained	by	state	(Report	2)	and	retail	type	(Report	7).21 The 
yearly final aggregate production quotas for meperidine and inter-
mediates	A–	C	was	also	obtained	from	2001	through	2021.22,23 The 
Medicare	 Part	 D	 Prescriber	 PUF	 was	 obtained	 for	 2013	 through	
2017.24	Medicare	provided	coverage	for	17.4%	of	the	US	population	
in 2017.25 The year 2017 was chosen because it is the last year for 
which	data	were	available	when	data	analysis	was	completed	(July,	
2020).	The	institutional	review	board	(IRB)	of	the	University	of	New	
England	deemed	these	data	sources	to	be	exempt.	The	procedures	
used	in	this	study	adhere	to	the	tenets	of	the	Declaration	of	Helsinki.

2.2  |  Data analysis

ARCOS	retail	distribution	was	reported	in	the	aggregate	and	by	three	
specific	categories:	hospitals,	pharmacies,	and	practitioners	(DEA	busi-
ness	activities	A,	B,	and	C,	respectively).	The	DEA	defines	practitioners	
as	“physician,	dentist,	veterinarian,	or	other	individual	licensed,	regis-
tered,	or	otherwise	permitted,	by	the	United	States	or	the	jurisdiction	
in	which	he/she	practices,	 to	dispense	a	controlled	substance	 in	 the	
course	of	professional	practice,	but	does	not	 include	a	pharmacist,	a	
pharmacy,	 or	 an	 institutional	 practitioner”.26 Distribution data for 
teaching	institutions,	a	category	 indicating	non-	human	use,	were	not	
displayed separately due to minute and sporadic volumes and are avail-
able elsewhere.26 The volume of meperidine distributed each year as 
reported	by	ARCOS	was	corrected	with	US	Census	Bureau	population	
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estimates.	States	were	ranked	and	values	outside	of	1.96	standard	de-
viations	from	the	average	were	considered	statistically	significant.	As	
obesity	is	a	risk	factor	for	acute	pancreatitis,28 the prevalence of adult 
obesity per state in 2019 was obtained from the Centers for Disease 
Control	and	Prevention's	Behavioral	Risk	Factor	Surveillance	System	
and correlated with per capita meperidine distribution.28	Heat	maps	
were	created	with	Excel	to	visualize	distribution	disparities.

Medicare	Part	D	PUF	data	were	used	to	plot	two	variables	over	
time,	 total	 daily	 supply	 (TDS)	 and	 total	 drug	 cost	 (TDC).	 TDS	was	
defined	 as	 “The	 aggregate	 number	 of	 day's	 supply	 for	 which	 this	
drug	was	dispensed.”	TDC	was	defined	as	“The	aggregate	drug	cost	
paid	for	all	associated	claims.	This	amount	includes	ingredient	cost,	
dispensing	fee,	sales	tax,	and	any	applicable	vaccine	administration	
fees	and	is	based	on	the	amounts	paid	by	the	Part	D	plan,	Medicare	
beneficiary,	 government	 subsidies,	 and	 any	 other	 third-	party	 pay-
ers.”	 In	 addition,	 for	 each	 year,	 TDS	 was	 examined	 by	 prescriber	
specialty. This allowed us to analyze which specialties accounted for 
the	 largest	volume	of	the	TDS.	Finally,	TDS	for	each	specialty	was	
divided by the number of Medicare providers in that specialty to cal-
culate TDS per provider. Specialties with fewer than 200 Medicare 
prescribers	were	excluded	from	the	analysis.	Linear	regressions	over	
time	and	figures	were	completed	with	GraphPad	Prism.

3  |  RESULTS

The	total	distribution	of	meperidine,	as	reported	to	the	DEA	between	
2001	and	2019,	decreased	by	94.6%.	A	linear	regression	of	national	dis-
tribution	over	time	was	significant	(R2(18)	=	.978,	p	<	.0001,	Figure	1A).	
The	total	population	of	the	US	increased	by	15.1%	during	this	interval	
(285.0–	328.2	 million).	 All	 states	 experienced	 appreciable	 decreases	
in meperidine distribution per capita during the period under review. 
Iowa	(−87.5%),	Vermont	(−90.2%),	and	Arkansas	(−92.2%)	had	the	small-
est	reductions	while	Alaska	(−97.7%),	Connecticut	(−98.0%),	and	Rhode	
Island	(−98.1%)	had	the	largest	(Figure	S1).	Further	analysis	examined	
distribution	 by	 business	 activity.	 In	 2001,	 hospitals	 and	 pharmacies	
each	accounted	for	nearly	half	of	meperidine	distribution	(49.0%	and	
49.3%,	respectively)	while	practitioners	were	responsible	for	1.7%	of	
distribution.	 In	2019,	distribution	was	similar	for	pharmacies	 (48.2%)	

but	 lower	 for	 hospitals	 (41.3%)	 and	 higher	 for	 practitioners	 (10.4%,	
Figure	S2).	The	decline	from	2001	to	2019	for	practitioners	(−67.2%)	
was	 less	 than	 that	 for	 pharmacies	 (−94.7%)	 and	 hospitals	 (−95.5%).	
Hospital	reductions	began	in	2003	while	those	of	pharmacies	did	not	
become	pronounced	until	2009	(Figure	1B).

Pronounced	regional	variation	was	observed	in	the	2019	meperi-
dine distribution when corrected for population. Meperidine distribu-
tion	was	highest	in	Arkansas	(36.8	mg/10	persons),	which	was	17.9-	fold	
larger	 than	 in	 the	 lowest	 state	 (Minnesota	=	2.1).	 Furthermore,	 re-
gional	 analysis	 showed	 that	 three	 states	 near	 Arkansas	 (Alabama,	
Oklahoma,	 and	Mississippi)	 represented	 the	2nd	 to	4th	 largest	dis-
tribution	per	10	persons	(Figure	S3).	Meperidine	distribution	in	each	
of these four states was significantly elevated relative to that of the 
average	of	the	all-	states	average	(Figure	2).	This	four-	state	region	ac-
counted for 13.8% of the meperidine distributed in 2019 although 
only	4.5%	of	the	US	population	resided	in	these	states.	Five	of	the	six	
states	with	the	lowest	distribution	were	in	the	Northeast.

An	 exploratory	 analysis	 was	 completed	 to	 determine	whether	
there was an association between meperidine distribution and the 
prevalence of obesity per state in 2019. States with higher rates 
of	 obesity	 also	 had	 higher	meperidine	 distribution	 (R2(48)	 =	 .230,	
p	<	.001,	Figure	3).	This	association	was	retained	with	the	top	four	
most	prevalent	states	removed	(R2(44)	=	.206,	p	<	.005).	The	DEA’s	
aggregate production quota for meperidine decreased 91.6% be-
tween	2001	(10,168	kg)	and	2020	(856.7	kg,	Figure	S4).

Analysis	of	Medicare	data	revealed	that	between	2013	and	2017,	
TDS of meperidine decreased by 30.3% while TDC increased by 
34.9%	($948,702	in	2017).	In	2017,	Medicare	family	practice	(28.9%)	
and	 internal	medicine	 (20.5%)	physicians	 accounted	 for	 the	 largest	
portion	 of	meperidine	 TDS.	However,	 interventional	 pain	manage-
ment	(5.66)	and	pain	management	(3.48)	physicians	accounted	for	the	
longest	TDS	per	provider	compared	to	family	medicine	(0.69)	and	in-
ternal	medicine	(0.40).	Further	information	is	found	in	Figures	S5–	S9.

4  |  DISCUSSION

Overall,	the	United	States	saw	a	decrease	of	nearly	95%	in	meperi-
dine distribution between 2001 and 2019. Meperidine has played an 

F I G U R E  1 Meperidine	total	
distribution	in	the	United	States	by	weight	
over time [r(17)	=	−.989,	p < .0001] with 
95%	CI	(A)	and	by	business	activity	(B)	
from 2001 to 2019 as reported by the 
Drug	Enforcement	Administration's	
Automated	Reports	and	Consolidated	
Orders System
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important	role	in	the	history	of	US	medicine	and	pain	management.	
The	Kidston	case	 involving	Parkinsonian	 symptoms	 following	 syn-
thesis of a meperidine analog attracted considerable attention.9,10 
Meperidine's	 ability	 to	 induce	 a	 lethal	 serotonin	 syndrome	 when	
combined	with	 other	 drugs	 in	 the	 Zion	 case	 changed	 the	 training	
of medical residents.15	 The	 American	 Pain	 Society	 began	 advo-
cating for restricted meperidine use in the late 1990s.29	Although	
hospitals,	 pharmacies,	 and	 practitioners	 have	 decreased	 their	 use	
substantially,	 individual	 practitioners	 have	 done	 so	 at	 a	 reduced	
rate compared to hospitals and pharmacies. Continuing education 
may be indicated for these providers in order to address this prob-
lem.	As	the	DEA’s	final	aggregate	production	quotas	for	meperidine	
(856.7	kg)	for	2021	are	a	55.2%	reduction	relative	to	2018,22,23 this 
may provide an added impetus to encourage healthcare systems to 
consider alternative agents.

While the large overall decrease in meperidine use as reported to 
the	DEA	was	not	unexpected,19 the pronounced geographic variance 

was	surprising.	The	identification	of	the	Arkansas,	Alabama,	Oklahoma,	
and	Mississippi	region	is	crucial	to	understand	meperidine's	pharma-
coepidemiological trends and presents a target for further mitigation 
of	meperidine	use.	The	reason	for	the	exaggerated	meperidine	use	in	
this	region	is	unclear.	However,	we	do	know	that	this	agent	is	“indi-
cated”	 in	the	setting	of	acute	pancreatitis.30 Traditional medical ed-
ucation has taught that meperidine mitigates spasm at the sphincter 
of	Oddi	compared	to	other	opioids.	Following	this	logic,	meperidine	
should	 be	 employed	 in	 the	 setting	 of	 acute	 pancreatitis.	 Although	
surgeons	have	been	following	this	practice	for	decades,	there	is	actu-
ally no evidence to support the claim that meperidine does not cause 
sphincter	 spasm.	 Furthermore,	 no	 comparative	 studies	 have	 been	
conducted to evaluate outcomes in patients with acute pancreatitis 
administered traditional opiates such as morphine versus meperi-
dine.30	Although	it	is	difficult	to	ascertain	rates	of	acute	pancreatitis	
by	region	in	the	United	States,	it	is	possible	to	study	risk	factors	on	a	
geographic	basis.	Risk	factors	associated	with	acute	pancreatitis	 in-
clude	alcohol	use,	tobacco	use,	and	obesity.31,32	Obesity	is	also	a	risk	
factor for the development of severe acute pancreatitis.33 Mississippi 
has	the	highest	rate	of	obesity	in	the	United	States,	with	an	adult	rate	
of	40.8%,	and	Arkansas,	Alabama,	and	Oklahoma	each	have	obesity	
rates over 36%.28	A	statistically	significant	association	was	identified	
between	rates	of	obesity	and	meperidine	distribution.	However,	this	
intriguing correlation should be viewed as tentative until verified 
using	electronic	medical	 records.	The	18-	fold	difference	 in	meperi-
dine	use	between	 the	highest-	utilizing	and	 lowest-	utilizing	 states	 is	
comparable	to	the	20-	fold	difference	identified	for	buprenorphine	34 
and	larger	than	the	5-	fold	difference	in	the	per	capita	morphine	milli-
gram equivalent for 10 opioids.18

F I G U R E  2 Meperidine	distribution	per	10	persons	by	state	
in	2019	as	reported	by	the	Drug	Enforcement	Administration's	
Automated	Reports	and	Consolidated	Orders	System.	*p	<	.05	
versus	the	average	(9.28	±	6.82)

F I G U R E  3 Scatterplot	depicting	the	association	of	percent	
obesity	according	to	the	Behavioral	Risk	Factor	Surveillance	
System29 by meperidine distribution per 10 persons per state 
in	2019	as	reported	by	the	Drug	Enforcement	Administration's	
Automated	Reports	and	Consolidated	Orders	System	(r(48)	=	+.479,	
p	<	.001)
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Medicare	Part	D	data	 indicated	that	TDS	decreased	substan-
tially	from	2013	to	2017.	This	is	exactly	what	we	would	expect	to	
see	after	examining	the	nationwide	trends	per	ARCOS.	However,	
Medicare	Part	D	data	also	revealed	that	the	TDC	increased	34.9%	
over	 the	 same	 period	 to	 over	 $900,000.	 The	 reason	 for	 the	 di-
vergent trend in TDC compared to TDS is unclear. It is possible 
that the increasing drug cost of meperidine is due to policies 35,36 
that	discourage	its	use.	Analysis	of	Medicare	Part	D	data	revealed	
that family medicine and internal medicine specialties contributed 
the	greatest	proportion	of	TDS.	This	is	most	likely	because	many	
physicians	in	the	United	States	practice	in	primary	care.	Moreover,	
the two largest specialties in the realm of primary care are family 
medicine	 and	 internal	medicine.	 In	 2010,	 21.5%	of	 primary	 care	
doctors practiced internal medicine while 38.2% practiced family 
medicine.20	Although	the	large	volume	of	TDS	coming	from	these	
specialties	is	likely	accounted	for	by	their	large	physician	popula-
tions,	internists	and	family	medicine	providers	may	still	represent	
a target for continuing education to encourage reduced meperi-
dine use. When accounting for the physician population specifi-
cally,	we	found	that	pain	specialists	practicing	interventional	pain	
management and pain management specialists accounted for the 
largest	 volume	of	 TDS	per	 provider.	However,	 it	 is	 important	 to	
note that they contribute a modest amount of TDS to the sum. 
Furthermore,	 these	 specialists	 undergo	 extensive	 training	 that	
may	 better	 inform	 them	of	 risk	 versus	 reward	when	 prescribing	
meperidine relative to primary care physicians.

There	are	 some	strengths	and	 limitations	 to	 this	 study.	ARCOS	
is a comprehensive and publicly available data source frequently 
used in research.19,20,27,35,37	Meperidine	is	used	for	acute	pain	in	non-	
humans.	Although	the	portion	of	non-	human	meperidine	use	is	minis-
cule,27,38 this modest subset cannot readily be isolated from the total 
for	the	pharmacy	business	activity.	The	use	of	each	state's	adult	prev-
alence	of	obesity	as	a	proxy	for	pancreatitis,	although	plausible,28,39 
should	be	verified	with	future	studies	including	examining	obesity,	or	
quantifying	visceral	adipose	tissue	at	a	patient,	instead	of	population,	
level.	There	is	the	possibility	that	state-	level	differences	in	adherence	
to	current	evidence-	based	pharmacotherapeutic	practices	could	be	
a confounding factor. Medicare served almost 60 million beneficia-
ries in 2017.25	Another	 limitation	of	 this	 study	was	 the	 lack	of	 full	
prescribing patterns to compare all meperidine distributions across 
specialties	with	the	Medicare	Part	D	PUF.	Of	course,	the	Medicare	
findings may not generalize to other younger patient populations. 
Additional	studies	using	data	from	other	health	insurance	providers	
or electronic medical records can help elucidate further insights into 
who continues to use meperidine and for which conditions.

5  |  CONCLUSIONS

While	the	use	of	meperidine	continues	to	decrease	across	the	United	
States,	the	reduction	has	not	been	consistent	in	all	areas	or	within	
all	 specialties;	 therefore,	 our	 analysis	 has	 revealed	 possible	 areas	
for further mitigation efforts. The evidence is clear that meperidine 

puts	patients	at	increased	risk	with	little	to	no	added	benefit	com-
pared to other opioids. Targeted education for healthcare systems in 
the	four-	state	region	identified	(Arkansas,	Alabama,	Oklahoma,	and	
Mississippi)	may	lead	to	improved	patient	safety.
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