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A B S T R A C T

Kratom use appears to be increasing across the United States, increasing attention to deaths in which kratom use
was detected. Most such deaths have been ascribed to fentanyl, heroin, benzodiazepines, prescription opioids,
cocaine and other causes (e.g., homicide, suicide and various preexisting diseases). Because kratom has certain
opioid-like effects (e.g., pain relief), and is used by some people as a substitute for opioids for pain or addiction,
kratom has been compared to “narcotic-like opioids” (e.g., morphine) with respect to risk of death despite
evidence that its primary alkaloid, mitragynine, carries little of the signature respiratory depressing effects of
morphine-like opioids. This commentary summarizes animal toxicology data, surveys and mortality data asso-
ciated with opioids and kratom to provide a basis for estimating relative mortality risk. Population-level mor-
tality estimates attributed to opioids as compared to kratom, and the per user mortality risks of opioids as
compared to kratom are provided. By any of our assessments, it appears that the risk of overdose death is> 1000
times greater for opioids than for kratom. The limitations of the mortality risk estimate warrants caution in
individuals with unknown factors such as use of other substances and medications, or other preexisting con-
ditions. More research on kratom safety and risks is needed, as is regulation of commercial kratom products to
ensure that consumers are informed by FDA labeling and that kratom products are not contaminated or
adulterated with other substances.

1. Introduction and background

Kratom use appears to be increasing across the United State (US),
drawing increased attention to deaths in which any level of kratom
alkaloids (e.g., mitragynine (MG) and 7-hydroxyMG) has been detected
in a decedent's plasma or any evidence suggesting that the decedent had
consumed kratom. Mitragynine is primarily used as a marker for kratom
exposure because it is the most prevalent alkaloid in kratom prepara-
tions whereas 7-hydroxyMG is generally at levels that are unlikely to
contribute to pharmacological effects (Kruegel and Grundmann, 2018).
The National Institute on Drug Abuse (NIDA, 2019a) provides the fol-
lowing summary on its “What is Kratom” web page:

There have been multiple reports of deaths in people who had ingested
kratom, but most have involved other substances. A 2019 paper ana-
lyzing data from the National Poison Data System found that between
2011-2017 there were 11 deaths associated with kratom exposure. Nine
of the 11 deaths reported in this study involved kratom plus other drugs

and medicines, such as diphenhydramine (an antihistamine), alcohol,
caffeine, benzodiazepines, fentanyl, and cocaine. Two deaths were re-
ported following exposure from kratom alone with no other reported
substances. In 2017, the FDA identified at least 44 deaths related to
kratom, with at least one case investigated as possible use of pure kratom.
The FDA reports note that many of the kratom-associated deaths ap-
peared to have resulted from adulterated products or taking kratom with
other potent substances, including illicit drugs, opioids, benzodiazepines,
alcohol, gabapentin, and over-the-counter medications, such as cough
syrup. Also, there have been some reports of kratom packaged as dietary
supplements or dietary ingredients that were laced with other compounds
that caused deaths. People should check with their health care providers
about the safety of mixing kratom with other medicines. [Italics added].

As implied by NIDA's summary, the actual contribution of kratom to
these deaths is uncertain. Similarly, as discussed in a Centers for Disease
Control and Prevention's (CDC) Morbidity and Mortality Weekly Report
(MMWR) of 91 deaths that medical examiners and coroners had listed
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as “kratom involved” most included evidence of fentanyl, heroin,
benzodiazepines, prescription opioids, and/or cocaine (Gershman et al.,
2019; Olsen et al., 2019). In the seven cases that did not list a drug
other than kratom as being detected, the authors noted that exposure to
other drugs could not be ruled out due to inconsistencies in testing by
medical examiners. The MMWR report drew no conclusion about the
potential contribution of kratom to any of the deaths beyond stating
that some level of exposure had occurred. The high variability of mi-
tragynine levels ranging from 5.6–29,000 ng/mL detected in deaths
associated with kratom exposure furthermore questions the association
between mitragynine levels and toxicity (Papsun et al., 2019). None-
theless, media headlines include phrases such as “kratom-linked”
deaths, “kratom overdose deaths”, and “kratom deaths” (see e.g.,
Galvin, 2019; Kaur, 2019; Miller, 2019).

In fact, while the contribution of kratom to death in some cases
cannot be ruled out, there has yet to be an overdose death from kratom
alone in either the US or South East Asia where heavy kratom use is
common (Prozialeck et al., 2019). This is consistent with pharmaco-
logic studies and epidemiological investigations in Southeast Asia of
kratom, which indicate that, in contrast to morphine-like opioids,
kratom fails to produce life-threatening respiratory depression and
generally is not associated with the personal and societal impairment
associated with morphine-like opioids (Prozialeck et al., 2019; Singh
et al., 2017; Veltri and Grundmann, 2019). This is likely because MG
and 7-hydroxyMG function as partial agonists with respect to re-
spiratory depressant effects due to their G-protein biased signaling
mechanism of action (Kruegel et al., 2016; Kruegel and Grundmann,
2018; Váradi et al., 2016).

Animal studies that have attempted to determine the lethal dose of
kratom have also failed to document acute overdose deaths with similar
symptoms to morphine. Rather they have found that at dose equivalents
of hundreds or more times the typical human dose range, some animals
die over days or weeks due to a variety of causes unrelated to re-
spiratory depression (Henningfield et al., 2018a; Prozialeck et al.,
2019). For example, a study in which 100mg/kg MG, p.o. administered
to rats for 28 days produced only an increase in liver weight
(Sabetghadam et al., 2013). No evidence of toxicity was found at doses
as high as 920mg/kg MG in dogs (Macko et al., 1972), or as high as
807mg/kg MG in rats (Macko et al., 1972). Studies in rats reported
lethal effects of 200mg/kg total alkaloid extract of M. speciosa given
intragastrically (Azizi et al., 2010; Janchawee et al., 2007); however,
respiratory depression was not observed.

2. Surveillance data and user estimates can inform relative
mortality risk

There is no nationally projectable survey for estimating the number
of kratom consumers in the U.S.; however, it appears plausible that
there are presently approximately 10–16 million or more current, reg-
ular kratom users in the US.1 This suggests that there may be 48 million
or more kratom exposures per month or 576 million per year over the
past 1–2 years, which in turn suggests a very low rate of serious adverse
events and deaths involving kratom.

Four internet surveys of> 20,000 kratom users,> 20,000 com-
ments to the Drug Enforcement Administration (DEA), and a survey
of> 500 people in treatment for opioid use disorder indicate that some

fraction of kratom consumers are using kratom as an alternative to
opioids (Coe et al., 2019; Grundmann, 2017a, 2017b; Henningfield
et al., 2018a; Smith and Lawson, 2017). The opioids had been used for
self-treating pain or addiction, and a prevailing motivator is the user's
assumption that kratom carries far less risk of overdose death. This is
consistent with opinions of many kratom experts in the US (Grundmann
et al., 2018; Swogger and Walsh, 2018; Henningfield et al., 2018a,
2018b), as well as in South East Asia where kratom use is very common
by itself and in place of opioids (Prozialeck et al., 2019).

In the context of the US opioid epidemic in which 46,600 opioid-
attributed deaths were estimated by the CDC in 2017 (CDC, 2018), and
which has been rapidly escalating for more than a decade (Jalal et al.,
2018), it is important to provide some basis for estimating the relative
risk of kratom-associated deaths as compared to morphine-like opioids.
Some insight can be provided by a comparison of the numbers of deaths
attributed to opioids with the numbers that have been reported as
possibly involving kratom by the Food and Drug Administration (FDA)
and NIDA. Two approaches are presented in Tables 1 and 2.

Table 1 provides a comparison of deaths attributed to opioids
(primarily fentanyl, heroin, and prescription opioids) in the US in 2017,
with various estimates of deaths that have been reported by the FDA as
“associated with” kratom. The table includes the 432 kratom-associated
deaths reported by FDA from the years 2011 to 2017, as well as an
estimate that excludes deaths in which other causes of death were es-
tablished as more likely than kratom, and an estimate of deaths from
2016 and 2017 in the US only to provide a more comparable basis to
opioid deaths that are based on 2017 data.

Table 2 provides comparisons of death rates and relative risks per
estimated number of kratom users and nonmedical opioid users.

Because all currently available information about the kratom user
population comes from online or small sample surveys, the actual
number of kratom users may vary considerably from the estimated
approximately 16 million. However, the current number is the best and
most conservative estimate for the US.

In all cases of kratom-associated, kratom-involved, kratom-positive,
or kratom-reported cases the actual substance reported was the indole
alkaloid, MG. In some cases, the substance was semi-quantified while in
others it was simply reported as positive assuming the presence of
kratom extract. In still other cases, the substance was assumed based on
reports of use from family members. However, there is currently no
correlation between MG blood levels and observed behavioral, adverse,
or lethal effects. It is therefore unclear whether MG serves as a good
indicator for reporting kratom intoxication and especially a kratom
fatality. Some animal in vitro and in vivo experiments indicate that the
structural analogue 7-hydroxy-MG may have a stronger affinity for the
opioid receptor and pose a higher mortality risk. There are also initial
studies showing that MG is metabolized to 7-hydroxy-MG by the liver;
thus, the degree of potential toxicity may be limited and subject to
interindividual metabolic variability (Kamble et al., 2019; Avery et al.,
2019; Kruegel et al., 2019). As discussed by Kruegel et al. (2019), the
processes mediating the metabolism of MG to 7-hydroxy-MG and the
neuropharmacology of these substances may help explain the new
findings related to mitragynine and the more favorable safety profile as
compared to other substances that have morphine-like opioid receptor
agonist activity.

3. Conclusions

Kratom is not without risk, but the risk estimates as calculated by
any of the approaches used, relative to opioids, suggest that morphine-
like opioids carry an overdose risk of a thousand or more times greater
than kratom. This conclusion has the limitation that some kratom users

1 The American Kratom Association surveyed export data from several
Indonesian kratom grower's commercial export associations that document an
average of 1.950 metric tons of kratom are exported on a monthly basis to the
U.S. Based on an estimated daily 4–6 g/day per consumer, this yields a potential
range 10.83 million–16.25 million kratom consumers. This should be con-
sidered a very rough estimate that does not account for heavy kratom users or
the number of light non-daily users, which surveys suggest represent the ma-
jority of current kratom users. See http://www.americankratom.org/images/
Kratom_Population_2019.pdf.

2 Although FDA released 44 reports of kratom associated deaths, at least one
case was reported twice as ID Nos. 14449343 and 14254346.
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inherently carry or assume factors that might greatly increase the risk of
kratom-associated mortality, e.g., use in combination with opioids, se-
datives, alcohol or other drugs, or some preexisting disease states that
may make kratom use especially risky. The fact that the causes of
deaths that were associated with kratom use varied widely and included
liver disease, homicide, suicide, trauma, and overdose with clearly le-
thal levels of other drugs (Babin, 2018; FDA, 2017; Henningfield et al.,
2018b), cannot form the basis for concluding that co-existing conditions
make kratom use more or less risky compared to opioids.

More studies of kratom safety are needed. As kratom use continues
to increase, it is likely that among the 2,813,503 total US deaths per
year (Kochanek et al., 2019), an increasing number will be cases in
which kratom use was suspected or detected without determination or
consideration of the potential involvement of other licit and/or illicit
drug(s), in part due to inadequate postmortem toxicology data and
testing protocols (Olsen et al., 2019; Gershman et al., 2019). While
toxicology data in humans needs to be further explored, initial data
indicate that long-term kratom use in traditional settings does not result
in changes in several biochemical parameters related to safety (Singh
et al., 2018). In addition, as is the case with many other dietary and
herbal supplements, it is possible that adverse effects may result from
interactions of kratom with other herbs as well as with medicines.
Further studies will be important to guide labeling and consumer in-
formation. Of particular importance is a major nationally projectable

survey that would provide a basis for estimating the number of past
year and past month kratom users, amount of use, mode or type of
kratom use, reasons for use, association with illness and other drug and
substance use, and the extent and geographic distribution of people
using kratom in place of opioids who might be at risk of relapse to
opioid use if kratom was banned at the local, state or federal level.
Because many deaths possibly involving kratom appear to have also
involved opioids and other drugs that are known to carry a high risk of
overdose death, a regulatory approach that establishes standards for
kratom product purity, packaging, labeling, and alkaloid content is
urgently needed to reduce the risks for persons who purchase lawfully
marketed products. In this context, it is promising that four states have
passed kratom consumer protection laws setting standards for kratom
purity, labeling, minimum age of purchase, requiring registration and
will include oversight. Legislators in other states are developing similar
proposals (American Kratom Association, 2019).
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Table 1
Deaths associated with kratom and opioids estimated for 2017.

Drug class Number of associated deaths
estimated to have occurred in 2017

Past year use Number of deaths in the (US) in
2017: ratio of opioids to kratom

Any morphine-like opioid including, licit and illicit
fentanyl, heroin and oxycodone

47,600a 1.7 million suffering from OUD
652,000 suffering from heroin use disorder
(not mutually exclusive)b

11,401,000 past year heroin use or pain
reliever misuse c,d

Prescription opioids 17,029c,e, f, g

Kratom 6 10.83 million–16.25 million (see basis in
footnote 1, supra)

7933 to 1

Compared to prescription opioids 2838 to 1
General population 2.7 million deaths in the US 327 million US population

a CDC, 2018, supra.
b NIDA, 2019c, supra.
c Substance Abuse and Mental Health Services Administration (SAMHSA, National Survey on Drug Use and Health (NSDUH), Data Tables, 2017.
d
Does not include use with prescription and under guidance from a healthcare professional.

e NIDA, 2019b, supra.
f See also Sullum, 2019, supra, stating that 68% of prescription opioid overdose deaths also involved heroin, fentanyl, cocaine, barbiturates, benzodiazepines, or

alcohol.
g As discussed by Scholten and Henningfield (2016a, 2016b), properly prescribed opioids carry a low risk of overdose or abuse, but prescription opioid associated

reports typically include people who were not prescribed or who obtained prescriptions without legitimate medical need. Further, as discussed by Sullum, other
substances (licit and illicit) appear to be strong drivers of overdose attributed to prescription opioids.

Table 2
Death rate and relative risks per estimated number of kratom users and nonmedical opioid users.

Drug class Number of deaths “associated with kratom by the in FDA in
2017”

Use in past year Death rate for past year use Risk relative to kratom use

Kratom (estimate avg. 4 g/day/user) 6a (2017) 16,250,254b 0.000000369 1
Kratom (estimate avg. 6 g/day/user) 6c (2017) 10,833,502d 0.000000554 1
Any opioid 47,600e (2017) 11,401,000f 0.0042 11,382.1:1
Heroin 15,482g (2017) 324,000h 0.048 130,081.3:1

a Revised from the 44 deaths listed by FDA (2017) based on duplication of decadent ID No. 14449343 under ID No. 14254346.
b
Based on American Kratom Association kratom tonnage import data and an estimated daily 4 g/day user base.

c Revised from the 44 deaths listed by FDA (2017) based on duplication of decedent ID No. 14449343 under ID No. 14254346.
d
Based on kratom tonnage import data and an estimated daily 6 g/day user base.

e CDC, 2018, supra.
f Substance Abuse and Mental Health Services Administration (SAMHSA) (2017), Center for Behavioral Health Statistics and Quality, 2018.
g NIDA, 2019b, supra.
h Heroin users who did not use other opioids as described in SAMHSA, 2017, supra.
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