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ABSTRACT

Kratom (Mitragyna speciosa) is increasingly used in the US for self-management of pain, despite limited research
on its efficacy and safety. To better understand how and why people use kratom for pain self-management, we
analyzed baseline survey data (N = 395) and 15-day ecological momentary assessment (EMA) data (N = 357)
from kratom consumers across the US. Although we recruited participants based on their kratom use, not on
whether they used it for pain management, nearly half (49.1 %) met criteria for chronic pain, with many
reporting substantial pain relief and high effectiveness of kratom in managing pain. A majority (69.2 %) reported
difficulties in obtaining adequate pain treatment, and most indicated that these challenges impacted their de-
cision to try kratom. Most participants did not report concerns about overuse or significant side effects. EMA data
showed that, regardless of chronic-pain status, pain relief was the most frequently endorsed primary motivation
for daily kratom use. There were no significant association between daily pain levels and kratom use frequency,
and no difference in the daily kratom use between those with vs. without chronic pain. Recent kratom use was
associated with lower current pain levels. Stronger subjective effects of kratom were associated with lower pain
levels. This effect was significantly moderated by chronic-pain status: those with chronic pain showed a stronger
link between subjective kratom effects and pain reduction. These findings underscore the urgent need for sys-
tematic, rigorous research on long-term implications, efficacy, and safety of kratom in pain management to guide
informed clinical practices and regulatory policies.

Perspective: This study reveals that chronic pain is common among kratom consumers, who frequently use it for
pain self-management and report significant relief, as shown by ecological momentary assessment. There is an
urgent need for research into kratom’s safety, efficacy, and mechanisms to guide clinical practice and inform
policies.

Introduction

States (US) has substantially increased, garnering significant public and
scientific attention.® ™ Current estimates suggest that between 10 to 16

Kratom is derived from the leaves of Mitragyna speciosa, a tropical
tree indigenous to and widely cultivated in Southeast Asia.' Tradition-
ally, kratom leaves are chewed or brewed into tea, serving as a folk
remedy for health conditions, including pain, fatigue, depression, and
opioid use disorder.” Since the mid-2010s, kratom use in the United
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million US adults regularly use kratom.®® This widespread use of
various kratom products highlights the need for a deeper understanding
of kratom’s potential benefits and risks, particularly as the US Food and
Drug Administration (FDA) has not approved any kratom product as a
drug, new dietary ingredient, or food.”
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US-based online surveys have consistently found that a widespread
motivation for kratom use is chronic pain self-management.’'? Some
preliminary evidence for kratom’s analgesic effects were found in one
placebo-controlled study conducted in Malaysia which demonstrated
that kratom significantly enhanced cold pain tolerance in 26 healthy
adult males who regularly consumed kratom.'® These findings from
self-report and lab-based studies likely reflect the activity of multiple
alkaloids in kratom, specifically kratom’s major alkaloid, mitragynine,
and minor alkaloids, speciogynine, paynantheine, and speciociliatine,
which have been shown in pre-clinical models to contribute to pain
1{3lilef through opioidergic, serotonergic, and adrenergic mechanisms.>

-17

Despite these laboratory and survey findings on kratom and anal-
gesia, there are few human studies exploring the relationship between
kratom use and chronic pain. There is a lack of basic information about
its use and effects, such as the characteristics of chronic pain that in-
dividuals who use kratom typically report and how previous pain
management attempts influence decisions to try kratom. Understanding
consumers’ use patterns and their perceptions of kratom’s analgesic
effectiveness is also important. These insights are foundational for
advancing more systematic evaluations of kratom’s influence on chronic
pain.

The present study is a secondary data analysis of the first ecological
momentary assessment (EMA) study recently conducted among US
kratom consumers.'® In that study, distal motivations for kratom use
were identified via baseline survey, and proximal motivations for use
were identified using EMA (motivations were not mutually exclusive in
either type of assessment). Analyses revealed participants consumed
kratom to increase energy, focus, alertness and productivity; to improve
mood; and, for approximately one-third of the sample, to serve as a
long-term substitute for substances such as opioids and alcohol. Baseline
and EMA reports also revealed that pain relief was one of the most
frequently endorsed motivations for kratom consumption.

In the present study, we are further examining baseline cross-
sectional data and EMA data that provided real-time insights into kra-
tom use and its effects. In doing so, we aim to provide the most granular
investigation into kratom use for pain self-management to date. Using
the study’s baseline survey data, we examined characteristics of chronic
pain among kratom consumers, identified their motivations for using
kratom for pain management, and assessed their perceptions of kratom’s
effectiveness and side effects, as well as their perceptions about their
use. Through EMA data, we further investigated how often pain relief
motivated participants’ daily use of kratom, how kratom-use frequency
differed between those with versus without chronic pain, and whether
daily pain levels were associated with kratom use frequency. Addition-
ally, we examined how momentary pain ratings related to time since last
reported kratom use, and whether feeling less pain was related to the
overall perceived effects of kratom.

Methods

Detailed descriptions of the study methods'® and primary outcomes
of the study, including proximal motivators, effects, and patterns of
kratom use, and assessment of whether use frequency was associated
with motivations, effects, past-year criteria for substance use disorder
for kratom, or other substance use have been previously reported.'®
Here, we provide the first secondary data analysis of the parent study
and focus on examining the association between kratom use and pain;
only methods relevant to the current analyses are described below.

We report baseline cross-sectional data findings based on 395 par-
ticipants who enrolled in the EMA study. For EMA data, we focus only on
the 357 participants who completed the full 15 days of EMA. Details on
how we derived these sample sizes are below. The study received
approval from the institutional review board (IRB) at the National In-
stitutes of Health (NIH). Given the study’s minimal risk, participants
provided consent online via an attestation following a virtual informed-
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consent procedure that included a consent quiz.
Patient and public involvement statement

Patients or the public were not involved in the conceptualization,
design, conduct, or dissemination of this study, including the choice of
outcome measures and participant recruitment.

Participants

We recruited adults who use kratom on a regular basis, defined as at
least three times a week for a minimum of four weeks prior to screening.
This approach was intended to include both long-term users and recent
initiates, ensuring sufficient use events for assessment via EMA. The
main inclusion criteria were: (1) being 18 years or older, (2) living in the
US, (3) passing validity checks, (4) owning a smartphone, (5) being
willing to complete all study activities, (6) being willing to submit a
sample of their kratom product, (7) passing an online informed-consent
quiz with at least 80 % correct answers, and (8) demonstrating profi-
ciency in English. The main exclusion criteria were: (1) failing one or
more data-validity checks on the online screener, (2) completing the
screener on a device that could not be verified as being within the US, (3)
being decisionally-impaired and unable to provide consent, or (4) being
incarcerated or in a controlled environment.

Participant recruitment and enrollment

Recruitment strategies included engaging kratom stakeholders (e.g.,
vendors, the American Kratom Association, bloggers, and podcast hosts)
to disseminate materials via social media, email listservs, websites, and
word of mouth. Additional recruitment targeted 36 US cities (listed in
online supplement Table S1), chosen for their diversity, the legal status
of kratom, and a wide distribution of suburban and urban areas. Addi-
tional recruitment methods included social-media posts, electronic
flyers to other researchers, and paper flyers. Recruitment and screening
were conducted between July-November, 2022.

Initial screening was conducted using an online questionnaire to
determine preliminary eligibility. Participants who failed one or more
data-validity checks or did not meet inclusion criteria were automati-
cally screened out and informed of their ineligibility. Candidates who
were not automatically screened out were informed that they might be
eligible and would be notified via email within two business days. Staff
manually screened provisionally eligible candidates by verifying
Internet protocol (IP) addresses to ensure participants were US-based
and not using a virtual private network (VPN). They also reviewed re-
sponses to an open-text question about participants’ interest in the study
to evaluate English proficiency and gather additional information. IP
addresses were also used to help ensure that a candidate had not
completed the screener more than once. This combination of automatic
and manual screening helped prevent bots or bad actors from gaining
study admission.

Those who passed the screening were emailed an enrollment invi-
tation, allowing them time to read the informed-consent document, ask
questions, and complete the informed-consent quiz. If a respondent
failed the quiz more than once, they were automatically excluded from
enrolling. After providing consent, participants completed a baseline
survey. Out of 1152 eligible individuals who received an invitation link,
395 successfully consented, enrolled, and completed the survey. Among
those invited who did not enroll (n = 757), 64.2 % did not respond to the
invitation link (n = 486), 27.3 % did not attempt or pass the consent quiz
(n = 207), and 8.5 % passed the quiz but did not complete the survey (n
= 64).

Ecological momentary assessment (EMA)

After participants completed the baseline survey, they were invited
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to download the EMA study app, which was specifically programmed by
MetricWire on a platform that has been used in several previously
published studies.’’ % A total of 98.2 % (n = 388) of enrolled partici-
pants downloaded the app, with 53.9 % (n = 209) using Android devices
and 45.9 % (n = 178) using iPhones. Upon downloading the app and
creating login credentials, participants received a step-by-step tutorial to
optimize their device settings for the app, along with tips for success
during the EMA phase. This tutorial included an introduction to the
“Resources” tab of the app, which provided a user guide and a copy of
the informed-consent document on demand. Participants then entered
their typical sleep-wake times for each day of the week, which were used
to schedule EMA questionnaires during waking hours.

To address scheduling challenges for participants with bedtimes after
midnight, participants were asked during onboarding whether they
typically went to bed before or after 11:59 p.m. for each day of the week
and their typical sleep/wake times for each day. Unique daily triggers
were created so that the app recognized specific “days” for random
prompting that could extend past midnight, adjusting as needed. This
also allowed customization of participants’ wake times by day.

The sampling strategy for the EMA phase included several compo-
nents. Participants logged each kratom-use event in an event-contingent
entry, documenting the product, dose, and proximal motivations for
taking kratom. The first two event-contingent entries each day gener-
ated prompts for follow-up entries, delivered randomly 15-180 min
later, to assess short-term effects and additional use. Participants were
also prompted at random twice per day during waking hours and asked
to complete entries. Lastly, participants completed beginning-of-day
entries to assess sleep, and end-of-day diary entries to assess overall
kratom effects that day and report any unreported kratom use.

To reduce response fatigue and prevent participants from with-
holding kratom-use reports, follow-up prompts for event-contingent
reports were only triggered a maximum of twice daily. Thus, partici-
pants could receive no more than four randomized prompts daily but
could make unlimited event-contingent (kratom use) entries. The
follow-up window was purposefully wide to account for expected vari-
ability in the timing of kratom effects (likely to be affected by product
formulation, dose, self-administration pace, and pharmacokinetic dif-
ferences). Participants could also report any missed kratom-use events
(i.e., events not already included in another report) during random and
follow-up prompts and the end-of-day diary, where they could specify
missed entries into five different time bins over the 24-hour period.

Participants who missed more than one EMA questionnaire per day
for three consecutive days, without contacting the study team or having
verified or plausible technical difficulties, were unenrolled from the
study (n = 38) and notified via email and app text message. Typically,
these participants had a high percentage of missed prompts (over 50 %).
This unenrollment policy was implemented to ensure the precision of
the study’s conclusions, as increased missing data would reduce the
accuracy of the findings. A total of 90.4 % (n = 357) of participants
completed all 15 EMA days.

Measures
Baseline survey measures

Chronic-pain characteristics

The long-form version of the Brief Pain Inventory (BPI)“" was used to
assess various chronic-pain characteristics, including pain severity, pain
interference, the body area that hurt most, and subjective type of pain
(“aching,” “sharp,” etc.). Pain severity was determined by averaging
four items (current pain, worst pain, least pain, and average pain over
the past 24 h) on an 11-point scale from 0 (No Pain) to 10 (Pain as Bad as
You Can Imagine). Pain interference was based on the average of six
domain items (i.e., general activity, mood, walking ability, relationships
with others, sleep, and enjoyment of life), each rated on an 11-point
scale from O (Does Not Interfere) to 10 (Completely Interferes). The

)24
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original BPI pain interference includes seven domains; however, due to
an oversight, we did not assess the “normal work” domain. Internal
consistency for pain severity and pain interference in the current sample
was good, with values of .89 and .91, respectively. To describe subjec-
tive qualities of pain, participants selected from among 15 adjectives in
the BPL

Difficulty in accessing pain treatment and its influence on kratom use

All participants, regardless of their chronic pain status, were asked
about their difficulty in accessing adequate pain treatment and how this
influenced their decision to use kratom, using items that we had previ-
ously developed in a survey study.* They responded on a 5-point Likert
scale (1 = Extremely difficult, 5 = Extremely easy) for the item, “During
your lifetime, how difficult has it generally been for you to get what you
believe is adequate treatment for any acute or chronic pain issues?”
Those who responded “Difficult” or “Extremely difficult” were asked,
“Did this at all influence your decision to use kratom?” with response
options of “Yes,” “No,” and “Unsure.”

Perceived pain relief after using kratom

All participants, regardless of their chronic pain status, rated the
extent to which kratom typically provided pain relief for them, using
items developed for this study. One item asked if participants had
experienced pain relief over weeks or months of regular kratom use,
with response options of “Yes,” “No,” and “Unsure.” Another item asked
participants to rate the pain relief experienced within minutes and hours
after using kratom on a Visual Analog Scale (VAS) from 0 (No effect) to
100 (Strong effect).

Perceived effectiveness of kratom for acute and chronic pain management

All participants, regardless of their chronic pain status, reported the
effectiveness of kratom on acute and chronic pain, using items devel-
oped for this study. Effectiveness was rated on a VAS from O (Not
effective at all) to 100 (Extremely effective) for: (1) “Typically, how
effective was kratom for relieving short-term (acute) pain?” and (2)
“Typically, how effective was kratom for self-treating long-term pain
issues and symptoms (chronic pain)?”

Concerns about overuse, and side effects of kratom for pain management

Participants with chronic pain were asked, “Are you concerned that
you take too much kratom for pain specifically?” and “Are you having
problems with side effects from your kratom that you take for pain
specifically?” with response options of “Yes,” “No,” or “Uncertain.”
These items were adapted from the BPL>* on which the original phras-
ings were “Are you concerned that you use too much pain medication?”
and “Are you having problems with side effects from your pain
medication?”

Need for stronger kratom and more information on its use for pain
management

Participants with chronic pain were asked, “Do you feel you need a
stronger type of kratom for pain?” and “Do you feel you need to receive
further information about your kratom that you take for pain specif-
ically?” with response options of “Yes,” “No,” or “Uncertain.” These
items were adapted from the BPI,>* on which the original phrasings were
“Do you feel you need a stronger type of pain medication?”” and “Do you
feel you need to receive further information about your pain
medication?”

EMA measures
End-of-day assessments
Primary reason for kratom use today

In the end-of-day diary report, participants were asked, “What was
the primary reason that motivated your kratom use today?” Response
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options were: (1) Relieve pain, (2) Help me sleep, (3) Feel less depressed
or sad, (4) Stop worrying, (5) Calm me down, (6) Relieve kratom
withdrawal, (7) Relieve other drug withdrawal, (8) Stop kratom craving,
(9) Stop other drug craving, (10) Escape boredom, (11) Increase energy,
(12) Increase focus/alertness, (13) Increase productivity, (14) Improve
mood, (15) Relax and unwind, (16) Feel good, (17) Feel high, (18)
Enhance the effects of another drug, and (19) Other.

Random-prompt assessments

Kratom use since last report

Participants were asked “Have you used any kratom since the last
time you reported use?” with the following response options: “Yes,”
“No,” and “I hadn’t stopped—I'm still in the middle of taking/sipping
my kratom.” Due to the negligible response rate for the “I hadn’t
stopped” option (1.8 %), we focused on the binary responses of Yes and
No.

Current pain level

This was assessed using the 0-100 VAS pain intensity rating (“Are
you in pain right now?”). Note that, in addition to using this variable for
moment-level modeling, it was also aggregated by calculating the
average current pain level across all random prompt assessments for
each day to examine the daily association between pain levels and
kratom use frequency.

Follow-up assessments after event-contingent reports

In the follow-ups that were randomly prompted 15-180 min after a
kratom-use report (i.e., event-contingent report), participants were
asked, among other things, to make the following two ratings.

Level of current effects of kratom
“How much do you feel the effects of kratom right now?” was rated
on a VAS scale (0 = Not at all, 100 = I feel them at their peak).

Pain levels since last kratom use
“Have you been in pain since your last kratom use?” was rated on a
VAS scale (0 = Completely pain-free, 100 = Severe pain).

Determination of sample size

Rather than using a conventional null-hypothesis significance testing
(NHST)-centered power analysis, we followed biostatistical advice to
“power for precision.”25 This approach emphasizes obtaining narrow
confidence intervals for point estimates, which provides robust statis-
tical power for hypothesis testing without relying on conjectures about
the distribution of outcomes—a common challenge in EMA studies. In
designing our study, we leveraged data from one of our prior EMA
studies with similar goals and conducted simulations using the BRMS
package in R.%° These simulations assessed Bayesian credible intervals
across sample sizes from 40 to 240 participants, helping us evaluate the
precision of key measures such as daily event-contingent entries and
subjective effects. Our simulations indicated that the credible intervals
for point estimates became sufficiently narrow at a sample size of 120,
with further narrowing observed at higher sample sizes. Given this, we
were confident that our sample size of 357 EMA completers, each
providing 15 days of EMA data, is sufficient to address the study’s
questions. This approach allows for robust testing without the limita-
tions of traditional NHST power analysis in the context of EMA.

Data analysis plan
All analyses were conducted using R software version 4.1.1. The

baseline data were analyzed descriptively and visualized using bar plots
and histograms, with the ggplot2 package employed for data
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visualization. For the baseline data, we summarized the characteristics
of the study sample and key variables of interest using frequencies,
percentages, means, and standard deviations (SDs).

For the EMA data, the analysis involved several steps. First, we
examined EMA compliance rates by calculating the percentage of
automated prompts answered out of the total prompts administered.
These compliance rates are presented with 95 % confidence intervals
(95 % CIs), calculated using nonparametric bootstrapping to ensure
robustness. Next, each of the study measures was assessed descriptively.
To examine the potential difference in daily kratom-use levels between
participants with chronic pain and those without, we used an
independent-samples t-test. To test associations between variables, we
used mixed-effects modeling. Specifically, we analyzed how the last
reported kratom use was associated with current pain severity and
whether current levels of kratom effects were associated with pain
severity. We further explored whether chronic-pain status (Yes vs. No)
significantly moderated these associations by conducting additional
analyses that included chronic-pain status as a moderator. The mixed-
effects approach was chosen due to its ability to handle the nested
structure of EMA data, where moments (entries) were nested within
days, and days were nested within participants. The assumptions of
mixed-effects models were examined visually. To accurately evaluate
level-1 effects (i.e., moment-level within-person associations), all level-1
predictor variables were day-mean centered, which involved subtracting
the day’s mean from the original momentary ratings. The mixed-effects
models included random intercepts to account for individual variability,
as well as a set of fixed effects to examine the primary research ques-
tions. In investigating the association between daily pain levels and
kratom use frequency, we employed a Poisson mixed-effects model, as
the outcome variable (i.e., kratom use frequency) was a count. This
approach is well-suited for modeling count data. The Ime4 package in R
was used for implementing mixed-effects modeling.

Results
Participant characteristics

A total of 395 participants were enrolled, with a mean age of 38.1
years (SD = 11.2, range = 18-76); 42.3 % identified as female, and 2.8
% as gender nonbinary. Most identified as Non-Hispanic White (90.9 %).
In terms of sexual orientation, 78.7 % identified as heterosexual, 10.4 %
as bisexual, and the remainder as gay, lesbian, queer, asexual, or
preferred not to say. Participants were generally well-educated, with
32.9 % having some college education and 19.0 % holding a Bachelor’s
degree. Employment status showed 56.5 % working full-time, 13.4 %
part-time, with smaller percentages being unemployed, disabled, stu-
dents, or retirees. Most participants had an annual income of $40,000 or
below and had used kratom uninterrupted for more than one year.
Additionally, 36.7 % of the participants considered themselves to
currently be in recovery from problems with alcohol or other drugs. See
Table 1 for participant characteristics. We have provided Supplementary
Table S2, which details the breakdown of participants by state and
county. Using the Beale code, each county was classified as either metro
or non-metro. There were no statistically significant differences in any of
these characteristics between EMA completers (n = 357) and EMA non-
completers (n = 38).'8

Findings from baseline survey

Characteristics of chronic pain

Our analysis revealed that 49.1 % of the sample met the criteria for
chronic pain, defined as experiencing pain for at least three months.
Average pain severity was moderate (4.1, SD = 1.9; range: 0-10), as was
average pain interference (5.4, SD = 2.4; range: 0-10). Fig. 1a shows
body parts most affected, with the pelvic area/hip/back region being the
most common at 27.3 %, followed by the stomach (17.5 %), and neck
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Table 1

Demographic characteristics of baseline survey completers and EMA completers.

Baseline Survey EMA Completers

Completers (n = 395) (n =357)
Age 38.1(11.2) 38.0 (11.1)
Sex/gender
Male 217 (54.9) 198 (55.5)
Female 167 (42.3) 149 (41.7)
Nonbinary 11 (2.8) 10 (2.8)
Race/ethnicity
White/European 359 (90.9) 325 (91.0)
Hispanic/Latino 25 (6.3) 22 (6.2)
Native American/Pacific Islander 17 (4.3) 14 (3.9)
Black/African American 11 (2.8) 10 (2.8)
Biracial/Multiracial 18 (4.5) 17 (4.8)
Asian 12 (3.0) 9 (2.5)
Middle Eastern 5(1.3) 5(1.49)
Indian 1(0.3) 1(0.3)
Sexual Orientation
Heterosexual 311 (78.7) 282 (79.0)
Gay/Lesbian 13 (3.3) 11 (3.1)
Bisexual 41 (10.4) 35(9.8)
Asexual 5(1.3) 5(1.4)
Queer 8 (2.0) 8(2.2)
Don’t know 2 (0.5) 2 (0.6)
Prefer not to say 8(2.0) 8(2.2)
Other 7 (1.8) 6 (1.7)
Education
Some college 130 (32.9) 118 (33.1)
Associates/Vocational Degree 81 (20.5) 71 (19.9)
Bachelor’s Degree 75 (19.0) 67 (18.8)
High school/GED 61 (15.4) 57 (16.0)
Master’s Degree 31(7.9) 28 (7.8)
Ph.D., M.D., or J.D. 9 (2.6) 9 (2.6)
9-12th grade, but didn’t finish high 8 (2.0) 7 (2.0)
school
Primary employment status
Working full-time 223 (56.5) 201 (56.3)
Working part-time 53 (13.4) 48 (13.5)
Disabled 44 (11.1) 43 (12.0)
Unemployed 46 (11.7) 41 (11.5)
Student 19 (4.8) 15 (4.2)
Retired 10 (2.5) 9(2.5)
Annual income in USD
$0 - $10,000 61 (15.4) 57 (16.0)
$10,001 - $40,000 167 (42.3) 151 (42.3)
$40,001 - $70,000 83 (21.0) 74 (20.7)
$70,001 - $100,000 44 (11.1) 37 (10.4)
$100,001 - $150,000 27 (6.8) 25 (7.0)
> $150,001 - $200,000 13(3.3) 13 (3.6)
Longest period of uninterrupted
kratom use since initiating use”
1-3 months 14 (3.8) 12 (3.5)
3-6 months 14 (3.8) 12 (3.5)
6-12 months 59 (15.9) 50 (14.7)
1-2 years 69 (18.5) 64 (18.8)
2-5 years 144 (38.7) 137 (40.2)
> 5 years 72 (19.4) 66 (19.4)
Considers themselves to currently 145 (36.7) 135 (37.8)
be in alcohol/drug recovery
How did you hear about the
study?®
Reddit 145 (36.7) 131 (36.7)
Facebook 88 (22.3) 77 (21.6)
The American Kratom Association 66 (16.7) 62 (17.4)
Friend or family 43 (10.9) 39 (10.9)
From an online retailer or vendor 22 (5.6) 20 (5.6)
that sells kratom
Podcast 15 (3.8) 14 (3.9)
An online forum or private group 19 (4.8) 18 (5.0)
Twitter 10 (2.5) 9(2.5)
A local kratom advocacy group 7 (1.8) 7 (2.0)
Instagram 8(2.0) 6(1.7)
From an in-person shop that sells 6 (1.6) 5(1.4)
kratom
From a NIDA research team member 4 (1.0) 3(0.8)
I work in a kratom shop and I heard 2(0.5) 2 (0.6)
through customers or co-workers
Chronic pain status (yes) 194 (49.1) 175 (49.0)
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@ Choices are not mutually exclusive.

(16.0 %). Regarding types of pain (refer to Fig. 1b), “Aching” was the
most reported at 85.6 %, followed by “Nagging” and “Throbbing,” both
at 55.2 %.

Difficulty in accessing pain treatment and its influence on kratom use

As shown in Fig. 2a, 69.2 % of participants reported that obtaining
adequate treatment for their acute or chronic pain conditions was either
“Difficult” or “Extremely Difficult.” Among those who rated their diffi-
culty as “Difficult” or “Extremely Difficult,” a substantial majority
(86.2 %) indicated that these challenges had influenced their decision to
use kratom (see Fig. 2b).

Perceived pain relief after taking kratom

As shown in Fig. 3a, most participants (93.2 %) reported experi-
encing pain relief over weeks or months of regular kratom use. They
typically rated the pain-relieving effect as strong (M = 80.3; range:
0-100), occurring within minutes to hours after consumption (see
Fig. 3b).

Perceived effectiveness of kratom for pain management

As shown in Fig. 4a-b, participants reported overall high effective-
ness of kratom in managing both acute pain (M = 80.8; range: 0-100)
and chronic pain (M = 83.9; range: 0-100).

Concerns about overuse, and side effects of kratom for pain management

As shown in Fig. 5a, most participants with chronic pain (83.7 %)
expressed no concerns about overusing kratom for pain management.
Additionally, 88.0 % reported currently experiencing (at the time of the
baseline questionnaire) no side effects from their kratom use for pain
management (see Fig. 5b). However, 7.1 % were concerned about
overuse, and 7.6 % had problematic side effects.

Need for stronger kratom and more information on its use for pain
management

As shown in Fig. 5c, most (60.9 %) participants felt no need for a
stronger type of kratom for managing pain, but a substantial number
(23.9 %) did. Furthermore, 73.4 % indicated that they did not require
additional information about the kratom they use for pain management,
but 19.6 % did (see Fig. 5d).

Findings from EMA data

EMA compliance

Compliance rates were high for end-of-day entries (91.36 % [95 %
CI: 89.71, 92.93]), and slightly lower for random-prompt entries
(85.61 % [95 % CI: 83.88, 87.22]) and post-kratom follow-up entries
(84.44 % [95 % CI: 82.76, 86.05]). There were no significant differences
in compliance rates by age, participation in kratom advocacy, sex/
gender, or smartphone device.

Primary reasons for kratom use today

Participants were asked about their daily primary motivation for
kratom use in the end-of-day diary. On 33.6 % of days, the primary
reason was “relieving pain.” In participants who met baseline criteria for
chronic pain, this percentage was higher: 58.4 % of days. In both the full
sample and the sample limited to chronic pain, “relieving pain” was the
most frequently endorsed primary motivation for kratom use.
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Fig. 1. a. Body parts most affected by pain. b. Subjective type of pain. Note: The total percentage for figure b exceeds 100 % because participants were allowed to

select multiple descriptors for their pain type.

The level of daily kratom use in those with vs. without chronic pain

A total of 13,401 kratom-use events were reported among partici-
pants over 15 days, with a mean of 2.52 uses per participant per day. In
an independent-samples t-test, there was no significant difference in
daily frequencies of kratom use between those with chronic pain (M =
2.53, SEM = 0.10) and those without (M = 2.50, SEM = 0.08), t
(347.76) = 0.24, p = 0.81, 95 % CI: —.22,.28.

Association between daily pain levels and kratom use frequency

The Poisson mixed-effects model indicated no significant association
between daily pain levels and the frequency of kratom use (B = —0.001,
SE = 0.001, p = 0.312, 95 % CI: —0.003, 0.001). A follow-up model
showed that this effect was not significantly moderated by chronic-pain
status (B = 0.002, SE = 0.002, p = 0.398, 95 % CI: —0.002, 0.006).

Association between kratom use since last report and current pain severity

The average current pain level, in random-prompt entries, was 19.2
(SD = 23.5; range: 0-100). In mixed-effects models, we found that
during moments when participants reported using additional kratom
since the last recorded use (suggesting they had used it more recently),
pain levels were significantly lower compared to moments without
additional use (B = —1.81, SE = 0.61, p =0.003, 95 % CL: —3.01,
—0.61). A follow-up model showed that this effect was not significantly
moderated by chronic-pain status (B = —0.24, SE=1.23,p = 0.85, 95 %
CL: —2.66, 2.18).

Association between current levels of feeling kratom effects and pain severity

On average, the pain level in kratom-use follow-up entries (pain
“since the last kratom use”) was 17.2 (SD = 21.1; range: 0-100), and the
level of currently feeling kratom effects was 62.8 (SD = 62.8; range:
0-100). Mixed-effects modeling indicated that during moments when
participants felt more intense effects of kratom compared to their daily

average, they reported lower pain levels since the last use (B = —0.13, SE
= 0.01, p <0.001, 95% CI: —0.14, —0.11). The follow-up model,
including chronic-pain status as a moderator, showed a significant
interaction: compared to participants without chronic pain, participants
with chronic pain showed stronger association between pain reduction
and feeling kratom effects (B = —0.14, SE = 0.04, p < 0.001, 95 % CI:
—0.17, —0.11). Fig. 6 illustrates this interaction effect.

Sensitivity analyses findings

Visual inspection of residuals from the mixed-effects models revealed
some degree of non-normality and heteroscedasticity. Although mixed-
effects models are generally robust to such violations,”” we conducted
sensitivity analyses by applying a square root transformation to the
outcome variable to address potential concerns. The results of these
analyses were consistent with the original findings, underscoring the
robustness of the mixed-effects models to these assumption violations.

Specifically, regarding the relationship between kratom use since the
last report and current pain severity, same as the original findings,
participants who reported additional kratom use since their last recor-
ded use had significantly lower pain levels compared to moments
without additional use (B = —0.13, SE = 0.07, p = 0.023, 95 % CI:
—0.31, —0.02). This effect was not significantly moderated by chronic
pain status (B = 0.08, SE = 0.15, p = 0.61, 95 % CIL: —0.21, 0.36).

Additionally, in terms of the relationship between current levels of
feeling kratom effects and pain severity, same as the original findings,
participants who experienced more intense kratom effects than their
daily average reported significantly lower pain levels (B = —0.02, SE =
0.00, p < 0.001, 95% CI: —0.02, —0.01). The moderation effect of
chronic pain status remained significant (B = —0.01, SE = 0.002,
p < 0.001, 95 % CI: —0.01, —0.007).

We also conducted sensitivity analyses to explore potential
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Fig. 2. a. Difficulty in getting adequate pain treatment. b. Influence of treatment difficulty on kratom use.

differences in the proportion of individuals with chronic pain and the
average daily kratom use frequency between those residing in metro and
non-metro areas. A chi-square test was used to assess the relationship
between metro status and chronic pain, revealing no significant asso-
ciation (*(1) = 0.25, p = 0.62). Additionally, an independent samples t-
test compared the average daily kratom use frequency between the
metro and non-metro groups, showing no significant difference (t
(353) = 0.44, p = 0.66). The mean daily kratom use frequency was 2.50
per day for individuals in metro areas and 2.58 per day for those in non-
metro areas.

Discussion

This was the first comprehensive examination of pain symptoms and
self-management of pain among a sample of US adults who regularly
consume kratom. Although we recruited participants on the basis of
kratom use, not pain, we found that nearly half (49.1 %) of participants
met criteria for chronic pain. This is consistent with epidemiological
estimates of the prevalence of chronic pain in kratom consumers
(50.2-68.8 %).® Here, participants with chronic pain reported moder-
ate levels of pain severity and interference, with the pelvic, hip, and back
region being the most affected body parts. Interestingly, stomach pain
was the second most commonly reported primary pain location in our
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Fig. 3. a. Pain relief from regularly taking kratom over weeks or months. b. Pain relief after minutes and hours after taking kratom.

sample, which contrasts with recent epidemiological data.?’ While this
discrepancy may be due to our study’s use of convenience sampling
rather than an epidemiological approach, we note that kratom has his-
torically been used to manage diarrhea and stomach pain. This may
explain why individuals with gastrointestinal-related pain are more
likely to turn to kratom for pain management compared to the broader
chronic pain population. Overall, participants indicated experiencing
substantial pain relief and high effectiveness of kratom in self-managing
both acute and chronic pain. These are consistent with kratom’s anal-
gesic profile in pre-clinical studies.'>!7-3%-3!

The present study uniquely contributes to the literature by utilizing
EMA data, which offers insights into kratom consumers’ real-time mo-
tivations, usage patterns, subjective effects, and pain levels in real-world
settings with minimization of recall bias.*> Across a 15-day period,
participants most frequently reported pain relief as their primary reason
for using kratom, regardless of their chronic-pain status. Recent addi-
tional kratom use, assessed in near-real time, was significantly associ-
ated with reduced momentary pain levels. Additionally, greater
subjective effects of feeling kratom were linked to lower pain levels since

the last use, suggesting that pain relief is an important component of the
perceived effects of kratom for many consumers, and/or that pain relief
is highly correlated with kratom’s other subjective effects. Those two
interpretations, not mutually exclusive, require further study. The EMA
findings were generally consistent with the results of our baseline survey
and with findings from the only published human laboratory study to
evaluate the analgesic effects of kratom, which demonstrated its efficacy
on cold pain tolerance among healthy male chronic kratom consumers in
Malaysia,'® a part of the world where kratom is indigenous, has been
used much longer than in the US, and in preparations not available to US
consumers (e.g., fresh leaf). The convergence of findings from retro-
spective surveys and EMA (along with laboratory studies) suggests that
kratom is perceived as analgesic within two different evaluative
frameworks: the “experiencing self” of EMA, with its relatively unme-
diated access to the moment, and the more integrative “remembering
self’ of surveys that rely on retrospective recall.**** In the assessment of
any aspect of quality of life (here, living with chronic pain), each of these
frameworks contributes crucial and distinct information—though
neither is free from the belief-based effects that call for
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Fig. 4. a. Effectiveness of kratom for acute pain. b. Effectiveness of kratom for chronic pain.

placebo-controlled experiments.

Our findings also highlight the complex landscape of pain manage-
ment in the US, with a substantial portion of participants trying kratom
due to reported difficulties in accessing adequate pain treatments.
Notably, the first peer-reviewed reports of kratom use in the US
described its use for self-managing chronic pain (and self-treatment of
opioid withdrawal by people with chronic pain).*>*° Since then, kratom
use appears to have persisted as a non-medical alternative for
self-managing pain for many consumers, particularly those who have
difficulty accessing pain treatment. Hence, kratom seems to be
providing an alternative for some individuals who do not have adequate
pain management access or who do not feel well served by standard
pain-management practices.

Interestingly, as captured by the baseline survey, most participants in
the present study did not report overusing kratom for pain management
or experiencing significant side effects, although unwanted or adverse
effects (e.g., nausea, constipation, and tolerance) from long-term kratom
use have been noted among regular consumers.>’>° Our EMA data also
confirmed that higher daily pain levels were not significantly associated

with greater kratom use frequency, and those with chronic pain do not
use kratom significantly more than those without chronic pain. It is
possible that people who use kratom regularly can titrate their dose to
find a level that is effective and acutely well-tolerated as they
self-manage acute or chronic pain.***°

The effectiveness of kratom for pain management reported in this
study and elsewhere®' %! must be contextualized by the unknowns and
the fact that, like any substance, kratom is not free from acute or chronic
side effects. Prolonged use of kratom, especially at high doses, can result
in the development of craving, tolerance, and withdrawal symptoms.*”*
4243 In fact, at least three recent studies, including two with large
samples (N > 2000), report that a notable proportion (12.3 %-29.5 %)
of kratom consumers met criteria for kratom use disorder, mostly of mild
to moderate severity based on counts of criteria for substance use dis-
orders in the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5).%7:4445 Hence, there is a need for careful consideration and
monitoring of kratom use for chronic pain self-management. Further
research is also necessary to better understand kratom’s long-term im-
plications and to develop recommendations in light of the fact that there
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are, to date, no published safety data on kratom in humans. Our findings
show that a significant proportion of US adults with chronic pain are
turning to unregulated kratom products for self-managing their pain
symptoms, and that at least a quarter of our sample reported needing a
stronger type of kratom to manage their pain. This phenomenon is
occurring despite FDA warnings about kratom and without much in the
way of consumer guidance for use of kratom products. As kratom is not
an FDA-approved new dietary ingredient, drug, or food, kratom vendors
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are limited in the information they can provide to consumers and the
claims they can make. This appears to leave consumers on their own to
share information and experiences.‘”’46

We strongly urge that future research include rigorous human lab-
oratory studies on the safety and effectiveness of kratom and its con-
stituent alkaloids for the symptoms for which consumers are using it.
Chronic pain is overrepresented among kratom consumers, highlighting
the importance of investigating its safety and effectiveness as an
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analgesic, which has the potential to address critical gaps in current pain
management strategies. However, conducting such trials presents sig-
nificant challenges due to the inherent variability in kratom’s prepara-
tion and composition. As a natural product derived from tree leaves,
marketed kratom can vary widely in its formulation and total alkaloid
content.”’ " This variability can complicate dose standardization,
which is important for clinical trials. Even if investigators were to source
a standardized kratom whole-leaf formulation for submission of an
Investigational New Drug application for research purposes with FDA,
the results of that research may not generalize to all whole-leaf kratom
formulations in the marketplace. There is not yet wide-scale standardi-
zation within kratom cultivation, and not all kratom vendors are Good
Manufacturing Practices (GMP) certified. Additionally, one common
method of kratom consumption—preparing a drink using leaf mate-
rial'®**_—adds another layer of complexity, particularly in creating an
effective placebo control. These factors necessitate innovative method-
ologies and designs to ensure the rigor and reliability of clinical trials
involving kratom, aiming to produce robust evidence about its thera-
peutic potential and safety profile.

Limitations

This study was not without limitations. First, we did not assess spe-
cific diagnostic criteria for chronic-pain conditions among participants.
Having this information could have provided greater insight into our
findings. For instance, it is possible that individuals with certain con-
ditions, such as neuropathic pain, may benefit differently compared to
those with other types of chronic pain (e.g., inflammatory or nociplastic
pain). Second, our real-time assessment covered only 15 days. Although
many of our participants had used kratom for years prior to the study,
longitudinal studies are needed to examine the long-term within-person
dynamics of perceived effects of kratom on pain. Third, the study’s
design cannot establish causality regarding the analgesic effects of
kratom. Randomized-controlled trials are needed to establish causality.
Fourth, the cross-sectional data, which depended on participants’
retrospective recall, introduces the potential for recall bias and inac-
curacies that could impact the external validity of the findings. Fifth,
many of the measures used in this study were developed or adapted by
the authors and have not yet undergone formal psychometric validation,
which may limit the interpretability of certain findings. Lastly, the self-
selected, potentially biased sample of regular kratom consumers may
not represent the broader kratom consumer population, or people who
tried kratom but did not continue to use it.

Conclusion

This study significantly contributes to the discourse on kratom’s
potential in self-management of chronic pain. Our findings emphasize
the critical need for systematic and rigorous human research to thor-
oughly evaluate both the benefits and risks of kratom as a pain man-
agement strategy. Future research should also focus on uncovering the
specific mechanisms behind kratom’s analgesic effects, employing
diverse and robust methodologies. Such research will be crucial in
guiding informed clinical practices and regulatory policies.
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