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Abstract

Background and aim

Kratom, or Mitragyna speciosa Korth., is a tropical plant that has been reported to exhibit
opioid-like effects. Although opioids have been demonstrated to alter the lipid profile of regu-
lar users, data on the lipid-altering effects of kratom are scarce. This study aimed to com-
pare the fasting lipid profile of regular kratom users to that of healthy subjects who do not
use kratom. It also determined the association between various characteristics of kratom
users and the serum triglycerides, total cholesterol, low-density lipoprotein (LDL), and high-
density lipoprotein (HDL) levels of regular kratom users.

Methods

A total of 200 participants (n = 100 kratom users and n = 100 healthy subjects who do not
use kratom) were recruited for this analytical cross-sectional study. Data on sociodemo-
graphic status, kratom use characteristics, cigarette smoking, physical activity, body mass
index (BMI), fasting serum lipid profile, and liver function were collected from all participants.

Results

The liver parameters of the study participants were within normal range. The serum total
cholesterol and LDL of kratom users were significantly lower than those of healthy subjects
who do not use kratom. There were no significant differences in the serum triglyceride and
HDL levels. However, higher average daily frequency of kratom use and increasing age
were associated with increased serum total cholesterol among kratom users. Other kratom
use characteristics such as age of first kratom intake, duration of kratom use, and quantity
of daily kratom intake were not associated with increased serum triglyceride, total choles-
terol, LDL, and HDL levels.
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Conclusions

Our findings suggest regular kratom consumption was not linked to elevated serum lipids,
except when there is a higher frequency of daily kratom intake. However, the study was lim-
ited by the small sample size, and hence a more comprehensive study with larger sample
size is warranted to confirm the findings.

Introduction

Kratom (Mitragyna speciosa Korth.) is a tropical plant, which can be found ubiquitously in
Southeast Asia, such as in Malaysia, Thailand, and Indonesia [1]. Historically, rural inhabitants
had been using kratom as a prophylactic to cure common health problems (e.g., pain, diarrhea,
cough, etc.), as a stimulant drug for increasing work productivity, and as an opiate substitute
[2,3]. Matured leaves are freshly harvested and eaten raw, or brewed and consumed as an
herbal solution (e.g., kratom juice) [3]. Due to its pain mitigating effects [4], kratom use is
increasing among opioid users, who use it as an alternative to prescription and illicit opioids in
the United States to treat pain, opioid withdrawal, and psychological problems [5-7].

There are various alkaloids in kratom. Two of the most widely studied alkaloids with psy-
choactive properties and opioid-like effects include mitragynine and 7-hydroxymitragyine
[4,8]. Despite the widespread sales of kratom products on the internet and convenience stores
in the United States, and being backed by positive customer reviews regarding kratom’s pain-
relieving effects [5-7], hitherto the US Food and Drug Administration (FDA) has not approve
kratom use, as the herbal plant is alleged to have various risks, such as addiction, abuse, and
dependence [9]. As a result of the incremental kratom toxicity recurrence [10,11], both the
FDA and the Drug Enforcement Administration (DEA) are contemplating to regulate mitra-
gynine and 7-hydroxymitragynine into Schedule 1 of the Control Substances Act [4].

At present, kratom’s safety profile remains poorly investigated. It is reported that kratom
use is linked with a plethora of unpleasant health effects [12]. Commonly reported health prob-
lems associated with kratom use include cardiovascular problems (e.g., cardiomegaly, coro-
nary atherosclerosis, hypertensive cardiovascular disease, and left ventricular hypertrophy)
[12]. It remains unknown whether these reported health problems are direct consequences of
kratom use per se or if they are compounded by other factors, such as underlying health issues
or toxic effects rising from kratom poly-drug use [12]. So far, there are no studies to show that
long-term kratom use can alter lipid profile and cause users to experience unpleasant health or
cardiovascular risk. Given its opioid-like effects and the lack of data on its safety profile, fur-
ther studies are needed to establish kratom’s purported therapeutic properties. Opioids have
been shown to cause dyslipidemia in regular opioid users. In fact, several studies have shown
that opioids have the potential to alter serum triglyceride and LDL levels and deplete HDL lev-
els among opioid users [13,14].

Singh et al. (2018) reported significant differences in the lipid profiles of regular kratom
users compared to healthy controls of people who do not use kratom. However, the study had
a small sample size (n[kratom] = 58, n[control] = 19), did not measure the body mass index
(BMI) of participants, and the random lipid profile was obtained instead of the fasting lipid
profile [15]. Since kratom use has been implicated with several adverse health and toxic inci-
dents [12], our study aimed to (a) determine the fasting lipid profile of regular kratom users
and healthy subjects who don’t use kratom and (b) evaluate the associations between kratom
use characteristics and serum triglyceride, serum total cholesterol, serum LDL, and serum
HDL levels among kratom users.
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Materials and methods
Study design and participant recruitment

This analytical cross-sectional study was conducted over a duration of 9 months between May
1, 2019 and January 31, 2020 following approval obtained from the Human Ethics Committee
of Universiti Sains Malaysia (code: USM/JEPeM/19010054). The sample size was calculated
based on the formula for estimating the sample size for a multiple linear regression model (i.e.,
n = 50 + 8m, where m is the number of independent variables) [16]. There were four multiple
linear regression models in this study: (a) a model with serum triglycerides as the dependent
variable and had seven predictors and hence required a sample size of 106 kratom users; a
model with serum total cholesterol as the dependent variable and had six predictors and there-
fore required 98 kratom users; and two models with serum LDL and serum HDL as the depen-
dent variables and had five predictors and hence required 90 kratom users. Therefore, the
model with the largest estimated sample size required was the model with serum triglyceride
as the dependent variable, which required 106 kratom users. We recruited kratom users and
healthy subjects that didn’t use kratom from three communities that contained “hotspots”
(locations where kratom users frequently visit to get their supply of kratom juice) via snowball
sampling. This was done because of the difficulty to recruit kratom users since kratom has
been considered a controlled poison in Malaysia since 2003 under the Dangerous Poisons Act
1952. The possession and smuggling of kratom leaves are considered offenses. Initially, 5-6
informants who were regular kratom users were identified from the targeted communities.
They received a detailed explanation regarding the study eligibility criteria and procedures,
and they assisted in identifying suitable regular kratom users and healthy subjects from the tar-
geted communities. Then, the recruited subjects (acting as seeds) assisted the team with identi-
tying more potential subjects for the study through a chain of referrals. Subjects of varying
ages and demographics (marital status, education, employment status, monthly income, family
support, and social circle) were chosen in order to produce more heterogeneity within the
selected subjects. Subsequently, 250 kratom users and 250 healthy subjects who do not use kra-
tom were identified and selected; after screening for eligibility criteria, 126 kratom users and
130 healthy subjects were invited to participate in the study. Then, 26 kratom users withdrew
without giving specific reasons and 30 healthy subjects were excluded since they were not
aged-matched with kratom users. Finally, 100 kratom users and 100 healthy subjects were
recruited and completed the study. Although we attempted to enhance the heterogeneity of
the recruited subjects, the selected sample size may not be truly representative of the entire kra-
tom user population in the targeted communities. The sampling and subject recruitment
methods are illustrated in Fig 1.

Inclusion and exclusion criteria. The inclusion criteria for kratom users were the follow-
ing: (a) regular and daily kratom use for at least the past 1 year and (b) 18 years of age or older.
The exclusion criteria were the following: (a) past or current history of using illicit drugs other
than kratom, (b) history of lifetime or current psychiatric illnesses (such as psychotic disor-
ders, depressive disorders, bipolar mood disorder, anxiety disorders, attention deficit hyperac-
tivity disorder, and substance use and substance-related disorders), and (c) history of medical
illnesses. The same inclusion and exclusion criteria were also applied to the healthy subjects,
except that they must not have a previous or current history of illicit drug use including kra-
tom use. Those who were interested in participating were given a detailed explanation of the
study by the research team and were screened for eligibility; they signed an informed consent
form prior to enrollment in the study.

Screening for medical illnesses. Screening for medical illnesses was carried out by a qual-
ified physician in the research team to ensure that all the subjects selected for the study were
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Three communities in the northern state of Penang in peninsular
Malaysia that have prevalent kratom use were selected.
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Fig 1. Sampling method and subject recruitment.

https://doi.org/10.1371/journal.pone.0234639.9001

free from any medical illnesses. The procedures performed were as follows: (1) Eliciting clini-
cal history of all subjects, including regular intake of medications for treatment of any medical
illnesses; (2) physical examination which included general examination, respiratory system,
cardiovascular system, gastrointestinal tract, central and peripheral nervous system, genitouri-
nary tract, and joints; and (3) blood investigations, including screening of full blood count,
blood urea, creatinine and electrolytes, liver function test, fasting blood glucose, and thyroid
function test. In all subjects selected for the study, we found no significant findings in the clini-
cal history and physical examination. All blood tests during eligibility criteria screening of the
selected subjects were within normal range.

Screening for psychiatric illnesses. Screening for psychiatric illnesses was performed by a
qualified psychiatrist in the research team using the Diagnostic and Statistical Manual for
Mental Disorders, Fifth Edition (DSM-V) diagnostic criteria [17] and the Mini International
Neuropsychiatric Interview [18]. Those with a lifetime or current history of psychiatric ill-
nesses—such as psychotic disorders, depressive disorders, bipolar mood disorder, anxiety dis-
orders, attention deficit hyperactivity disorder, obsessive compulsive disorder, posttraumatic
stress disorder, substance use, and substance-related disorders—were excluded.

Screening for lifetime and current history of illicit drug use. Comprehensive screening
for lifetime and current history of illicit drug use was performed by a qualified psychiatrist on
the research team. All potential subjects were screened for any history of opioids, amphet-
amine-type stimulant, cannabis, benzodiazepine, ketamine, phencyclidine, hallucinogens,
inhalants, and cocaine use. Then, additional history regarding lifetime and current illicit drug
use was also elicited from close family members and close contacts of the potential subjects.
Finally, potential subjects were screened for opiate, amphetamine, methamphetamine, canna-
bis, methadone, buprenorphine, ketamine, PCP, and benzodiazepine using rapid urine-test-
kits (Fast Screen Multi Drugs Dipcard, Reszon Diagnostics International Sdn. Bhd., Subang
Jaya, Malaysia). Kratom users with illicit drug use other than kratom and healthy subjects with
any illicit drug use including kratom were excluded.

Data collection

Data collection was conducted in the community hall of the targeted communities. A semi-
structured questionnaire was administered to participants by face-to-face interview to collect
data on sociodemographic characteristics and clinical factors; these data included age (in
years), gender (male/female), ethnicity (Malay/non-Malay), employment status (employed or
self-employed/unemployed), cigarette smoker (non-smoker/1 to 5 cigarettes per day/6 to 10
cigarettes per day/more than 10 cigarettes per day), and weekly physical activity (inadequate
physical activity/adequate physical activity). Physical activity is defined as any bodily move-
ment due to skeletal muscles that required energy expenditure [19]. Moderate-intensity aero-
bic activities include playing tennis/badminton (doubles), brisk walking of at least 4 km,
cycling at a speed of less than 16 km per hour, dancing, gardening, and water aerobics. Vigor-
ous-intensity aerobic activities include running, cycling at a speed of at least 16 km per hour,
playing tennis/badminton (singles), swimming in laps, hiking uphill, jumping rope, heavy
house chores like continuous hoeing and digging, and aerobic dancing. Adequate physical
activity is defined as moderate-intensity aerobic activities of at least 150 minutes per week or
vigorous-intensity aerobic activities of at least 75 minutes per week [20]. Hence, in this study,
physical activity was classified into two groups, i.e., (a) inadequate physical activity in which
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the participant engaged in moderate-intensity aerobic activities of < 150 minutes per week or
vigorous-intensity aerobic activities of < 75 minutes per week and (b) adequate physical activ-
ity in which the participant engaged in moderate-intensity aerobic activities of > 150 minutes
per week or vigorous-intensity aerobic activities of > 75 minutes per week. The BMI was also
measured as weight (in kilogram) divided by the squared height (in metre®) of each partici-
pant. The median and interquartile range of the BMI of the participants was computed.

Kratom use characteristics of kratom users. Data on kratom use characteristics were
also collected from regular kratom users, such as the first age of kratom use, duration of kra-
tom use, the average frequency of daily kratom use, and the average quantity of daily kratom
use. The first age of kratom use was investigated through the question, “What was your age
when you started consuming kratom juice/tea?” The responses were coded as “before 18 years
old” and “18 years old and above”. The duration of kratom use was recorded based on the
question, “How many years have you been consuming kratom juice/tea?” The responses were
coded as “1-5 years” and “more than 5 years.” Since all kratom users in this study consumed
kratom on a daily basis, the average frequency of daily kratom use and the average quantity of
daily kratom use were measured. The average frequency of daily kratom use was assessed with
the question, “On average, how many times do you consume kratom juice/tea in a day?”
Response categories ranged on a scale from 1 to 20 times. The average quantity of daily kratom
consumption was measured through the question, “On average, how many glasses of kratom
juice/tea do you consume in a day?” Response categories ranged on a scale from 1 to 30 glasses.
The mean and standard deviation of the number of times per day and number of glasses per
day of kratom juice/tea consumed respectively were computed. We measured the volume of
kratom juice/tea consumed by the kratom users in a typical glass of kratom juice/tea in the
communities which was at 350mL per glass.

Fasting lipid profile and liver function test. All participants were told to begin fasting at
9:00 p.m. and then arrive at the Advanced Medical and Dental Institute (AMDI), USM at 09:00
a.m. the following day for blood collection (i.e., 12 hours of fasting). A blood sample was col-
lected from each participant for the fasting lipid profile (FLP) and liver function test (LFT).
These tests were conducted in an ISO 15189-certified laboratory at AMDI, USM. Blood collec-
tion was performed by trained phlebotomists. Blood samples were transferred to the laboratory
within one hour, and the FLP and LFT analyses were carried out on the same day. Quantitative
determination of serum triglyceride (TG), total cholesterol (TC), HDL, total protein (TP), albu-
min, alkaline phosphatase (ALP), alanine transaminase (ALT), aspartate transaminase (AST),
total bilirubin (TB) and direct bilirubin (DB) were performed on a fully automated Beckman
Coulter AU680 biochemistry analyzer. Globulin was determined from simple subtraction of
albumin from total protein value, and indirect bilirubin was determined by subtraction of direct
bilirubin from total bilirubin value. LDL was calculated via Friedwald equation [21-23].

Total protein was quantified using the biuret method, which is suggested by the National
Institutes of Standards and Technology (NIST) Standard Reference Material (SRM) 972c.
Albumin was quantified using the bromocresol green method traceable to International Feder-
ation of Clinical Chemistry (IFCC) standard certified reference material (CRM) 470. ALP was
quantified using the kinetic color (pNP) method traceable to Beckman Coulter master calibra-
tion, whereas ALT and AST both were measured using the kinetic UV method that is traceable
to IFCC. Total bilirubin and direct bilirubin were quantified using the photometric color test
(diazonium salt) that is traceable to Beckman Coulter master calibrator and NIST SRM 916a
respectively. The results of TP, albumin, and globulin were expressed in g/L; ALP, ALT, and
AST were expressed in U/L, and bilirubin was expressed in umol/L.

Quantitation of TG, TC, and HDL levels were determined using the enzymatic color
method. Quantitation of TG and TC is traceable to isotope dilution mass spectrometry and
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NIST SRM 909b Level 1 respectively. For HDL, the method is traceable to the US Centers for
Disease Control and Prevention. All findings of FLP were expressed in mmol/L. Calibration
for all test methods were accomplished by the use of chemistry calibrator cat. 66300, except
HDL was determined with a separate HDL-cholesterol calibrator ODC 0011. Internal quality
control procedures were implemented immediately following calibration in accordance to
good laboratory practice. The lab protocol is available at dx.doi.org/10.17504/protocols.io.
bfuwjnxe.

Statistical analysis

All data analyses were performed with Statistical Package for Social Sciences (SPSS) version 24
(SPSS Inc., Chicago, IL, USA). Descriptive statistics for sociodemographic characteristics, clin-
ical factors, kratom use characteristics, fasting lipid profile, and liver function test results were
computed. The test for normality (with Shapiro-Wilk test and normal Q-Q plot) indicated the
continuous variables were not normally distributed, except for liver function test variables.
Hence, categorical variables were reported in frequencies and percentages, whereas continuous
variables were reported as median and interquartile range (IQR), except for liver function test
variables. Liver function test variables were described in mean and standard deviation. There
were no missing data. Differences in the sociodemographic characteristics and clinical factors
between kratom users and healthy subjects were evaluated using Pearson’s chi-square test or
Fisher’s exact test for categorical variables and Mann-Whitney U test for continuous variables.
Differences in liver function test variables between kratom users and healthy subjects were
assessed using an independent t-test. To achieve the first objective of the study, differences in
the fasting lipid profiles between kratom users and healthy subjects were evaluated with the
Mann-Whitney U test. Then, the continuous variables were log transformed in order to be
able to run the simple and multiple linear regression analyses. To achieve the second objective
of the study, the individual associations between kratom use characteristics, such as the age of
first kratom intake; duration of kratom use; average daily frequency of kratom use and average
daily kratom consumption (independent variables); and serum triglyceride, serum total cho-
lesterol, serum LDL, and serum HDL levels among kratom users (dependent variable), were
assessed using simple linear regression analysis. We took into consideration possible con-
founding factors that may influence lipid profile, such as age, employment status, cigarette
smoking, BMI, and physical activity [24-27]. Variables with p < 0.1 were entered into the mul-
tiple linear regression models as independent variables, and serum triglyceride, serum total
cholesterol, serum LDL, and serum HDL levels were entered as dependent variables. To ascer-
tain that the assumptions of the multiple linear regression models were met, we examined the
following: (a) Multicollinearity was assessed by referring to the variance inflation factor (VIF),
in which all the independent variables included in the multiple linear regression models had a
score of < 5 [28]. (b) Homoscedasticity of the residuals were evaluated by examining the scat-
terplot of the standardized values of the regression residuals on the vertical axis against stan-
dardized predicted values on the horizontal axis. The residuals of all the models were roughly
distributed in a rectangular shape in the scatterplot indicating homoscedasticity of the residu-
als [16,28]. (c) The normality of the residuals were examined by the Q-Q plot of the residuals
of all the models which demonstrated all the points lied in a reasonably straight diagonal line
from bottom left to top right, indicating no deviations from normality. Shapiro-Wilk test for
normality also indicated that the residuals of all the models were normally distributed

(p > 0.05) [16,28]. (d) The relationship between the independent variables and dependent var-
iable in all the models could be modelled by a straight line in the scatterplot suggesting a linear
relationship between the variables in all the models [16,28]. (e) Checking for outliers in all the
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models were performed by examining the scatterplot of the standardized values of the regres-
sion residuals on the vertical axis against standardized predicted values on the horizontal axis.
None of the residuals in all the models lied more than three standardized units from the regres-
sion line [16,28]. Statistical significance was set at p < 0.05 for all analyses, and all p-values
were two-sided.

Results
Participant characteristics

Table 1 lists the sociodemographic characteristics (age, gender, ethnicity, and employment)
and clinical factors (cigarette smoking, BMI, and adequacy of physical activity) of all partici-
pants. A total of 200 participants were enrolled in this study (100 kratom users and 100 healthy
subjects). All participants were males. There were no significant differences observed for socio-
demographic characteristics, such as age, ethnicity, and employment status. Among the clini-
cal factors assessed, significant differences were found for cigarette smoking and engagement
in physical activity between kratom users and healthy subjects. There was no significant differ-
ence in the median BMI between kratom users and healthy controls, and the median BMI of
the two groups were within normal range.

Table 2 illustrates the kratom use characteristics of the regular kratom users in this study.
Assessment of kratom use characteristics revealed that almost equal proportions of kratom

Table 1. Sociodemographic and clinical characteristics of the participants.

Variables

Age (years)
Gender:

Male

Ethnicity:

Malay

Non-Malay
Employment status:
Employed
Unemployed
Cigarette smoking:
Non-smoker

1-5 cigarettes/day
6-10 cigarettes/day
> 10 cigarettes/day
BMI (kg/m?)
Physical activity:

Inadequate physical activity
Adequate physical activity

* median

% interquartile range

* Mann-Whitney U test

Y Bisher’s exact test

© Pearson’s chi-square test

* statistical significance at p < 0.05

https://doi.org/10.1371/journal.pone.0234639.t001

Kratom users Healthy subjects p-value
N % N %
27* 19-43° 29* 26-34° 0.707°
100 100 100 100 -
99 99 95 95
1 1 5 5 0.212°
86 86 89 89
14 14 11 11 0.669°
0 0 62 62
28 28 17 17
14 14 14 14
58 58 7 7 < 0.001°*
22.51* 18.33-27.05 ° 22.91* 20.77-24.06° 0.436°
32 32 16 16
68 68 84 84 0.013%*
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Table 3. Fasting lipid profile of the participants.

Lipid variables

Serum triglycerides (mmol/L)
Serum total cholesterol (mmol/L)
Serum LDL (mmol/L)

Serum HDL (mmol/L)

* statistical significance at p < 0.05

https://doi.org/10.1371/journal.pone.0234639.t003

Table 2. Kratom use characteristics of the study’s kratom users.

Variables n= %

Age of first kratom use:

< 18 years old 48 48

> 18 years old 52 52
Duration of kratom use:

1-5 years 44 44

> 5 years 56 56
Average daily frequency of kratom use:

Mean number of times/day 3.71° 1.64°
Average daily consumption of kratom:

Mean number of glasses/day 4.49° 1.99°
* mean

$ standard deviation

https://doi.org/10.1371/journal.pone.0234639.t1002

users started using kratom at the age of < 18 years old (n = 48, 48%) and > 18 years old (n = 52,
52%). A larger proportion of kratom users had been using kratom for more than 5 years (n =
56, 56%). The mean daily frequency of kratom use was 3.71 times/day (SD = 1.64), and the
mean daily consumption of kratom was 4.49 glasses/day (SD = 1.99). The liver function test
results of all participants (kratom users and healthy subjects) were within the normal range, and
there were no differences in liver function parameters between the two groups (S1 Table).

Fasting lipid profile of the participants

Table 3 shows the fasting lipid profiles of kratom users and healthy subjects. Of the lipid param-
eters tested, serum total cholesterol and serum LDL differed significantly between kratom users
and healthy subjects. The serum LDL of kratom users was significantly lower than that of
healthy subjects (median serum LDL [kratom] = 3.11 mmol/L, median serum LDL [healthy] =
3.62 mmol/L, p = 0.003). The serum total cholesterol of kratom users was also significantly
lower than that of healthy subjects (median cholesterol [kratom] = 4.94 mmol/L, median choles-
terol [healthy] = 5.56 mmol/L, p = 0.001). However, no significant differences in the serum tri-
glyceride and serum HDL were detected between kratom users and healthy subjects.

Association between kratom use characteristics and serum triglyceride
level

Table 4 illustrates the associations between kratom use characteristics and serum triglyceride
level among the kratom users, considering the confounding factors that may affect serum lipid

Kratom users Healthy subjects p-value
Median IQR Median IQR
1.48 0.92-2.58 1.82 1.07-2.66 0.572
4.94 4.35-6.10 5.56 4.95-6.19 0.001*
3.11 2.55-3.95 3.62 3.02-4.14 0.003*
1.24 1.07-1.39 1.2 1.07-1.36 0.598
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Table 4. Association between kratom use characteristics and serum triglyceride level among kratom users, accounting for confounding factors such as age, employ-
ment status, cigarette smoking, physical activity, and BMI.

Simple linear regression p-value Multiple linear regression p-value
model®
B 95% CI B 95% CI
Age (years) 0.81 0.53-1.10 < 0.001* 0.29 -0.31-0.89 0.343
Employment status:
Employed Reference Reference
Unemployed -0.18 -0.34—-0.03 0.023* -0.30 -0.25--0.05 0.174
Cigarette smoking:
< 10 cigarettes/day Reference Reference
> 10 cigarettes/day 0.12 0.003-0.23 0.045* 0.06 -0.04-0.16 0.239
BMI 1.42 0.91-1.93 < 0.001* 0.23 -0.70-1.16 0.623
Physical activity:
Inadequate physical activity Reference Reference
Adequate physical activity -0.29 -0.40--0.18 < 0.001* -0.50 -0.32-0.04 0.126
Age of first kratom intake:
< 18 years old Reference Reference
> 18 years old 0.26 0.16-0.36 < 0.001* 0.07 -0.10-0.24 0.430
Duration of kratom use:
1-5 years Reference Reference
> 5 years 0.20 0.09-0.31 < 0.001" 0.002 -0.14-0.15 0.978
Average daily frequency of kratom use (mean number of times/day) 0.03 -0.01-0.06 0.113 - - -
Average daily consumption of kratom (mean number of glasses/day) 0.01 -0.02-0.03 0.679 - - -

* statistical significance at p < 0.1
* multiple linear regression model reported F (7,92) = 6.929, p < 0.001, R* = 0.345

https://doi.org/10.1371/journal.pone.0234639.1004

profile, such as age, employment status, cigarette smoking, physical activity, and BMI. Simple
linear regression revealed that kratom use characteristics, such as age of first kratom intake

of > 18 years old and duration of kratom use for > 5 years, user age, unemployment, cigarette
smoking of > 10 cigarettes/day, BMI, and adequate physical activity were significantly associ-
ated with serum triglyceride level (p < 0.1). Other kratom use characteristics, such as average
daily frequency of kratom use and average daily consumption of kratom, were not associated
with serum triglyceride level. However, none of the kratom use characteristics or other vari-
ables were significantly associated with serum triglyceride level when they were entered into a
multiple linear regression model. The linear regression model contributed to a significant
regression equation, i.e., F (7,92) = 6.929, p < 0.001, with an R? of 0.345.

Association between kratom use characteristics and serum total cholesterol

Table 5 shows the associations between kratom use characteristics and serum total cholesterol
level among the kratom users, considering the confounding factors that may affect serum
lipid, such as of age, employment status, cigarette smoking, physical activity, and BMI. Simple
linear regression indicated that kratom use characteristics, such as age of first kratom intake
of > 18 years old, duration of kratom use for > 5 years, higher average daily frequency of kra-
tom use, age, BMI, and adequate physical activity were significantly associated with serum
total cholesterol level (p < 0.1). Average daily consumption of kratom was not associated with
serum total cholesterol level. The multiple linear regression model revealed that higher average
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Table 5. Association between kratom use characteristics and serum total cholesterol level among kratom users, accounting for confounding factors such as age,
employment status, cigarette smoking, physical activity, and BMI.

Variables Simple linear regression p-value Multiple linear regression p-value
model®
B 95% CI B 95% CI

Age (years) 0.25 0.15-0.35 < 0.001* 0.25 0.04-0.47 0.022**
Employment status:
Employed Reference - - -
Unemployed -0.04 -0.10-0.01 0.135
Cigarette smoking:
< 10 cigarettes/day Reference - - -
> 10 cigarettes/day 0.02 - 0.01-0.06 0.213
BMI 0.35 0.16-0.54 < 0.001* 0.32 -0.02-0.65 0.061
Physical activity:
Inadequate physical activity Reference Reference
Adequate physical activity -0.05 -0.09--0.01 0.010* 0.05 -0.02-0.11 0.159
Age of first kratom intake:
< 18 years old Reference Reference
> 18 years old 0.06 0.03-0.10 0.001* -0.02 -0.08-0.04 0.518
Duration of kratom use:
1-5 years Reference Reference
> 5 years 0.06 0.03-0.10 0.001* 0.003 -0.05-0.05 0.899
Average daily frequency of kratom use (mean number of times/day) 0.01 0.005-0.02 0.059* 0.01 0.002-0.02 0.018"*
Average daily consumption of kratom (mean number of glasses/day) - 0.002 -0.01-0.01 0.667 - - -

* statistical significance at p < 0.1

** statistical significance at p < 0.05

* multiple linear regression model reported F (6,93) = 5.663, p < 0.001, R* = 0.268

https://doi.org/10.1371/journal.pone.0234639.t005

daily frequency of kratom use was significantly associated with an increase in serum total cho-
lesterol. In addition, increasing age was also significantly associated with an increase in serum
total cholesterol. Age of first kratom intake, duration of kratom use, and other variables
entered in the model were not associated with the serum total cholesterol level. The linear
regression model contributed to a significant regression equation of F (6,93) = 5.663,

p < 0.001, with an R? of 0.268.

Association between kratom use characteristics and serum LDL

Table 6 shows the associations between kratom use characteristics and serum LDL level
among the kratom users, accounting for the confounding factors that may affect serum lipid
such as age, employment status, cigarette smoking, physical activity, and BML. Initially, the
simple linear regression revealed that age of first kratom intake of > 18 years old, duration of
kratom use for > 5 years, as well as age, BMI, and adequate physical activity were significantly
associated with serum LDL level (p < 0.1). Average daily frequency of kratom use and average
daily consumption of kratom were not associated with serum LDL level. The multiple linear
regression model indicated that higher BMI was significantly associated with increase in
serum LDL among the kratom users. Other variables entered in the model were not associated
with serum LDL level. The linear regression model contributed to a significant regression
equation of F (5,94) = 4.965, p < 0.001 with an R* of 0.209.
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Table 6. Association between kratom use characteristics and serum LDL level among kratom users, accounting for confounding factors such as age, employment

status, cigarette smoking, physical activity, and BMI.

Variables Simple linear regression p-value Multiple linear regression p-value
model®
B 95% CI B 95% CI
Age (years) 0.34 0.19-0.49 < 0.001* 0.26 -0.06-0.58 0.113
Employment status:
Employed Reference - - -
Unemployed -0.05 -0.13-0.30 0.215
Cigarette smoking:
< 10 cigarettes/day Reference - - -
> 10 cigarettes/day 0.04 -0.02-0.10 0.161
BMI 0.53 0.25-0.80 < 0.001* 0.50 0.02-1.00 0.050"*
Physical activity:
Inadequate physical activity Reference Reference
Adequate physical activity -0.08 -0.14--0.02 0.009* 0.06 -0.04-0.16 0.233
Age of first kratom intake:
< 18 years old Reference Reference
> 18 years old 0.08 0.03-0.14 0.003* -0.03 -0.12-0.06 0.561
Duration of kratom use:
1-5 years Reference Reference
> 5 years 0.09 0.04-0.15 0.001* 0.03 -0.05-0.10 0.453
Average daily frequency of kratom use (mean number of times/day) 0.01 -0.004-0.03 0.135 - - -
Average daily consumption of kratom (mean number of glasses/day) -0.003 -0.02-0.01 0.672 - - -

* statistical significance at p < 0.1
** statistical significance at p < 0.05
* multiple linear regression model reported F (5,94) = 4.965, p < 0.001, R* = 0.209

https://doi.org/10.1371/journal.pone.0234639.t006

Association between kratom use characteristics and serum HDL

Table 7 shows the associations between kratom use characteristics and serum HDL level
among the kratom users, accounting for confounding factors that may affect serum lipid, such
as age, employment status, cigarette smoking, physical activity, and BMI. Initially, simple lin-
ear regression analysis indicated that kratom use characteristics, such as age of first kratom
intake of > 18 years old and duration of kratom use for > 5 years, as well as age, BMI, and ade-
quate physical activity were significantly associated with serum HDL level (p < 0.1). Average
daily frequency of kratom use and average daily consumption of kratom were not associated
with serum HDL level. However, the multiple linear regression model revealed that none of
the variables entered in the model were associated with serum HDL level among the kratom
users. The linear regression model contributed to a significant regression equation of F (5,94)
=3.453, p = 0.004, with an R* of 0.182.

Discussion

This study determined the fasting lipid profiles of regular kratom users as compared to healthy
subjects that do not use kratom. It evaluated the associations between kratom use characteris-
tics and serum triglyceride, total cholesterol, LDL, and HDL levels, accounting for confound-
ing factors, such as age, employment status, cigarette smoking, physical activity, and BMI
among the kratom users [24-27]. We found that the serum total cholesterol and serum LDL
levels were significantly lower in kratom users compared to healthy subjects who did not use
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Table 7. Association between kratom use characteristics and serum HDL level among kratom users, accounting for confounding factors such as age, employment
status, cigarette smoking, physical activity, and BMI.

Variables Simple linear regression p-value Multiple linear regression p-value
model®
B 95% CI B 95% CI
Age (years) -0.09 -0.17--0.004 < 0.039* 0.1 -0.08-0.27 0.268
Employment status:
Employed Reference - -
Unemployed 0.005 -0.04-0.05 0.821
Cigarette smoking:
< 10 cigarettes/day Reference - -
> 10 cigarettes/day -0.02 -0.05-0.01 0.262
BMI -0.25 -0.39--0.10 0.001* -0.08 -0.35-0.19 0.562
Physical activity:
Inadequate physical activity Reference Reference
Adequate physical activity 0.06 0.03-0.09 < 0.001" 0.04 -0.02-0.09 0.167
Age of first kratom intake:
< 18 years old Reference Reference
> 18 years old -0.03 - 0.06--0.004 0.028* -0.03 -0.08-0.20 0.251
Duration of kratom use:
1-5 years Reference Reference
> 5 years -0.03 -0.06—-0.001 0.044* -0.02 -0.06-0.02 0.282
Average daily frequency of kratom use (mean number of times/day) 0.01 -0.003-0.02 0.201 - -
Average daily consumption of kratom (mean number of glasses/day) -0.003 -0.01-0.005 0.439 - -

* statistical significance at p < 0.1

* multiple linear regression model reported F (5,94) = 3.453, p = 0.004, R* = 0.182

https://doi.org/10.1371/journal.pone.0234639.t007

kratom. There were no significant differences in the serum triglyceride and serum HDL levels
between the kratom users and healthy subjects who did not use kratom. A Malaysian study
that compared the blood parameters between regular kratom users and subjects who did not
use kratom reported contrasting findings. Singh et al. (2018) found that the mean serum HDL
was significantly higher in kratom users, whereas the mean serum cholesterol, LDL, and tri-
glycerides did not differ significantly between users and non-users [15]. This discrepancy in
findings may be due to differences in the methodology used in the study and differences in
sample size. Additionally, as a comparison, the lipid profile findings in opioid users are incon-
sistent. In a study of opium users, Salman et al. (2010) reported significantly higher serum tri-
glyceride, serum total cholesterol, and serum LDL levels in users compared to non-users [29],
while another study in heroin addicts demonstrated significantly lower serum triglyceride and
total cholesterol levels but higher serum VLDL when compared to non-addicts [30]. Another
study of heroin addicts indicated that the drug users had significantly lower serum total choles-
terol and HDL than the non-users, but no differences were seen in serum triglyceride levels
[31]. The inconsistency of the lipid profile findings in opioid users may be due to the different
routes of administration of the drug and the history of polysubstance use among the opioid
addicts [32].

Unlike regular opioid use, our findings did not suggest elevation of serum lipid in regular
kratom users, as it appears that kratom users had lower serum total cholesterol and LDL com-
pared to healthy subjects who didn’t use kratom. It is unlikely that the lower serum total cho-
lesterol and LDL levels were due to liver damage, which impairs biosynthesis of cholesterol,
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because the liver function test results of kratom users in our study were shown to be in the nor-
mal range. Although hepatotoxicity of kratom has been reported in a series of case reports in
Western countries [33-37], it has not been reported in Southeast Asian nations such as Malay-
sia and Thailand [15,38]. This discrepancy may be a result of the co-ingestion of kratom with
other substances, such as benzodiazepine, amphetamine, and ethanol, or kratom intake in
those with underlying medical problems in the West. In contrast, in Southeast Asia, most of
the kratom users only consumed kratom and are not poly-drug users [10,15,39]. The lower
serum cholesterol and LDL levels in kratom users may not be due to physical activity since
there was a significantly smaller proportion of kratom users who engaged in adequate physical
activity, i.e., moderate-intensity physical activity of > 150 minutes/week or vigorous-intensity
physical activity of > 75 minutes/week as compared to healthy subjects. It is also unlikely that
lower serum cholesterol and LDL in kratom users is due to other confounding factors that
may influence lipid profile; there were no differences in age and employment status between
the kratom users and healthy subjects, and despite having higher proportion of regular smok-
ers, kratom users still reported to have lower serum cholesterol and LDL.

However, evaluation of the associations between kratom use characteristics and the fasting
lipid profiles of kratom users revealed that higher average daily frequency of kratom use was
significantly associated with increased serum total cholesterol. We hypothesized that more fre-
quent daily consumption of kratom may cause additive superposition that occurs due to multi-
ple dosing of the same drug in short time intervals, where the total serum concentration of a
drug is the sum of concentrations remaining from each prior dose combined with concentra-
tions from the most recent dose. Hence, the increasing serum concentration of kratom alka-
loids from multiple doses in a day leads to an increase in serum cholesterol [40]. This may be
explained by the terminal half-life of the most abundant psychoactive alkaloid in kratom, i.e.,
mitragynine, which is 3-9 hours [41]. Hence, with multiple instances of kratom consumption
on a daily basis, may lead to additive superposition in which the rate of mitragynine accumula-
tion in the serum exceeded the rate of elimination of the alkaloid that the terminal half-life of
mitragynine can compensate. Hence, the increase in the serum concentration of mitragynine
may lead to high serum total cholesterol. Moreover, an animal study has shown that adminis-
tration of morphine (mu opioid receptor agonist) for a duration of 5 to 28 days to mice
increased serum triglycerides, LDL, and aortic cholesterol levels even in mice with a normal
diet. These effects were prevented by administration of naltrexone (mu opioid receptor antag-
onist) [42,43]. These findings indicate that activation of mu opioid receptors in the central ner-
vous system may lead to raised serum lipid levels. The psychoactive alkaloids of kratom, i.e.,
mitragynine and 7-hydroxymitragynine, are mu receptor agonists [1]; hence, its effect on
serum cholesterol may be mediated through activation of mu receptors. However, the effect of
mitragynine and 7-hydroxymitragynine on serum lipid has yet to be investigated. The other
kratom use characteristics such as the age of first kratom intake, duration of kratom use, and
average daily consumption of kratom were not predictive of any of the serum lipid parameters.
In a study of regular kratom users in Malaysia, Singh et al. (2018) also found that the duration
and quantity of daily kratom use were not associated with increased serum lipid levels [15]. In
addition, increasing age and higher BMI among kratom users were also linked to increase
serum cholesterol and LDL respectively. These findings are concordant with the findings in
the general population that increasing age and BMI predict higher serum cholesterol and LDL
[24,25].

The findings in this study must be interpreted in light of a few limitations. First, the sample
size of this study was small, and the multiple linear regression model with serum triglycerides
as the dependent variable should be interpreted with caution. Second, this study was a cross-
sectional study; hence we were unable to establish the causal relationship between kratom use
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characteristics and serum lipid profile across time, and there is time-lag between kratom use
and the lipid profiles of the kratom users. Third, all study participants were recruited from tar-
geted communities in a single state in Malaysia, but kratom use is also common in other states
in northern Peninsular Malaysia, such as Kedah and Perlis. Therefore, our findings cannot be
generalized to represent the entire population in Malaysia that uses kratom. Fourth, the
instructions for fasting were communicated verbally to the participants, but they were not
admitted to the in-patient ward of the research facility to ensure that fasting occurred prior to
blood collection. However, studies have shown that the differences in lipid parameters between
fasting and non-fasting states are minimal and that the non-fasting lipid profile is not inferior
to the fasting lipid profile as a predictive factor for cardiovascular diseases [44]. Finally, we
were unable to recruit female kratom users in our study, as kratom use among females is not
socially acceptable in Malaysia, so female users generally do not disclose their use. However,
kratom use among females in the country is mainly in the form of traditional remedies on an
as-needed basis for symptomatic relief of abdominal pain, muscle pain, diarrhea, and cough,
rather than for regular use as seen in males [38].

Despite these limitations, we reported useful preliminary findings about the lipid profiles of
regular kratom users without a history of poly-substance use, as compared to healthy subjects
who didn’t use kratom and were from the same communities as the kratom users. However,
further study of regular kratom users with a multicenter, prospective design (i.e., a cohort
study) and inclusion of healthy subjects who don’t use drugs as a comparison group is recom-
mended to confirm our findings.

Conclusions

This study compared the fasting lipid profiles of regular kratom users with those of healthy
subjects and evaluated the association between kratom use characteristics and various lipid
parameters, which included serum triglyceride, cholesterol, LDL, and HDL among kratom
users, accounting for confounding factors such as age, employment status, cigarette smoking,
physical activity, and BMI. The serum cholesterol and LDL were significantly lower in the kra-
tom users compared to the healthy subjects, which were independent of the effects of liver
function, age, employment status, cigarette smoking, and physical activity. However, regard-
less of the amount of kratom consumed and duration of kratom use, higher average daily fre-
quency of kratom use, increasing age, and higher BMI were associated with increased serum
total cholesterol and LDL among kratom users. However, the findings in this study may have
to be interpreted with caution due to the small sample size. Hence, further study using a larger
sample size and improved methodology is warranted to confirm these findings.
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