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High Prevalence of Cannabis Use Among Aka Foragers of the Congo Basin
and Its Possible Relationship to Helminthiasis

CASEY J. ROULETTE,1 MIRDAD KAZANJI,2 SEBASTIEN
BREUREC,2 AND EDWARD H. HAGEN1*
1
Department of Anthropology, Washington State University, Vancouver, WA
2
Institute Pasteur, Bangui, Central African Republic

Objectives: Little is known about cannabis use in hunter-gatherers. Therefore, we investigated cannabis use in the
Aka, a population of foragers of the Congo Basin. Because cannabis contains anthelminthic compounds, and the Aka
have a high prevalence of helminthiasis, we also tested the hypothesis that cannabis use might be an unconscious form
of self-medication against helminths.
Methods: We collected self- and peer-reports of cannabis use from all adult Aka in the Lobaye district of the Central
African Republic (n 5 379). Because female cannabis use was low, we restricted sample collection to men. Using an
immunoassay for D9-tetrahydrocannabinol-11-oic acid (THCA), a urinary biomarker of recent cannabis consumption,
we validated cannabis use in men currently residing in camps near a logging road (n 5 62). We also collected stool samples to assay worm burden. A longitudinal reinfection study was conducted among a subsample of the male participants
(n 5 23) who had been treated with a commercial anthelmintic 1 year ago.
Results: The prevalence of self- and peer-reported cannabis use was 70.9% among men and 6.1% among women, for
a total prevalence of 38.6%. Using a 50 ng/ml threshold for THCA, 67.7% of men used cannabis. Cannabis users were
significantly younger and had less material wealth than the non-cannabis users. There were significant negative associations between THCA levels and worm burden, and reinfection with helminths 1 year after treatment with a commercial anthelmintic.
Conclusions: The prevalence of cannabis use among adult Aka men was high when compared to most global populations. THCA levels were negatively correlated with parasite infection and reinfection, supporting the self-medication
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INTRODUCTION

Arrival of cannabis in Africa

Cannabis is the world’s most widely used illicit drug
(Hall and Degenhardt, 2007), with a global prevalence of
use estimated at 2.9–4.3% of all individuals between 15
and 64 years (UN, 2010). Research on cannabis use is limited, however, due to the potential legal and social consequences of admitting use. Consequently, little is known
about cannabis use in the developing world (e.g., Degenhardt and Hall, 2012). Even less is known about cannabis
use among the many small-scale populations scattered
throughout remote parts of the developing world, such as
in the Congo Basin. Here we investigate patterns of cannabis use in a population of foragers of the Congo Basin.
This is one of the first systematic studies of cannabis use
in a hunting-gathering population, and the first, to our
knowledge, to validate use with a biomarker. It is also one
of the first studies to explore the relationship between
substance use and intestinal helminth infection, two of
the developing world’s great health problems.

It is uncertain when cannabis was brought to Africa.
Schultes (1970) argues that cannabis arrived in Africa as
early as 4000–3000 BP, but du Toit (1980), using linguistic, historical, and archaeological evidence, concludes that
cannabis arrived via Moslem sea traders from the Indian
subcontinent around the 1st century AD. It then spread
west and south via the Arab caravan trade (du Toit, 1976).
Philips (1983, p. 308), however, argues that Islamic Arabs
were not involved and that even if cannabis was in Africa
prior to European colonization, it was likely not smoked
until the 17th century. Today, the prevalence of cannabis
use in Africa is estimated at 5–12.5%, with the highest
rate in West and Central Africa, although data are very
scarce (UN, 2013).
Cannabis use among foragers of the Congo Basin

Cannabis

Foragers of the Congo Basin, also called “pygmies,” are
a large and diverse population of hunter-gatherers comprising at least 15 ethnolinguistic groups, of which the
most well studied are the Aka, Baka, Efe, and Mbuti

Cannabis spp. are indigenous to Asia (Hillig, 2005), where
they have been used as fiber, food, oil, medicine, and intoxicants since prehistory. They belong to the small family
Cannabaceae, which also includes another socially and economically important species, humulus (hops) (Clarke and
Merlin, 2013). Cannabis contains the psychoactive cannabinoid, D9-tetrahydrocannabinol (THC), as well as hundreds
of other chemicals, including more than 60 cannabinoids
(Huestis, 2007; Turner et al., 1980). Cannabis sativa is the
most widely distributed of the cannabis species today, due in
large part to its important economic role as a source of fiber.
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(Bahuchet, 2014). These foragers are characterized by a
preference for forest life, polyphonic music, an association
with farmer populations, and are generally peaceful and
egalitarian with marked gender equality. Most are transitional foragers in that they spend part of the year camped
near villages to work in the farmers’ fields, and the rest of
the year in the forest hunting and gathering. When
camped near the villages, they trade labor and forest
products for agricultural foods, clothes, salt, axes and knives, and psychoactive substances like alcohol, tobacco,
and cannabis (Hewlett, 2014).
Foragers of the Congo Basin smoke a variety of psychoactive substances, including commercial cigarettes, locally
grown tobacco, cannabis, and native plants. It is probable
that the foragers of the Congo Basin have always known of
plants with psychoactive properties, such as the forest
plant medeaka smoked by the Mbuti (Schebesta, 1941),
which might be a species of Mitragyna (R€
atsch, 2005), as
well the forest plant motunga (Polyalthia suaveolens,
Annonaceae, a.k.a. Greenwayodendron suaveolens Verdc.,
Annonaceae; Engl. and Diels), which is smoked by the Aka
(Roulette et al., 2014) and Baka (Oishi and Hayashi, 2014).
Although the Mbuti say that they have smoked cannabis since the beginning of time (Hallet, 1975, p. 409), there
is little evidence for forager use prior to European colonization. Ethnographically, elephant hunting specialists
have been described as the heaviest users of cannabis
(Hewlett, 1977; Schebesta, 1933), which might indicate
that it was adopted at the height of the ivory trade, in the
19th century (Hewlett, 1977).
Linguistic evidence suggests that cannabis spread from
eastern Africa west into the interior of the Congo Basin.
For example, bangui, the common forager word for cannabis, is related to the popular east African root word,
mbangi; and the west Congo Basin Baka word, njama
(Oishi and Hayashi, 2014), and the east Congo Mbuti
word, djemu, are both similar to the word, njemu, which
is used by the Nyamwezi, an east African Bantu group
(Hewlett, 1977).
Ethnographic descriptions of cannabis use among foragers of the Congo Basin are limited, and those that exist
are often contradictory. Turnbull (1968, 1976), for
instance, rarely mentions cannabis use among the Mbuti,
whereas Schebesta (1933, 1936) notes its frequent use.
Schebesta (1933) mentions that cannabis gives archers
the “power” to kill elephants, but that it also makes them
“dazed and trembling all over” (Schebesta, 1936, p. 214).
In one of the only reviews of cannabis use among pygmies
of the Congo Basin, Hewlett (1977) notes that cannabis
plays important sociocultural and ecological functions and
that it is associated with motivational effects. As he
states, they “smoke to increase their courage on a hunt,
dance better, increase their vital force, or to increase their
work capacity when working for Europeans or village people” (Hewlett, 1977, p. 10). However, Turnbull (1983)
notes that cannabis can also be detrimental to hunting
(and mating) success. Bailey (1991) focuses on the negative economic impact of smoking cannabis (and tobacco)
among Mbuti foragers, noting that Mbuti smokers are
more likely to trade labor and goods for cannabis and
tobacco, thus decreasing their overall material wealth.
Despite these few ethnographic descriptions, to our
knowledge, there are no systematic studies of cannabis
use among foragers of the Congo Basin. Thus, the current
extent of cannabis use in these populations is unknown.
American Journal of Human Biology

Cannabis versus helminth infection
Human behavioral ecologists have rarely investigated
psychoactive substance use (see Dudley, 2000; Hill and
Chow, 2002; Lende and Smith, 2002). In non-human animals, including many vertebrate, mammalian, and primate species, there is increasing evidence that
consumption of toxic plants is a form of self-medication
against pathogens (Forbey et al., 2009; Huffman, 1997;
Su
arez-Rodrıguez et al., 2013; Villalba et al., 2014;
Wrangham and Nishida, 1983). Interestingly, all major
human recreational plant drugs—coffee, tea, tobacco, cannabis, and betel nut—are toxic to helminths. Indeed, nicotine, the principal psychoactive compound in tobacco as
well as arecoline, the psychoactive compound in betel nut,
have been widely used as commercial anthelmintics
(Hammond et al., 1997). This raises the possibility that
human “recreational” substance use might be an unconscious form of self-medication against helminths and
other macroparasites (Hagen et al., 2009; Roulette et al.,
2014; Rodriguez and Cavin, 1982; Wyatt, 1977).
The global disease burden of helminth infections is
greater than that of malaria and tuberculosis and is associated with anemia, growth stunting, protein-calorie
under nutrition, fatigue, and poor cognitive development
(Hotez et al., 2008). Most foragers of the Congo Basin are
heavily parasitized (Froment, 2014; Lilly et al., 2002; Roulette et al., 2014), similar to other hunter-gatherer populations (Hurtado et al., 2008).
Cannabis contains anthelminthic compounds, and
therefore, its use might protect against parasitic infection.
C. sativa, for example, has been used as a pest repellent
and pesticide as well as a companion crop to help control
plant nematodes (McPartland, 1997). Aqueous extracts of
C. sativa are, indeed, toxic to plant nematodes (Mukhtar
et al., 2013). Cannabis extracts also have demonstrated
activity against human pathogens and parasites. All five
major cannabinoids (cannabidiol, cannabichromene, cannabigerol, THC, and cannabinol) have antibacterial activity against Staphylococcus aureus, a coccal bacterium
often found in the human respiratory tract and on the
skin (Appendino et al., 2008). Crude extracts of C. sativa
leaves also cause paralysis and death of the intestinal
trematode Fasciolopsis buski, and the effect is more lethal
than the commercial flukicide, Oxyclozanide (Roy and
Tandon, 1997).
Study aims
This study had two aims. First, using self-reports and a
urinary biomarker, we wanted to provide a definitive
prevalence of cannabis use for one forager population of
the Congo Basin: Aka residing in the Lobaye district of
the Central African Republic (CAR). Our previous
research on the prevalence of tobacco use among the Aka
found that 95% of Aka men smoked tobacco (Roulette
et al., 2014), compared to 17% of men in sub-Saharan
Africa and 31% of men globally (Ng et al., 2014). This
raised the possibility that the prevalence of Aka men’s
cannabis use might also be high. In contrast, less than
15% of Aka women self-reported smoking tobacco, and
only 5% were smokers according to their levels of cotinine,
a nicotine metabolite (Roulette et al., 2014). This
resembled sex differences in substance use seen in other
developing countries (e.g., Ng et al., 2014; Degenhardt
et al., 2008).
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We also wanted to determine if variation in cannabis
use was associated with variation in: wealth, as previously reported (Bailey, 1991); acculturation; Aka social
roles, such as traditional healers and camp leaders (elephant hunting is now very rare); residential proximity to
a large village; and age and sex, as seen in other populations (Degenhardt et al., 2008).
Our second aim was to test the hypothesis that psychoactive drug use, in part, is a form of self-medication
against helminths. Therefore, we investigated the relationship between cannabis use and helminth infections.
In our previous study on Aka tobacco use, Roulette et al.
(2014) found that, in Aka men, (1) the heaviest tobacco
smokers had the lowest worm burden; (2) treatment with
albendazole, a commercial anthelmintic, reduced tobacco
smoking (or increased nicotine metabolism) compared to
placebo controls; (3) after treatment, salivary cotinine levels were negatively correlated with helminth reinfection 1
year later; and (4) individuals with cytochrome P450
alleles that slowed nicotine metabolism had lower worm
burden compared to those with normal metabolizing
alleles.
Here we attempt to replicate results (1) and (3) for cannabis [we did not have funding to replicate (2) or (4)]. Specifically, our first study investigated the cross-sectional
relationship between cannabis use and worm burden.
Worm burden should be negatively correlated with D9tetrahydrocannabinol-11-oic acid (THCA) concentrations.
Our second study was longitudinal and explored cannabis
use versus helminth reinfection. Among individuals
whose helminth infections have been treated with a commercial anthelmintic in year 1, higher levels of cannabis
use should limit reinfection with helminths in year 2.
MATERIALS AND METHODS
This study was approved by the Washington State University Institutional Review Board (IRB) and the IRB of
the Medical School of the University of Bangui, CAR.
Informed consent was obtained from all participants. Consent was oral, and not written, for two reasons. First, the
Aka are not literate. Second, cannabis is illegal in CAR,
although in rural villages this law is only lightly enforced.
Oral consent helped ensure that privacy would not be
breached. Both IRBs approved oral consent, and consent
was documented by a local translator. Permission to conduct this research was obtained from the Mistere de l’Eduation Nationale, de l’Enseignement superieur et de la
Recherche, CAR.
Study population and participant recruitment
The Aka (also called BaAka, Biaka, and Bayaka) are a
group of hunter-gatherers (forest foragers) residing in the
western Congo Basin. They number about 30,000, but live
in small camps (approximately 6–12 adult Aka per camp)
scattered throughout southwestern CAR and the northern
part of the Republic of the Congo (Hewlett, 1996).
Participants were recruited from three regional subpopulations along the Lobaye River in CAR with a combined
Aka population of 164 adult men and 215 adult women
residing in 36 camps. Aka camps are located on trails
radiating out from the main logging road into the forest.
All participants resided in camps within 1 km of the
main logging road.

We first surveyed cannabis and tobacco use in all men
and women in all camps. Not everyone in each camp was
present at the time of the survey. According to self-report
and peer report, 70.9% of males and 6.1% of females used
cannabis, for a total prevalence of 38.6%. Due to the low
percentage of female cannabis users, we restricted our
remaining data collection to men.
We recruited all adult men who were currently residing
in camp to participate in the study (n 5 62). We did not
prescreen these participants for cannabis or tobacco use,
health complaints, or any other criteria. Most of these
men (54) had been treated with albendazole 1 year ago.
Specimen collection
Using provided kits, all 62 male participants were
asked to provide stool specimens every other day for about
6 days, for a total of 3 years—two worm specimens each,
as well as three saliva and urine samples. Stool was collected using ParaPak vials with formalin. Participants
were instructed to provide 2–5 ml of saliva immediately
upon waking and before smoking their first cigarette.
Urine was collected in sterile collection cups and then
pipetted into 5-ml centrifuge tubes. Urine and saliva were
stored at 2208C in a solar-powered freezer and then
shipped to the Bioanthropology Laboratory at Washington
State University (WSU) Vancouver for analysis.
A subsample of the albendazole-treated men (n 5 23)
had also provided one to three stool samples 2 weeks after
treatment (see Roulette et al., 2014 for details); these men
comprised the sample for the longitudinal reinfection
study reported here. We refer to these immediate posttreatment stool samples as the “year 1 baseline” samples,
s1–s3, and to the new samples collected specifically for
this study as “year 2 samples,” s4–s6.
Interview
All male participants were interviewed, using a semistructured questionnaire (Bernard, 2006; Schensul et al.,
1999) to assess the sociodemographic characteristics of
cannabis use and to control for potential confounds in the
cross-sectional and reinfection studies. The surveys produced 14 demographic variables in six domains: kombeti,
nganga, wealth, acculturation, subpopulation, and age.
Kombeti are the head of camps and are the oldest male
member of each camp (1 5 kombeti, 0 5 not kombeti).
Nganga are traditional healers (1 5 nganga, 0 5 not
nganga). The “wealth score” was the sum of self-reported
number of clothes, watches, flashlights, radios, and batteries owned. The “acculturation score” was the sum of
self-reported attendance in school as a child and as an
adolescent, church attendance, and preference for living
in the village versus the forest (yes 5 1, no 5 0). Subpopulation was either coded as belonging to one of the three
regional subpopulations or as village (the largest subpopulation) versus non-village (the other two, smaller, subpopulations). Because Aka do not keep track of age, age
was estimated by an Ngandu research assistant who had
lifelong associations with these Aka populations.
For each trail, we also recruited three adults to peer
rate the frequency of cannabis use of all participants
who resided on that trail (0 5 less than average,
1 5 more than average). We then summed those three
ratings to create a peer-rated frequency of use score,
which ranged from 0 to 3.
American Journal of Human Biology
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TABLE 1. Descriptive statistics

THCA and cotinine assays
THCA is a metabolic product of THC. It is predominantly excreted in urine as the ester-linked glucuronide
conjugate (Foltz, 2007). THCA is a superior biomarker to
THC because it can be detected for several weeks following a single dose of THC (Agurell et al., 1986; Ellis et al.,
1985) and it is more soluble and absorbs less onto the
walls of storage containers (Rogers et al., 1978).
Nicotine, the principal psychoactive alkaloid in tobacco,
has a half-life of 2–3 hours whereas cotinine, the principal
metabolite of nicotine, has a half-life of approximately 17
hours. Cotinine is thus a superior biomarker of recent nicotine exposure (Benowitz, 1996).
Urine and saliva were assayed in the Bioanthropology
Laboratory at WSU Vancouver using THCA and cotinine
enzyme-linked immunosorbent assay kits, respectively,
according to the manufacturer’s (Salimetrics and Immunalysis) protocols. THCA and cotinine concentrations
were the mean of s4–s6.
Semiquantification of worm burden and reinfection score
Worm burden was estimated by counting helminth eggs
in stool. Stool samples were analyzed by the Institute Pasteur in Bangui, CAR. Three species of geohelminths were
assessed for worm burden score: Trichuris trichiura
(roundworm); Ascaris lumbricoides (giant roundworm);
and hookworm (including both Ancylostoma duodenale
and Necator americanus because their eggs cannot be distinguished). Different techniques for counting eggs have
different advantages and disadvantages, so we estimated
egg counts per-species using three methods: (1) a wet
smear that was microscopically examined for helminth
eggs; (2) the merthiolate iodine formaldehyde (MIF) concentration technique (Blagg et al., 1955); and (3) the Kato
method (Komiya and Kobayashi, 1966). Worm burden
comprised the average number of eggs on each 340 microscope field. There were thus three measurements for each
of the three helminth species (hookworm, whipworm,
Ascaris), for a total of nine measurements per stool sample, which were averaged to produce the sample worm
burden score. The MIF technique is the most sensitive at
detecting eggs, so this count was weighted by a factor of 2.
The average was then adjusted for the volume of stool
examined. A worm reinfection score was computed by subtracting the mean of year 1 baseline worm burden scores
(s1–s3) from the mean of year 2 worm burden (s4–s6).

Age (years)
THCA (ng/ml)
Cotinine (ng/ml)
Worm burden score
Wealth score
Acculturation score

N

Min

Max

Median

Mean

SD

61
62
61
62
56
56

18.0
1.3
0.0
0.0
1.0
0.0

60
4,100
980
14
8
4

35.0
370.0
240.0
2.1
2.0
2.0

36.70
663.00
301.00
3.27
2.27
2.21

10.00
830.00
270.00
3.10
1.40
0.89

visual clarity. Data will be available at https://thedata.
harvard.edu/dvn/dv/wsuv-bioanthro-lab.
RESULTS
Of our 62 participants, 42 resided in camps near a large
village, and 12 and 8 resided near one of two smaller outlying villages; 18 were kombeti (camp leaders); and 12
were nganga (healers). Descriptive statistics for worm
burden, THCA and cotinine concentrations, age, wealth,
and acculturation are presented in Table 1.
THCA versus self- and peer-reported cannabis use

Data analysis

THCA concentrations were bimodally distributed, with
67.7% (n 5 42) of scores above the conventional cutoff of
50 ng/ml THCA (SAMHSA, 2008) and the rest below the
cutoff (Supporting Information Figure S1). In comparison,
60.7% of the sample self-reported as cannabis users. All
self-reported cannabis users had THCA concentrations
above the 50 ng/ml cutoff, whereas 19 of 24 self-reported
non-cannabis users (79.2%) had THCA concentrations
below the 50 ng/ml cutoff (Supporting Information Figure
S2). Self-reported non-cannabis users had a median
THCA concentration of 8.3 ng/ml, and self-reported cannabis users had a median THCA concentration of 832 ng/
ml. Unless stated otherwise, in the remainder of the study
cannabis smoker status is defined by THCA concentration > 50 ng/ml. THCA values below the cutoff represent either second hand exposure to cannabis smoke or
less recent use of cannabis.
Peer-rated frequency of use ranged from 0 to 3. Noncannabis smokers were reliably distinguished from cannabis smokers by the raters: only 1 of the 14 participants
with a peer-rating of 0 had THCA concentrations above 50
ng/ml, whereas only 2 of the 42 participants with a rating
of 1 or greater had THCA concentrations below 50 ng/ml.
Among the peer-rated smokers, there was a marginally
significant trend for THCA levels to increase with higher
peer ratings of use (Z 5 1.29, P 5 0.099).

Statistics were computed with R version 3.1.0 (2014-0410) for Mac. The worm burden score was an average of
egg counts and was overdispersed. Therefore, we modeled
worm burden using negative binomial generalized linear
models (GLMs) and generalized additive models (GAMs)
with a log link. Cannabis smoker status was dichotomous
and was modeling using logistic regression. Among smokers, we modeled log (THCA) with ordinary least squares
(OLS) regression. All models were evaluated using standard diagnostics, such as residual plots used to assess
homogeneity and independence, and to identify possible
outliers. We used the corrected Akaike information criterion (AICc) for model selection (Burnham and Anderson
2004). Sample size for the reinfection study was small,
limiting our ability to use control variables. THC concentrations were log transformed in some of the figures for

Cannabis smokers (THCA > 50 ng/ml) were younger
than nonsmokers (mean age 5 33.6 vs. 43.1, respectively),
and had lower wealth scores (mean wealth 5 1.92 vs. 2.95,
respectively). A logistic regression model of cannabis
smoker status versus the demographic variables (age,
wealth, acculturation, village) found that both age and
wealth were independent, significant negative predictors
(the other demographic variables were not significant predictors alone or in combination with other variables and
were, therefore, omitted). See Figure 1 and Table 2.
Of the social roles, ngangas were not significantly more
or less likely to be cannabis smokers (X2 5 2.14, P 5 0.14).
Kombeti were significantly less likely to be cannabis
smokers than other men but this was due to a confound

American Journal of Human Biology
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Fig. 1. Probability of smoking cannabis as a function of age and wealth (1 5 low, 3 5 high). Bars are 95% confidence intervals. See Table 2
for model coefficients and indices of fit. Wealth 5 3 was chosen as “high” wealth because although wealth scores ranged from 1 to 8, 78.6% of
men had scores less than 3. To display overlapping points, a small amount of jitter was added to age. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

with age. “Kombeti” literally means “older brother,” and
they are typically the oldest male in camp. After controlling for age in a logistic regression model, kombeti status
was no longer a significant predictor of smoker status
(test not reported).
We then investigated, among cannabis smokers, whether
our demographic variables predicted log THCA levels
(using OLS). According to AICc scores, no model with any
combination of demographic variables outperformed an
intercept-only model (results not reported). In addition,
using permutation tests, neither ngnanga (Z 5 21.21,
P 5 0.23) or kombeti status (Z 5 1, P 5 0.32) was associated
with THCA levels among cannabis smokers. Finally, among
cannabis smokers, cotinine levels were positively rank correlated with THCA levels (rs=0.36, P 5 0.02).
Worm burden versus demographic and social role variables
Of the 62 participants, 3 (4.8%) had no evidence of helminth infection, 20 (32.3%) were infected with at least one
species of helminth, 22 (35.5%) were infected with two
species of helminths, and 17 (27.4%) were infected will all
three species of helminths. By species, 56 (90.3%) participants were infected with hookworm (including both Ancylostoma duodenale and Necator americanus), 31 (50%)
were infected with T. trichiura, and 28 (45.2%) were
infected with A. lumbricoides.
Most participants had low worm burden scores, but a
few had high scores (Supporting Information Figure S3).
We investigated worm burden scores versus our demographic and social role variables using permutation tests,
correlation tests, and negative binomial GLMs and GAMs

with a log link. There were no convincing associations
between worm burden and any of these variables either
alone or in combination. Although there was a negative
rank correlation between worm burden and age, as seen
in other populations, it was only marginally significant
(rs 5 20.23, P 5 0.076). In addition, there was a significant, u-shaped relationship between acculturation and
worm burden in a GAM, but inspection revealed it was
due to high worm burden in two individuals with the minimum acculturation score (0), and three individuals with
the maximum acculturation score (4). For the large majority of participants with intermediate acculturation scores
(1–3), the relationship was essentially flat.
Worm burden versus THCA
To test if THCA was a negative predictor of worm burden after controlling for potentially confounding variables, we first computed the same GAM as we did for the
tobacco versus helminths study in Roulette et al. (2014),
except that here we included THCA concentration. This
model thus fit worm burden in all participants as a function of village, wealth, acculturation, age, cotinine, and
THCA. We found significant negative effects but they
were not curvilinear, negating the need to use a GAM.
We, therefore, fit several GLMs with the negative binomial family and log link, and used AICc for model selection. Model 1 (Table 3) best approximates the GAM model
used in Roulette et al. (2014), but model 2 (Table 3, Figure
2), which does not include cotinine, wealth, or acculturation, had the lowest AICc score. Because some data were
missing for some variables, we used multiple imputations
American Journal of Human Biology
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Fig. 2. Effect plot of worm burden versus THCA, village, and age (model 2, Table 3). [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

TABLE 2. Logistic regression model of cannabis smoker status
(THCA > 50 ng/ml) versus age (year) and material wealth score
Dependent variable
Smoker
Age
Wealth
Constant
Observations
Log likelihood
Akaike Inf. Crit.

20.134***
(0.040)
20.89**
(0.315)
8.000***
(2.109)
56
224.630
55.270

n 5 56. Likelihood ratio test of model significance: X2 5 22, df 5 2, P 5 1.3 3
1025. Null deviance: 71.7 on 55 df. Residual deviance: 49.3 on 53 df. Comparing
predicted versus observed smoker status, and using cutoff 5 0.50, the sensitivity
(true positives) was 92% and the specificity (true negatives) was 63%. The area
under the receiver operating curve (AUC), corrected for bias using 1,000 bootstrap replications (Harrell, 2001), was AUC 5 0.85.
**P < 0.01; ***P < 0.001.

to test whether imputing missing data would make a difference in the coefficients and standard errors, but it did
not (results not shown). Among cannabis smokers, peerreported frequency of use was negatively rank correlated
with worm burden, though only marginally significantly
(rs 5 20.28, P 5 0.052).
American Journal of Human Biology

To investigate why cotinine was not a significant negative predictor of worm burden in year 2 data, contrary to
results from year 1 data (Roulette et al. 2014), we examined the relationship separately in each subpopulation.
Whereas THCA was negatively associated with worm burden in all subpopulations, cotinine was negatively associated in the largest subpopulation and in one smaller
subpopulation, but positively in the other small population. Also, our sample size here was about one-third of
that in Roulette et al. (2014).
Reinfection study
The reinfection study involved a subsample of the crosssectional sample that included all participants with year
1 baseline worm burden scores (s1–s3, n 5 23). Summary
statistics for the reinfection sample did not differ from the
total sample, except for mean cotinine, which decreased
slightly (301 ng/ml vs. 241 ng/ml). Most men had been
reinfected with helminths: 60.9% had positive delta worm
burden scores (year 2 burden minus year 1 burden) and
39.1% had negative scores.
Delta worm burden was significantly negatively rank
correlated with THCA concentrations (rs 5 20.43,
P 5 0.02) (Figure 3). Our ability to control for potential
confounds was limited due to the small sample size. Keeping in mind that use of multiple regression with such a
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TABLE 3. Negative binomial GLM models of worm burden score with

log link, n 5 56. (1) Model that best approximates model in Roulette
et al. (2014). (2) Lowest AICc value of a priori models
Dependent variable
Worm burden score

Village
Wealth
Acculturation
Age
THCA
Cotinine
Constant
Observations
Log likelihood
Theta
AIC

(1)

(2)

20.69**
(0.24)
0.15
(0.08)
20.22
(0.14)
20.03*
(0.01)
20.0003*
(0.0002)
0.0002
(0.0005)
3.04***
(0.67)
56
2121.50
3.02* (1.18)
257.10

20.55*
(0.24)

20.02*
(0.01)
20.0004*
(0.0002)
2.66***
(0.52)
56
2124.20
2.44** (0.86)
256.40

*P < 0.05; **P < 0.01; ***P < 0.001.

small sample is questionable, we centered and scaled all
variables so that no intercept would be estimated, saving
one degree of freedom. We then fit two multiple regression
models of reinfection. The first aimed to test if THCA and
cotinine had independent effects on reinfection (Table 4,
model 1). The second aimed to test if THCA had an effect
on reinfection controlling for age, another potential confound (Table 4, model 2). THCA was a significant negative
predictor in both models as were cotinine and age. The
AICc of model 2 was lower (55.8) than that of model 1
(60.8).
DISCUSSION
This, to our knowledge, is the first biomarker-validated
study of cannabis use in a hunting-gathering population,
and also the first to explore the relationship between the
use of cannabis, which is toxic to helminths, and intestinal helminth infection. We first discuss the patterns and
sociodemographic characteristics of Aka cannabis use. We
then discuss the results of the cross-sectional and longitudinal worm burden studies.
Cannabis use among Aka: High rate in men and low rate in
women
According to prospective population-based cohorts and/
or retrospective studies, an estimated 3.9% of the global
population aged 15-64 used cannabis in 2011 (i.e., used at
least once in the last year), with the highest rate in West
and Central Africa (12.4%) (UN, 2013). In Africa as a
whole, 7.5% of the population aged 15–64 years used cannabis in 2011. The highest lifetime prevalence is 42.4% in
the United States (Degenhardt et al., 2008).
Based on our demographic survey of self- and peerreported cannabis use in the entire population, 38.6% of
all adolescent and adult Aka were current cannabis smokers, and most of these were males: the adolescent and
adult male prevalence was 70.9%. Using THCA biomarker
data, and a cut-off of 50 ng/ml, 67.7% of men in our study
were classified as cannabis smokers. The THCA levels of
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the cannabis smokers were comparable to, though somewhat higher than, the THCA levels of chronic cannabis
smokers in the West (cf. Lowe et al., 2009). The prevalence
of cannabis use among Aka men is indeed exceptionally
high.
Previously, we found that the prevalence of tobacco use
among Aka men is also high: 95% of adult Aka men
smoked tobacco (validated with a cotinine assay; Roulette
et al., 2014), whereas the highest nation-level male
tobacco smoking prevalence rates are, e.g., Timor-Leste
(61.1%) and Indonesia (57%), Russia (51%), and China
(45.1%) (Ng et al., 2014). Thus, cannabis and tobacco
smoking rates among Aka men exceed the highest nationlevel prevalence rates.
Aka adolescent and adult women’s cannabis smoking
prevalence was 6.1%. The low rate relative to men is similar to that seen in other developing countries, although
Aka women’s use might still be high compared to other
African women (Degenhardt et al., 2008). The prevalence
tobacco smoking among Aka women was 5% (Roulette
et al., 2014), compared to a median national female prevalence of tobacco smoking in sub-Saharan Africa of 1.95%
and 6.2% globally (Ng et al., 2014). Regarding tobacco,
Aka women explain that, although they can smoke if they
want, they avoid it because it harms the fetus. Interestingly, this seemed to be an indigenous cultural model
rather than a Western medical model, because the fetal
problems included “making the baby black” and “making
the fetus cough.” For tobacco and cannabis, they also said
that smoking is for men, and that they simply did not like
it because it makes them sick (Roulette et al., under
review). Tobacco is a teratogen, and cannabis is associated
with low birth weight and mild developmental abnormalities (Hall and Degenhardt, 2009). Hagen et al. (2013)
argue that the large sex differences in substance use, particularly in the developing world, might be a consequence,
in part, of women’s avoidance of toxic and teratogenic substances during the childbearing years.
There is a notable association between tobacco use and
cannabis use (Agrawal & Lynskey, 2009). In the US population aged 12 and older, for example, 90% of cannabis
users reported being a cigarette smoker at some point
during their life (compared to 57.9% of cigarette smokers
who reported ever using cannabis) (Agrawal et al., 2012).
Among the Aka, there was a positive correlation between
cotinine and THCA. However, based on self-reports, very
few participants actually preferred to mix tobacco and
cannabis together. This contrasts with earlier reports that
the Mbuti and Aka often mixed cannabis with tobacco
before smoking it (Hewlett, 1977).
The high prevalence of Aka men’s use of cannabis and
tobacco is remarkable considering their high cost in this
population. Aka men earn about US$ 0.50 per day. A cannabis or tobacco cigarette costs about US$0.10, and Aka
men report smoking one-to-three cigarettes per day. In
many cases, they obtain cigarettes in trade for labor or
forest products, or via sharing with other Aka. Nevertheless, about half of Aka “wages” are used to obtain cannabis
or tobacco (Roulette et al., under review). This could
explain the negative association we found between cannabis smoking and wealth (Table 2 and Figure 1). It also
accords with a study of Efe foragers in the eastern Congo
that found a negative relationship between smoker status
and material wealth (Bailey, 1991). Studies in Western
populations have also found an inverse relationship
American Journal of Human Biology
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TABLE 4. OLS models of helminth reinfection score. (1) Reinfection
versus THCA and cotinine (AICc=60.8); (2) reinfection versus THCA
and age (AICc 5 55.8)
Dependent variable
Scale (delta worm)

Scale (THC)
Scale (cotinine)

(1)

(2)

20.400*
(0.178)
20.359†
(0.175)

20.725***
(0.170)

Scale (age)
Observations
R2
Adjusted R2
Residual SE (df 5 21)
F Statistic (df 5 2; 21)
Fig. 3. Helminthes reinfection score versus THCA concentration.
Line fit by linear regression. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

between socioeconomic status (SES) and cannabis use,
although the direction of causality might be that low SES
is a cause of use (Daniel et al., 2009).
Aka men who smoked cannabis were significantly
younger than those who did not, which is in agreement
with national and cross-national studies that have found
that cannabis use rates peak in young adulthood and then
decline as people age, enter the workforce, get married,
and/or have children (Bachman et al., 1997; Degenhardt
and Hall, 2012). Alternatively, it is possible the high male
prevalence of cannabis use is a relatively recent phenomenon: over 30 years ago, Hewlett (1977) noted that most
Aka men “rarely” smoke cannabis. Thus, the relative
youth of Aka cannabis users might be a cohort effect.
The cause of high, almost universal, smoking among
Aka men is unclear. Speculatively, it might be due to a
lack of effective social restrictions on smoking cannabis
and tobacco, combined with several population-specific
benefits. According to most foragers of the Congo Basin,
smoking increases strength, vital force, courage, and
warmth (Hewlett, 1977). It is also possible that villagers,
who control access to these substances, encourage Aka
dependency on cannabis and tobacco to obtain and secure
labor (see e.g., Jankowiak and Bradburd, 1996, 2003).
Aka women also expressed a preference for husbands who
smoke, which could encourage male smoking (Roulette
et al., under review). Finally, if smoking does help control
helminthiasis, the high rate of helminth infections among
the Aka, combined with their lack of access to commercial
anthelmintics, could unconsciously encourage high consumption of more readily available anthelmintics.
Cannabis versus helminths
Most men (95.2%) were infected with helminths, the
majority (62.9%) with two or more species, similar to findings of earlier studies (Froment, 2014; Lilly et al., 2002;
Roulette et al., 2014).
Worm burden was significantly negatively correlated
with THCA, which is consistent with the chemotherapeutic hypothesis of drug use (e.g., Roulette et al., 2014).
With THCA in the model, cotinine was no longer a significant predictor of worm burden, contrary to our earlier
study of tobacco vs. helminths (Roulette et al., 2014).
However, our sample size here was only about one-third
American Journal of Human Biology
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23
0.372
0.312
0.811
6.210**

20.488**
(0.152)
23
0.494
0.446
0.728
10.250***

P= 0.053; * P < 0.05; ** P < 0.01; *** P < 0.001.

that of the previous study. Inspection of the relationship
between cotinine and worm burden by subregion in the
current study showed the predicted negative relationship
in the largest and smallest subregions (albeit with wide
confidence intervals for the small subregion).
We found support for the chemoprophylaxis hypothesis:
of those who were treated with a commercial anthelmintic
in year 1, THC concentrations in year 2 were significantly
negatively associated with reinfection levels. Furthermore, whereas Roulette et al. (2014), using the same sample, found that cotinine concentrations were significantly
negatively correlated with worm reinfection, here we
found that THC and cotinine were both independently
and significantly negatively correlated with reinfection.
However, a model that controlled for age instead of cotinine had a lower AICc. The sample size of the reinfection
study was small (n 5 23), so the multiple regression
results must be treated with caution.
The Aka do not associate smoking cannabis or tobacco
with antiparasitic properties. Cannabis and tobacco are
also not used medicinally as anthelmintics. This contrasts
with the indigenous plant, motunga, which is smoked recreationally, and also consumed in a tea to treat parasitic
infections (Roulette et al., 2014). Whereas there are
numerous medicinal uses of motunga, there are relatively
few uses of cannabis and tobacco, perhaps because, compared to motunga, cannabis and tobacco use by the Aka is
relatively recent. However, cannabis is consumed in a tea
to treat yellow fever and tobacco is placed on the skin to
treat an unidentified skin infection.
Candidate self-medication mechanisms
Although the conventional view is that drug abuse
impairs immunity, thus increasing susceptibility to infection (Friedman et al., 2003), if recreational drug use is
explained (at least in part) by the drugs’ antiparasitic
properties, this would suggest that the immune system
plays a key role in regulating drug use. Indeed, there is
increasing evidence that central immune signals like tolllike receptor 4 and interleuken 15 mediate use of tobacco,
opiates, and alcohol (Blednov et al., 2011, 2012; Hutchinson et al., 2012; Liu et al., 2009). Complex effects of THC
on cellular and humoral immunity have also been
observed in animal and cell experiments (Cabral, 2002;
Melamede, 2002; Sofia et al., 1973).
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Future research on the relationship between cannabis
and tobacco use and worm burden should determine
whether the transition to smoking in adolescence is mediated by worm burden, and whether cannabis users treated
for worms with commercial anthelmintics decrease cannabis use relative to placebo controls, as was found for Aka
tobacco use (Roulette et al., 2014).
Limitations
Our observational research design could not establish
causation. Moreover, although we were able to control for
some confounds, it is possible that unmeasured variables,
or perhaps sampling variation (type I error), were responsible for the effects we found. This is a particular concern
for the reinfection study, which had a small sample size
that limited the use of controls. One of our important controls, age, could not be measured accurately because Aka
do not know their ages.
For the cross-sectional study of THCA versus worm burden, although most of our participants had been treated
with albendazole 1 year before, a few had not. We added a
dummy variable indicating treatment status to our model,
and the coefficients, standard errors, and P-values of our
predictor variables were essentially the same (results not
reported). In addition, studies have found a nonlinear
relationship between fecal egg counts and number of
worms in the host (perhaps due to density dependence,
i.e., increased competition among worms for host resources results in fewer eggs per worm; Medley and Anderson
1985; Sithithaworn et al., 1991), which means our worm
burden score, based on egg counts, only approximates
actual worm burden.
THC and other cannabinoids in cannabis are lipophilic and bind readily to body fat. Consequently, and
unlike nicotine (which is rapidly eliminated from the
body), these compounds accumulate in body fat and
other tissues, slowly rediffusing to plasma. Hence, they
continue to be present in urine for an extended
period—days to weeks—after the last consumption of
cannabis. This might account for the seemingly stronger negative impact of cannabis on worm burden relative to tobacco.
In addition, urinary levels of THCA do not decrease
monotonically in time after last exposure (Grotenhermen,
2003). This means that THCA levels have a variable relationship to recent cannabis smoking behavior. Other sources of uncontrolled variation include common
polymorphisms in metabolic enzymes that alter rates of
elimination.
Although cannabis has been shown to be toxic to plant
and human parasitic helminths in vitro, the responsible
compounds have not yet been identified (Mukhtar et al.,
2013; Roy and Tandon, 1997). Further, it is not known if
cannabis is toxic to any of the three helminth species
measured here or if the levels of THC and other cannabis
toxins consumed by smoking cannabis would be effective
against any human parasite in vivo.
Finally, we did not validate the low female cannabis
smoking prevalence with urinary THCA. We note, however, that there was a close correspondence between
men’s self-reported cannabis use and their THCA levels,
and Roulette et al. (2014) found that, if anything, Aka
women’s self-reports overstated their tobacco use relative
to that inferred from their cotinine levels.

CONCLUDING REMARKS
Sixty-seven percent of Aka men were recent cannabis
users, a very high rate relative to other populations, especially considering the high cost of cannabis in this population. Similar to other populations, Aka male cannabis
users were younger than non-cannabis users and tended
to smoke more tobacco. Like an earlier study, we found a
negative relationship between cannabis use and material
wealth, but no relationship to acculturation or regional
subpopulation. The low female prevalence of cannabis use
corresponds to the low rates seen in other developing
countries.
Most Aka men were infected with one or more species of
helminths. We found a negative relationship between
men’s THCA levels and worm burden, and between THCA
levels and reinfection with helminths 1 year after treatment with the commercial anthelmintic albendazole. It is
worth considering that the exceptionally high prevalence
of cannabis and tobacco use among Aka men is linked to
their exceptionally high rate of helminthiasis and relative
lack of access to commercial anthelmintics (Roulette
et al., 2014). More generally, these results provide further
evidence of a link between parasite infection and drug
use, two of the world’s great health problems, and highlight the need for more research on the high rate of male
substance use in this population.
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