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Abstract The endocannabinoid system is critically in-
volved in the regulation of energy balance and represents a
potential pharmacotherapeutic target for obesity and type 2
diabetes. New knowledge on the role of this system in
humans has been obtained by measuring circulating endo-
cannabinoids in plasma and serum, as well as in cerebrospi-
nal fluid and saliva. Studies over the past few years have in
particular provided information on the existing relationship
between these biological measurements and the obese phe-
notype, feeding behavior or responses to body weight loss.

Although the functional significance of circulating endocan-
nabinoids has yet to be proven, recent evidence suggests
that they might be more than the simple by-product of
tissular endocannabinoids spillover. This review outlines
recent advances made in determining the potential relevance
of circulating endocannabinoids as markers of obesity and
metabolic disease.
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Introduction

Obesity and its associated metabolic disorders, such as
hyperlipidemia and type 2 diabetes, have become a major
public health threat worldwide [1–4].

In the hope of identifying appropriate molecular targets
for efficient anti-obesity treatments, scientific research
efforts have lately intensely focused on the unraveling of
the biological mechanisms regulating food intake and body
weight. In this context, the endocannabinoid system (ECS)
has been recently recognized to have a major role in energy
balance regulation, by affecting both central nervous system
(CNS) and peripheral mechanisms involved in such physi-
ological function, and its dysregulation is a landmark feature
of obesity [5, 6].

The ECS comprises two distinct membrane receptors, the
cannabinoid receptor type 1 (CB1) and type 2 (CB2), specific
ligands named endocannabinoids and enzymes responsible of
ligand biosynthesis and degradation [7, 8]. Extensive evidence
in the literature suggests that endocannabinoid-dependent
CB1 receptor activation is a powerful orexigenic signal and
that, conversely, inhibition of CB1 receptor signaling is ben-
eficial for the treatment of obesity and related metabolic
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diseases [5, 6]. Mice lacking CB1 (CB1-KO) are lean and
resistant to diet-induced obesity [9, 10]. Accordingly, synthet-
ic compounds like the CB1 inverse agonist rimonabant have
shown potential as anti-obesity treatment in both animal mod-
els and obese patients [5, 6]. However, due to the important
psychiatric side effects, the initial enthusiasm for the clinical
use of rimonabant (commercial name Acomplia) faded away
and the drug was subsequently withdrawn from the European
market in January 2009 (http://www.ema.europa.eu/ema/).
This clearly suggests that further knowledge about the broad
mode of action of the ECS is required in order to better
understand the functions of this system in human physio-
pathology and therefore allow targeting the system in a more
selective and specific way.

In humans, particularly taking into account the diffi-
culty to access biopsies and other tissue samples, the
study of the ECS has recently focused on the assess-
ment of circulating endocannabinoids and on their rela-
tionship with the obese phenotype.

Endocannabinoids are polyunsaturated fatty acids deriv-
atives. So far, at least five endocannabinoids have been
identified, of which the N-ethanolamide of arachidonic acid,
also known as anandamide (AEA), and the glyceryl ester of
arachidonic acid or 2-arachidonoylglycerol (2-AG) are the
best characterized [11, 12].

In the CNS, endocannabinoids act as retrograde signals at
the CB1 receptor to decrease neurotransmitter release at nerve
terminals [13]. However, while their function as chemical
neuromediators is very well defined, less is known about the
biological significance, if any, of circulating endocannabi-
noids. Elevated circulating (in plasma or serum) AEA and 2-
AG levels have been described in obese humans and, depend-
ing on the study, positively correlated with different measures
of adiposity, including waist circumference, body fat percent-
age and body mass index (BMI) (Table 1). However, whether
such measurements simply represent a passive spillover from
tissues in which the ECS is overactive [14] or bring also
functional information is currently a matter of debate. Here,
we provide a critical overview on the recent advancements
made in understanding the function of circulating endocanna-
binoids in human obesity.

Endocannabinoids Quantification

One first aspect that needs to be considered when assessing
endocannabinoids levels is that the quantification of these
derivatives of arachidonic acid is not trivial. In addition,
given the low concentration of endocannabinoids, particu-
larly in the blood, growing efforts have been made in order
to establish accurate sample preparation and quantification
[15, 16•]. Nevertheless, endocannabinoids quantification
still remains an analytical challenge, and differences in their
levels among different studies often mirror differences in the

sampling, extraction and quantification method used. Even
though the type of chromatography coupled to mass spec-
trometry seems to not significantly affect the measurements,
since it has been shown that plasma AEA levels measured
by liquid chromatography coupled to tandem mass spec-
trometry (LC-MS/MS) correlated closely with those mea-
sured by gas chromatography coupled to tandem mass
spectrometry (GC-MS/MS) [15, 16•]. However, sampling
and sample treatment are crucial steps for correct endocan-
nabinoids analysis, in particular considering that the half-life
of endocannabinoids in vivo is of the order of few minutes
[15, 16•]. Consequently, biological samples, such as blood,
should be immediately put on ice at time of collection,
rapidly centrifuged and plasma (or serum) quickly frozen
and stored at -80 °C until analysis [16•, 17•]. During the
sample extraction, it is also crucial to pay attention to
endocannabinoid absorption on the plastic ware, to the
extraction solvent used and to the evaporation step under
nitrogen. Even if similar extraction yield is obtained using
the classical chloroform:methanol technique and toluene,
the toluene solvent reduces the 2-AG isomerization and
consequently may affect 1-AG levels, which likely derive
from 2-AG isomerization [18]. Finally, using the same tech-
nique and methodological steps also endocannabinoid-
related N-acylethanolamines such as oleoylethanolamide
(OEA) and palmitoylethanolamide (PEA) can be quantified.

Effect of Gender and Age on Endocannabinoid Levels

Apart from the method followed for the quantification of
endocannabinoids, other variables that can affect endocan-
nabinoids measurement and that have only recently started
to be taken into account include factors that are known to
critically influence biological systems, such as the age of the
subjects and their gender.

A first study by Bluher and colleagues in 2006 reported
that plasma AEA levels were higher in women as compared
to men, but not different between lean and obese cohorts
[19]. Instead, no sex differences were found for plasma 2-
AG concentrations, although 2-AG correlated with abdom-
inal visceral fat area, body mass index (BMI) and fasting
insulin [19]. Interestingly, in this study a correlation be-
tween plasma 2-AG concentrations and age was observed
only in women [19].

Differently, Fanelli and collaborators were unable to ob-
serve gender differences in plasma AEA levels in a large
cohort of healthy, normal weight subjects [16•]. Instead,
they described significantly higher plasma 2-AG levels in
men rather than women and consequently estimated gender-
specific reference intervals for endocannabinoids and their
associated N-acylethanolamines OEA and PEA [16•]. AEA
and OEA showed a tendency to increase with age in women,
but only PEA reached statistical significance; whereas 2-AG
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Table 1 Circulating endocannabinoids and relatedN-acylethanolamines in humans and their association with anthropometric and metabolic parameters

Subjects Results Correlations Ref

20 obese women (W) and 20 lean W ` plasma AEA & 2-AG obese vs.
lean

Positive plasma AEA with BMI [23]
Positive plasma 2-AG with waist circumfer-
ence

15 W healthy control ` plasma AEA anorexic W vs
healthy

Negative plasma AEA with plasma leptin in
healthy W and anorexic W

[22]

11 W with anorexia nervosa ` plasma AEA BED W vs healthy
8 W with bulimia nervosa

11 W with BED

5 men (M) and 3 W normal weight / 4 M and 6 W
obese type 2 diabetic

` plasma AEA & 2-AG type 2 di-
abetic obese vs. normal weight

Not done [24]

10 M and 10 W lean ` plasma AEA obese vs. lean Positive plasma 2-AG / BMI, %fat mass &
visceral adipose tissue

[19]
10 M and 10 W, subcutaneous obesity ` plasma 2-AG with visceral obe-

sity vs.sub cutaneous obesity10 M and 10 W, visceral obesity

62 M No comparison between groups Negative plasma AEA with intra abdominal
adipose tissue

[26]

Positive plasma 2-AG with BMI, waist cir-
cumference, triglycerides, fasting insulin

Negative plasma 2-AG withHDL Cholesterol
and Adiponectin

6 W, 4 M lean insulin sensitive ` plasma AEA insulin resistant vs.
insulin sensitive

If insulin sensitive subjects and insulin
resistant subjects considered together:

[27•]

6 W, 4 M insulin resistant obese Plasma 2-AG not different Positive plasma AEA with BMI, waist
circumference, triglycerides

Positive plasma 2-AG withtriglycerides

7 M non diabetic and 12 M diabetic No differences between non
diabetic and diabetic patients

Positive plasma 2-AG with triglycerides [27•]

49 M before and after 1 year of lifestyle intervention ¹ plasma AEA after intervention Positive ¹ plasma 2-AG with ¹ visceral adi-
pose tissue

[39]
¹ plasma 2-AG after intervention

17 M, 31 W normal weight and 43 M, 53 W obese ` (trend) plasma AEA Obese vs.
Normal weight

Positive plasma AEA with FAAH 385A
mutation

[37•]

20 obese patients(18 M, 2 F) with sleep apnea and 57
overweight healthy controls (28 M, 29 F)

` plasma OEA in sleep apnea group In the sleep apnea group: [30]
Positive plasma OEA with BMI

Positive plasma OEA with respiratory distress
index

21 controls, 26 overweight and 30 obese subjects ` plasma AEA obese vs controls Positive plasma AEA with BMI and HOMA [29]

27 M (12 Caucasians, 11 American Indians, 4 African
Americans)

No differences according races in
plasma levels

Positive plasma AEA with BMI, waist
circumference, fasting insulin

[31•]

` CSF 2-AG in American Indians Negative CSF AEA with BMI, waist
circumference, fasting insulin

Positive CSF OEAwith 24 h and sleep energy
expenditure

76 W and 45 M normal weight subjects ` plasma 2-AG in males compared
to females

Positive plasma AEA, PEA and OEA with
each other

[16•]

` plasma PEA with age in females Positive plasma AEA with BMI, waist
circumference and fasting insulin in females

Positive plasma 2-AG with age in females

2 M and 10 W normal weight and 4 M, 8 W insulin
resistant obese

` plasma AEA and 2-AG in obese
vs normal weight

Positive plasma AEA /BMI, waist
circumference, fasting insulin

[17•]

Positive plasma 2-AG /BMI, waist circumfer-
ence

2 M and 10 W normal weight and 4 M, 8 W insulin
resistant obese

` saliva AEA, 2-AG, OEA and
PEA in obese vs normal weight

Positive saliva AEA and OEA with BMI,
waist circumference, fasting insulin

[32•]

Positive saliva 2-AG with waist circumfer-
ence, fasting insulin

BMI Body mass index, CSF Cerebrospinal fluid, FAAH Fatty acid amide hydrolase, HOMA Homeostatic model assessment
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displayed a positive correlation with age in women [16•].
No correlation was observed between 2-AG, OEA, PEA or
OEA and age in men [16•]. Finally, AEA correlated with
BMI, waist circumference, and fasting insulin in healthy
women only, while 2-AG correlated only with triglycerides,
independently of gender [16•].

The differences between the two abovementioned studies
might be due to the fact that while Bluher and colleagues
investigated small cohorts of obese patients, Fanelli and
collaborators studied a large group of healthy, normal
weight subjects. Although these findings are not conclusive,
they lead to suggest that gender and age might indeed affect
circulating endocannabinoids levels, as it would be expected
taking also into account recent studies investigating the
relationship of the ECS with gonadal hormones [20] and
the role of this system in ageing [21].

Endocannabinoids and Obesity

As briefly mentioned before, several studies over the past
few years have demonstrated that circulating endocannabi-
noids are elevated in obesity, as compared to normal weight,
and positively correlated with different measures of adipos-
ity, including waist circumference, body fat percentage and
BMI (Table 1).

A first study published in 2005 showed that overweight/
obese women with binge eating disorder (BED) had in-
creased plasma concentrations of AEA and normal plasma
levels of 2-AG as compared to lean women [22]. Plasma
AEA levels were significantly and positively correlated to
body fat mass, but not to body weight, BMI or body lean
mass [22]. In another study published that same year, it was
reported that obese post-menopausal women had an increase
of 35 and 52 %, respectively, in plasma levels of AEA and
2-AG as compared to normal weight women [23]. Increased
plasma endocannabinoids and N-acylethanolamines levels
were also described in overweight, type 2 diabetic men and
women [24, 25]. In addition, Bluher et al. and Coté et al.
have shown that 2-AG plasma levels were positively corre-
lated with abdominal obesity, while obese subjects charac-
terized by subcutaneous adipose tissue accumulation had
circulating endocannabinoids levels comparable to those of
normal weight controls [19, 26]. Plasma 2-AG was found to
directly correlate with triglycerides and fasting insulin,
while it inversely correlated with HDL cholesterol and adi-
ponectin [26]. Besides, plasma 2-AG levels were associated
with decreased insulin sensitivity and alterations in glucose
metabolism, as suggested by their negative correlation with
glucose infusion rate during clamp [19] and positive associa-
tion with a significantly greater glycemic response during an
oral glucose load [26]. More recent studies have reported that
also plasma AEA levels correlate with metabolic parameters
[17•, 27•]. In particular, we recently demonstrated that obese,

insulin-resistant subjects had elevated plasma AEA and 2-AG
levels, and that AEA levels were directly correlated with
fasting insulin [17•]. Interestingly, insulin resistance has been
proposed as one of the main events associated with the in-
creased endocannabinoid tone observed in obesity [27•]. In
fact, insulin infusion decreases AEA levels in humans, but it is
unable to do so once insulin resistance has developed [27•].

Apart from insulin resistance, other conditions are often
associated to obesity, including hypertension, cardiovascu-
lar disease and sleep apnea [28]. Recently, Quercioli and
colleagues have described that increased plasma AEA and
2-AG levels are associated with coronary circulatory dys-
function in obese individuals, thus implying that endocan-
nabinoid plasma levels might be a novel endogenous
cardiovascular risk factor in obesity [29]. While, in a differ-
ent study it was shown that subjects characterized by a
greater BMI and sleep apnea also had increased serum
OEA levels [30].

In addition to blood, endocannabinoids and related N-
acylethanolamines are quantifiable in the cerebrospinal fluid
(CSF) and in saliva. In a recent study, Jumpertz and col-
leagues analyzed paired CSF and plasma samples in a group
of obese subjects with diverse racial background, showing
that plasma AEA concentrations were strongly and positive-
ly associated with all available measures of adiposity [31•].
In contrast, CSF AEA and PEA were negatively associated
with measures of adiposity, while CSF OEA levels positive-
ly correlated with different measures of energy expenditure
[31•]. Finally, AEA, OEA and PEA were significantly cor-
related with each other in CSF and plasma, respectively;
however, there were no associations with 2-AG in either of
the two compartments [31•]. These findings therefore imply
that the peripheral (circulating in blood) and central (circu-
lating in CSF) role of endocannabinoids and cognate N-
acylethanolamines may be very different, since peripheral,
but not central, AEA levels were found to be most strongly
associated with obesity [31•].

Finally, and in agreement with the increases described in
plasma, we have recently demonstrated that salivary endo-
cannabinoids and related N-acylethanolamines are increased
in obese subjects as compared to normal weight controls and
that their levels directly correlate with markers of adiposity
and metabolic alteration [32•].

Thus, while it is evident that overweight and obesity,
particularly the one associated to metabolic alterations such
as insulin resistance and type 2 diabetes, are generally
characterized by increased levels of endocannabinoids,
more difficult is to understand whether such alteration and
the underlying dysregulated activity of the ECS are the
cause or the consequence of the body weight gain.

In this context, it is important to highlight that genetic
studies have investigated the polymorphisms of CNR1 (cod-
ing for CB1 receptor) and FAAH (fatty acid amide hydrolase,
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one of the principal enzymes degrading endocannabinoids) in
obese populations. In general, associations between polymor-
phisms in these genes and abdominal obesity [33], metabolic
syndrome [34] or dyslipidemia [35] have been found in spite
of some discrepancies. However, it must be kept in mind that
such associations suggest only a partial and rather weak
contribution to the obese phenotype and that they may influ-
ence obesity, and eventually response to treatment, only under
specific diet conditions [36]. Interestingly, in 2010, Sipe and
co-workers demonstrated that the FAAH 385A polymorphism
(a mutation leading to a decreased activity of the FAAH
enzyme) was directly associated with elevated plasma levels
of AEA and related N-acylethanolamines OEA and PEA in
obese subjects. This evidence therefore supports the activation
of the ECS due to the reported FAAH 385A polymorphism.
Elevated levels of AEA and related N-acylethanolamines
in carriers of the FAAH 385A polymorphism might
therefore identify a phenotype at higher risk for the
development of obesity [37•].

Circulating Endocannabinoids and Weight Loss

Only three studies have so far investigated the effect of
weight loss on plasma endocannabinoid levels [23, 38,
39]. The first study was carried out on obese women in
whom a 5 % weight loss was obtained after 13-15 weeks
of dietary weight reduction protocol and whose weight was
then maintained stable for a subsequent period of 3 months
[23]. Under these conditions, plasma endocannabinoids,
which were measured during the body weight loss mainte-
nance period, were unchanged [23]. Similarly, acute
(5 days) or chronic (3 months) treatment of obese patients
with sibutramine (serotonin-norepinephrine reuptake inhib-
itor) did not alter plasma endocannabinoid levels [38]. Con-
versely, a 1 year lifestyle intervention program including
healthy eating and physical activity and leading to 7 %
weight loss and abdominal fat loss (−8.0 cm of waist cir-
cumference) in obese men was associated to a significant
decrease of both plasma 2-AG (−62.3 %) and AEA (−7.1 %)
levels [39]. The decrease in plasma 2-AG levels in particular
correlated with decreases in visceral adipose tissue and
triacylglycerol levels, and with the increase in HDL-
cholesterol levels [39]. In addition, multivariate analyses
demonstrated that decreases in 2-AG and visceral adipose
tissue were independently associated with decreases in tri-
acylglycerol levels [39].

Likely, the inconsistency across the different studies pub-
lished so far on the relationship between body weight loss
and plasma endocannabinoids depends on several factors,
including the rate of body weight loss, the point in time
when the endocannabinoids measurement was carried out
with respect to when the body weight loss goal was
reached and possibly the type of diet followed by the

patients to induce and maintain body weight loss, since
the composition of the diet can affect the endocannabi-
noids precursors’ pool [40].

Finally, it should be mentioned that body weight loss
might not only affect blood, but also salivary endocannabi-
noid levels. Indeed, a 5 % body weight loss induced by a
lifestyle intervention program led to a specific decrease of
salivary AEA, with no changes in 2-AG and other N-acyle-
thanolamines [32•]. Thus, the assessment of salivary endo-
cannabinoids and related compounds might be useful for
phenotypic and eventually therapeutic purposes, in particu-
lar considering that salivary samples require a non-invasive
procedure and are easy to collect.

Endocannabinoids and Food Intake

In animals, variations of endocannabinoids levels in tissues
are in agreement with the general orexigenic role of the
ECS. In particular, endocannabinoid levels increase in the
hypothalamus, limbic system and small intestine of rodents
with fasting, while decrease during refeeding [41, 42].

In humans, it has been shown that both in fasting and
non-fasting states circulating AEA and other N-acylethanol-
amines levels were correlated with free fatty acid levels,
suggesting that similar physiological stimuli might cause
the release of both plasma N-acylethanolamines and free
fatty acids in blood [43]. Matias and collaborators were
the first to actually show that plasma levels of AEA and
related N-acylethanolamines were decreased in healthy vol-
unteers one hour after the consumption of a high-fat meal
[24, 25], implying that circulating levels of these com-
pounds might change in relation to food intake. A more
recent study carried out by our group has actually shown
that both normal-weight and obese subjects have a signifi-
cant preprandial AEA peak, entailing that AEA might be a
physiological meal initiator [17•]. We also reported that 1 h
after the consumption of a calorically-balanced meal, AEA
levels significantly decreased in normal-weight, whereas no
significant changes were observed in obese subjects [17•].
Similarly, levels of the satiety hormone peptide YY (PYY)
significantly increased in normal-weight subjects only. Post-
prandial AEA and PYY changes inversely correlated with
waist circumference, and independently explained 20.7 and
21.3 % of waist variance in the recruited subjects [17•].
Surprisingly, no meal-related changes were found for 2-
AG, suggesting that AEA and 2-AG might have distinct
roles in response to food intake.

Interestingly, Monteleone and colleagues recently
showed that higher levels of plasma 2-AG and ghrelin, an
orexigenic gastric hormone, are observed before the ad
libitum consumption of highly palatable food, but not at
time of consumption of an isocaloric amount of non-
palatable food, thus leading to conclude that when

Curr Obes Rep (2012) 1:229–235 233



motivation to eat is generated by the availability of highly
palatable food rather than hunger, a peripheral activation of
these two signals occurs [44•].

The question however remains of where the observed
plasma changes in AEA and 2-AG originate from. A first
candidate would be the gastrointestinal tract, since not only
this organ is directly exposed to the nutrients introduced
through the diet, but it is also characterized by tissular
endocannabinoid levels that are respectively increased and
decreased by fasting and refeeding [41]. Differently from
what is described for plasma endocannabinoids, salivary
endocannabinoids did not change in relation to the con-
sumption of a meal, implying that plasma and saliva endo-
cannabinoids originate from separate compartments, as also
suggested by the fact that the ECS, with its ligands, recep-
tors and enzymes, localizes within the human salivary
glands [32•]. A possibility is that salivary endocannabinoids
might specifically affect food taste rather than respond to
food intake, since the administration of AEA or 2-AG in
mice increases gustatory nerve responses to sweet taste and
CB1 receptors have been localized on taste bud cells
expressing sweet taste receptors [45].

Conclusions

Although the origin of the endocannabinoids and related N-
acylethanolamines circulating in the blood is still debated, a
series of studies over the past 7 years has highlighted the
strong positive association between their levels and obesity.
Recent investigations have also shown that endocannabi-
noids can be quantified in other biological compartments
and that their measurement in the CSF and saliva might
represent a useful tool for the study of the physio-
pathological role of the ECS in obesity. In addition, novel
findings link food intake and food palatability to changes in
plasma AEA and 2-AG levels, suggesting that these meas-
urements might mirror rapid changes in ECS activity. Al-
though exact location of these changes is currently
unknown, one of the main targeted organs might be the
gastrointestinal tract for the reasons illustrated above.

Overall, the evidence reviewed here although relevant,
should be interpreted with caution since often the aforemen-
tioned studies were carried out in small cohorts, were lack-
ing age- and gender-matched groups and were characterized
by different extraction and quantification methods, leading
to great variability in the levels of measured endocannabi-
noids and associated N-acylethanolamines in the different
studies. We agree with Quarta and colleagues [6] about
the need of reference intervals and of the standardiza-
tion of the quantification procedures for the further use
of endocannabinoid measurements for phenotypic and
therapeutic purposes.
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