
Abstract. – Background: Bariatric surgery
is the most effective long-term treatment for mor-
bid obesity, reducing obesity-associated co-mor-
bidities. We decide to investigate the role of the
polymorphism (G1359A) of the cannabinoid (CB)1
receptor gene on clinical outcomes 1 year after bil-
iopancreatic diversion in morbidly obese patients.

Design: A sample of 66 morbidly obese pa-
tients (BMI >40 kg/m2) were operated.  Weight,
fat mass, blood pressure, basal glucose, triacyl-
glycerols, total cholesterol, low-density lipopro-
tein cholesterol, high-density lipoprotein choles-
terol were measured at basal visit and at each
visit. The frequency of metabolic comorbidities
was recorded at each visit.

Results: Thirty-nine patients (59.1%) had
genotype G1359G (wild type group) and 27
(40.9%) patients had genotype G1359A (mutant
type group). In wild and mutant type groups,
body mass index, weight, waist circumference,
systolic blood pressure, glucose, total choles-
terol, low-density lipoprotein cholesterol and tri-
acylglycerols concentrations decreased, without
statistical between genotype groups. Initial
weight percent loss at 1 year of follow up was
similar in both genotypes (33.1% vs 33.6%; ns).

Conclusion: The present study demonstrates
that polymorphism G1359A in the CB1 receptor
did not have a significant effect on biochemical
and anthropometric improvements after bil-
iopancreatic diversion surgery.
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Introduction

Obesity and type 2 diabetes mellitus are
spreading rapidly worldwide. Weight reduction is
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known to be an effective treatment for over-
weight-obese patients with risk factors of meta-
bolic syndrome1. Bariatric surgery is the most ef-
fective long-term treatment for morbid obesity,
reducing obesity-associated co morbidities2. 

Biliopancreatic diversion (BPD) of Scopinaro
et al3 is a mixed operation that has shown good
results regarding weight loss. Nevertheless, long-
term follow up is known to be heterogeneous in
some surgery studies. Perhaps the genetic back-
ground of these patients could influence in fol-
low up and outcomes.

Herbal Cannabis sativa (marijuana) has been
known to have many psychoactive effects in hu-
mans including increases in body weight4. The
endogenous cannabinoid system mediates and
it’s positioned both functionally and anatomical-
ly5 to be an important modulator of normal hu-
man brain behavior. This system consists of en-
dogenous ligands 2-arachidonoylglycerol (2-AG)
and anandamide (ADA) and two types of G-pro-
tein-coupled cannabinoid receptors: cannabinoid
type-1 receptor (CB1), located in several brain
areas and in a variety of peripheral tissues in-
cluding adipose tissue, and cannabinoid type-2
receptor (CB2), present in the immune system6.
A silent intragenic biallelic polymorphism (1359
G/A) of the CB1 gene resulting in the substitu-
tion of the G to A at nucleotide position 1359
(Thr), was reported as a common polymorphism
in the German population7, reaching frequencies
of 24-32% for the allele (A). 

Considering the evidence that endogenous
cannabinoid system plays a role in metabolic as-
pects of body weight and feeding behavior8, we
decide to investigate the role of missense poly-
morphism (G1359A) of CB1 receptor gene on
outcomes 1 year after biliopancreatic diversion in
morbidly obese patients.
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Subjects and Methods

Subjects
A sample of 66 morbidly obese patients (BMI

>40) was operated on from December 2004 to
December 2008 (Table I). We analyzed a consec-
utive series of patients who underwent open BPD
by the Scopinaro et al technique3. 

The BPD consisted of an average of 200-cm
alimentary limb and 80-cm common limb.
Gastric volume was measured after stapling
with sterile water. Intestinal limbs were mea-
sured during the surgery with a sterile tape
measure. Follow-up visits were carried out at
intervals (3, 9, and 12 months). The following
variables were specifically recorded: age,
weight, BMI, waist circumference, and associ-
ated morbidities.

Evaluation and Follow-up Time
The frequency of patients with diabetes mel-

litus, hypertension and hyperlipidemia was
recorded at each visit (3, 9, and 12 mo after
surgery).

Hypertension and hyperlipemia were diag-
nosed in patients taking hypotensive and hy-
polipemic drugs, respectively. Hypertension or
hyperlipidemia according to National Cholesterol
Education Program standards also was
diagnosed9.  Diabetes mellitus was diagnosed in
patients taking hypoglycemic drugs or insulin or
according to the American Diabetes Association
standard of diagnosis10.

Weight, BMI, fat mass, blood pressure, basal
glucose, triacylglycerols, total cholesterol, LDL
cholesterol, HDL cholesterol were measured at
basal visit (before surgery) and at each visit (3, 9,
and 12 mo).

Methods Use for Each Determination
Blood pressure was measured twice after a 10

minutes rest with a sphygmomanometer OM-
RON Mx3 (Omron Matsusaka Co. Ld, Tokio
Japan), and averaged.

Body weight was measured to an accuracy of
0.1 Kg and body mass index computed as body
weight/(height2). 

Plasma glucose levels were determined by us-
ing an automated glucose oxidase method (Glu-
cose analyser 2, Beckman Instruments, Fullerton,
CA, USA). Serum total cholesterol, HDL-choles-
terol and triacylglycerol concentrations were de-
termined by enzymatic colorimetric assay
(Roche Diagnostics, Mannheim, Germany).

Genotyping of CB1 Gene Polymorphism
Oligonucleotide primers and probes were de-

signed with the Beacon Designer 4.0 (Premier
Biosoft International®, LA, CA, USA). The poly-
merase chain reaction (PCR) was carried out
with 50 ng of genomic DNA, 0.5 µL of each
oligonucleotide primer (primer forward: 5’-TTC
ACA GGG CCG CAG AAA G-3’ and reverse 5’-
GAG GCA TCA GGC TCA CAG AG-3’), and
0.25 uL of each probes (wild probe: 5’-Fam-ATC
AAG AGC ACG GTC AAG ATT GCC-BHQ-1-
3’) and (mutant probe: 5’-Texas red- ATC AAG
AGC ACA GTC AAG ATT GCC -BHQ-1-3’) in
a 25 µL final volume (Termociclador iCycler IQ
(Bio-Rad®), Hercules, CA, USA). DNA was de-
naturated at 95ºC for 3 min; this was followed by
50 cycles of denaturation at 95ºC for 15 s, and
annealing at 59.3º for 45 s). The PCR were run in
a 25 µL final volume containing 12.5 uL of
IQTM Supermix (Bio-Rad®, Hercules, CA,
USA) with hot start Taq DNA polymerase. Hardy
Weimberger equilibrium was assessed.

Statistical Analysis
The results were expressed as means ± SD.

The normal distribution of variables was ana-
lyzed with Kolmogorov-Smirnov test. Non-para-
metric variables were analyzed with the Mann-
Whitney test and Wilcoxon test. Qualita tive vari-
ables were analyzed with the chi-square test,
with Yates correction as necessary, and Fisher’s
test. Sample size estimation was performed
based on the effects on weight loss using poly-
morphism frequency (30%) in morbid obese sub-
jects. A p-value under 0.05 was considered statis-
tically significant. The statistical analysis was
performed for the combined G1359A and
A1359A as a group and wild type G1359G as
second group, with a dominant model. A p-value
<0.05 was considered statistically significant.

Results

Thirty-nine patients (59.1%) had genotype
G1359G (wild type group) and 27 (40.9%) pa-
tients had genotype G1359A (mutant type
group). In the wild type group, mean age was
41.6±14.6 years and there were 9 men and 30
women. In the mutant type group, mean age
was 43.3±10.4 years and there were 6 men and
21 women, without statistical differences.

The preoperative characteristics of the patients
are shown in Table I.
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Table II presents anthropometric parameters
and blood pressure levels. In the wild type
group, BMI, weight, waist circumference and
systolic blood pressure decreased. In the mu-
tant type group, the same parameters improved,
without statistical differences between groups.
No differences were detected between mutant
and wild genotypes in all anthropometric para-
meters. Initial weight percent loss at 1 year of
follow up was similar in both groups (33.1% vs
33.6%; ns). 

Table III shows the biochemical parameters. In
the wild type group, glucose, total cholesterol,
LDL cholesterol and triacylglycerol concentra-
tions decreased. In the mutant type group, the
same parameters improved. No differences were
detected between mutant and wild genotypes in
all these biochemical parameters. 

A decrease in the percentage of cardiovascular
risk factors was detected in both groups. After
one year, hypertension frequency decreased in
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wild-type patients from 35.8% to 7.7% and from
37.1% to 7.4%, in mutant-type patients. Diabetes
mellitus disappeared in all patients (wild and mu-
tant genotypes). Oral drugs or subcutaneous in-
sulin were discontinued in all patients after
surgery. After one year, dyslipemia frequency de-
creased in wild-type patients from 10.3% to
2.6% and from 11.1% to 3.7%, in mutant-type
patients.

Discussion

The finding of this study is the lack of associa-
tion of the G1359A and A1359A CB1 genotypes
with clinical and biochemical outcomes after
bariatric surgery. Weight, waist circumference,
systolic blood pressure, glycemia, plasma lipid
levels improved during follow up after BPD in
carriers of the homozygous wild-type or het-
erozygous variant genotype.

The literature supports the notion that endo-
cannabinoid system is positioned for regula-
tion of endocannabinoid levels that could in-
fluence craving and reward behaviors through
the relevant neuronal circuitry and metabolic pa-
rameters11. Also, the CB1 receptor is expressed
in some peripheral human tissue studied in rela-
tion to the pathogenesis of obesity and obesity-
associated metabolic disorders. A marked down-
regulation of the fatty acid amide hydrolase
(FAAH) gene expression was found in the adi-

Morbid obese 51
Obese 15
Gender (men/women) 15/51
Age (years) 42.9 ± 13.3
BMI (kg/m2) 48.8 ± 7.6
Hypertension (%) 36.6%
Diabetes mellitus (%) 7.6%
Dyslipemia (%) 10.6%

Table I. Preoperative characteristics of the patients.

IEWL%: initial excess weight percent loss. WC: Waist circumference. SBP (systolic blood pressure). DBP (diastolic blood
pressure). * p<0.05 with basal value in each group.

Table II. Anthropometric and blood pressure course.

Parameters Basal time 3 months 9 months 12 months

Wild group (G1359G)
BMI (kg/m2) 48.3 ± 6.5 40.7 ± 6.8* 36.2 ± 6.2* 33.2 ± 7.7*
Weight (kg) 126.1 ± 20.1 104.1 ± 18.3* 95.3 ± 15* 87.5 ± 18*
IEWL% – 15.8 25.3 33.1
SBP mmHg 151± 35 136.1 ± 18* 131 ± 16* 129.1 ± 20*
DBP mmHg 90 ± 18 78.8 ± 17 81.3 ± 11 81.2 ± 7.6
WC 127 ± 18 114.4 ± 15* 100.8 ± 16* 101.6 ± 20*

Mutant group (G1359A)
BMI (kg/m2) 48.9 ± 7.6 41.1 ± 8.4* 37.4 ± 5.1* 33.7 ± 5.7*
Weight (kg) 126.3 ± 20 107.9 ± 18* 93.5 ± 13* 84.3 ± 13*
IEWL (%) – 14.5 26.2 33.6
SBP mmHg 135 ± 16 132.5 ± 20* 135.1 ± 14 131.4 ± 9.2*
DBP mmHg 85.1 ± 6.9 82.2 ± 9 83.1 ± 6.3 86.2 ± 10.2
WC 126 ± 17 112.8 ± 14* 101.6 ± 12* 102.9 ± 16*
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pose tissue, suggesting that adipose tissue may
be an important contributor to endocannabinoid
metabolism12.

In our study the prevalence of GA genotype
was (59.1%), higher than previous studies:
43.5%13, 19.6%14 and 33.1%15. Perhaps, our sam-
ple with a high average BMI than previous stud-
ies could explain this difference. A second find-
ing is the lack of association between BMI and
genotypes of this polymorphism. This fact is in
contrast with the association detected by Gazzer-
ro et al13 with SNP G1359A of CB1 receptor, and
other polymorphisms of this receptor such as
A3813A and A4895A SNPs16 and (G1422A)
SNP of CB1 receptor17. The inconsistencies be-
tween association studies may reflect the com-
plex interactions between multiple population-
specific genetic and environmental factors.

The effects of different polymorphisms after
bariatric surgery are an interesting area of inves-
tigation. Some Authors have demonstrated, that
melanocortin-4 receptor gene variant determine
the outcome of bariatric treatment of severe obe-
sity18,19. In other study, Sesti et al20) have demon-
strated that after laparoscopic adjustable gastric
banding, carriers of G-174G IL-6 genotype had
lost more weight than G-174C or C-174C and
carriers of A866A uncoupling protein 2 geno-
types have lost more weight as compared with
G866G.

Only one interventional study with this poly-
morphism has been published. Aberle et al14 have
shown that carriers of at least one A allele in
CB1 lost more weight and reduced LDL choles-

terol than wild type patients. Perhaps, these dis-
crepancies with our results could be explained by
different inclusion criteria of subjects in this pre-
vious work. First, the average BMI was different
in our bariatric surgery study than previous
hypocaloric diet study. Second, weight loss and
the maintenance are different. Therefore, the
question arises of whether weight loss achieved
by a BPD in our research overrides the subtle
polymorphism-dependent effects seen in Aber-
le’s study14. However, this topic area is an inter-
esting area of investigation with unclear thera-
peutical implications21,22. 

In conclusion, the present study demonstrates
that polymorphism G1359A in the CB1 receptor
did not have a significant effect on biochemical
and anthropometric improvements after bariatric
surgery.  

References

1) DE LUIS DA, ALLER R, IZAOLA O, GONZÁLEZ SAGRADO,
CONDE R, PEREZ CASTRILLON JL. Effects of lifestyle
modification on adipocytokine levels in obese pa-
tients. Eur Rev Med Pharmacol Sci 2008; 12: 33-
39.

2) DE LUIS DA, ALLER R, IZAOLA O, PACHECO D. Early
clinical and surgical results of biliopancreatic di-
version. Obes Surg 2005; 15: 799-802.

3) SCOPINARO N, ADAMI GF, MARINARI GM: Biliopan-
creatic diversion. World J Surg 1998; 22: 936-
946.

D. A de Luis, D. Pacheco, R. Aller, M. González Sagrado, R. Conde, O. Izaola, et al.

IEWL%: initial excess weight percent loss. WC: Waist circumference. SBP (systolic blood pressure). DBP (diastolic blood
pressure). ch (cholesterol). TG (triglycerides). * p<0.05 with basal value in each group.

Table III. Biochemical parameters.

Parameters Basal time 3 months 9 months 12 months

Wild group (G1539G)
Glucose (mg/dl) 103.1 ± 20 93.1 ± 8* 84.1 ± 18* 85.9 ± 6.7*
Total ch. (mg/dl) 189.1 ± 38 136.4 ± 38* 123.8 ± 31* 135 ± 39*
LDL ch. (mg/dl) 84.5 ± 30 55.3 ± 34* 73 ± 25* 62.6 ± 30*
HDL ch. (mg/dl) 57.3 ± 16 41.5 ± 9 48 ± 16 52.5 ± 8
TG (mg/dl) 145.6 ± 67 133.4 ± 47 99 ± 51* 100 ± 42*
Mutant group (G1539G and
G1539A)

Glucose (mg/dl) 112.1 ± 18 93.8 ± 11* 90.5 ± 5.6* 87.1 ± 5.9*
Total ch. (mg/dl) 188.6 ± 30 130.7 ± 24* 127.4 ± 21* 138 ± 23*
LDL ch. (mg/dl) 111 ± 35 96.5 ± 36* 74.3 ± 22* 68.2 ± 21*
HDL ch. (mg/dl) 64.4 ± 7.1 50.0 ± 10 46.8 ± 13 47.8 ± 11
TG (mg/dl) 131.4 ± 42 118 ± 46* 107 ± 52* 106 ± 58*



4) AMERI A. The effects of cannabinnoids on the
brain. Prog Neurobiol 1999; 58: 315-348.

5) FRIDE E. Endocannabinoids in the central nervous
system an overview. Prostaglandins Leukotr Es-
sent Fatty Acids 2002; 66: 221-233.

6) FELDER CC, GLASS M. Cannabinoid receptors and
theirendogenous agonists. Ann Rev Pharmacol
Toxicol 1998: 38: 179-200.

7) GADZICKI D, MULLER-VAHL K, STUHRMANN M. A fre-
quent polymorphism in the coding exon of the hu-
man cannabinoid receptor (CNR1) gene. Mol Cell
Probes 1999; 13: 321-323.

8) DUART MJ, ARROYO CO, MORENO JL. Validation of a
insulin model for the reactions in RIA. Clin Chem
Lab Med 2002; 40: 1161-1167.

9) EXECUTIVE SUMMARY OF THE THIRD REPORT OF THE NA-
TIONAL CHOLESTEROL EDUCATION PROGRAM (NCEP) EX-
PERT PANEL ON DETECTION, EVALUATION AND TREATMENT

OF HIGH BLOOD CHOLESTEROL IN ADULTS (ADULT TREAT-
MENT PANEL III). JAMA 2001; 285: 2486-2487.

10) STANDARDS OF DIABETES MELLITUS, AMERICAN DIABETES

ASSOCIATION. Diabetes Care 2007; 30: s4-s41.

11) DI MARZO V, GOPARAJU SK, WANG L, LIU J, BATKAI S,
JARAI Z, FEZZA F, MIURA GI, PALMITER RD, SUGIURA T,
KUNOS G. Leptin-regulated endocannabinoids are
involved in maintaining food intake. Nature 2001;
410: 822-825.

12) ENGELI S, JANA B, MAREIKE F, KERSTIN G, JÜRGEN J,
SANDOR B. Activation of the peripheral endo-
cannabinoid system in human obesity. Diabetes
2005; 54: 2838-2843.

13) GAZZERRO P, CARUSO MG, NOTARNICOLA M, MISCIAGNA

G, GUERRA V, LAEZZA C, BIFULCO M. Association be-
tween cannabinoid type 1 receptor polymorphism
and body mass index in a southern Italian popu-
lation. Int J Obes 2007; 31: 908-912.

14) ABERLE J, FLITSCH J, ALESSIA N, MANN O, BUSCH P,
PEITSMEIER P, ULRICH F. Genetic variation may influ-
ence obesity only under conditions of diet: analy-
sis of three candidate genes. Mol Genet Metab
2008; 95: 188-191.

15) JAEGER J, MATTEVI V, CALLEGARI-JACQUES SD, HUTZ MH.
Cannabinoid type 1 receptor gene polymor-
phisms are associated with central obesity in a
Southern Brazilian population. Dis Markers 2008;
25: 67-74.

16) RUSSO P, STRAZZULLO P, CAPPUCCIO FP, TREGOUET DA,
LAURIA F, LOGUERCIO M, BARBA G, VERSIERO M, SIANI A.
Genetic variations at the endocannabinoid type 1
receptor gene (CNR1) are associated with obesi-
ty phenotypes in men. J Clin Endocrinol Metab
2007; 92: 2382-2389.

17) PEETERS A, BECKERS S, MERTENS I, VAN HUL W, VAN

GAAL L. The G1422A variant of the endocannabi-
noid receptor gene is associated with abdominal
adiposity in obese men. Endocrine 2007: 31: 138-
141.

18) KRAL JG, BRANSON R, PIEC G. Melanocortin-4 re-
ceptor gene variants affect results of gastric
banding. J Gastrointest Surg 2004; 126(Suppl
2): A774.

19) KRAL JG, LENTES KU, HORBER FF. Binge eating as a
phenotype of melanocortin 4 receptor gene muta-
tions. N Engl J Med 2003; 349: 606-609.

20) SESTI G, PEREGO L, CARDELLINI M, ANDREOZZI F, RICAS-
OLI C, VEDANI P, GUZZI V, MARCHI M, PAGANELLI M,
FERLA G, PONTIROLI AE, HRIBAL ML, FOLLI F. Impact of
common polymorphisms in candidate genes for
insulin resistance and obesity on weight loss of
morbidly obese subjects after laparoscopic ad-
justable gastric banding and hypocaloric diet. J
Clin Endocrinol Metab 2005; 90: 5064-5069.

21) DE LUIS DA, PACHECO D, ALLER R, GONZÁLEZ SAGRADO

M, IZAOLA O, TERROBA MC, CUELLAR L, CONDE R,
MARTIN T, PEREZ CASTRILLON JL. Influence of -55CT
polymorphism of UCP3 gene on surgical results
of biliopancreatic diversion. Obes Surg 2009 (in
press). 

22) DE LUIS DA, PACHECO D, ALLER R, GONZÁLEZ SAGRADO

M, IZAOLA O, TERROBA MC, CUELLAR L, CONDE R, MAR-
TIN T. Influence of G308A polymorphism of Tumor
Necrosis Factor Alpha gene on surgical results of
biliopancreatic diversion. Obes Surg 2010: 20:
221-225.

201

G1359A polymorphism of cannabinoid receptor gene and bariatric surgery


