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Abstract
Int roduct ion:  The risk of schizophrenia conferred by cannabis has recent ly been proponed 
to be modulated by the Val158Met  polymorphism (rs4680) at  the COMT gene. To date, 
these indings have not been replicated in independent samples.
Mat erial  and met hods:  We tested the potent ial gene-by-environment  interact ion between 
Val158Met  genotype at  the COMT gene and previous use of cannabis in schizophrenia 
in 192 healthy cont rols and 91 inpat ients with DSM-IV schizophrenia. The funct ional 
COMT Val158Met  polymorphism was analyzed using TaqMan technology. Cannabis use was 
measured by taking into account  the frequency of intake during the previous month. 
Logist ic regression models were used to test  the interact ion between genet ic and 
environment  factors.
Resul t s:  Cannabis use was st rongly associated with the case condit ion (p < 0.0001). 
The Val158Met  polymorphism at  the COMT gene was not  associated with schizophrenia, 
although Val/ Val homozygosit y tended to be more f requent  in the case group than in 
the cont rol group (34% vs 27%; OR = 1.39; 95% CI,  0.78-2.47).  Finally,  in women we 
found a non-signiicant trend toward the association when we tested for the interaction 
between cannabis use, the number of  Val alleles and suscept ibil it y to schizophrenia  
(p = 0.152).



90 B. Gut iérrez et  al  

Introduction

Cannabis is one of the most  widely consumed drugs in the 
world. Tradit ionally, it s consumpt ion has been linked to an 
increased risk of psychot ic symptoms and schizophrenia, an 
assumpt ion corroborated by prospect ive studies conducted 
on large populat ion samples.1 Two recent reviews speciically 
indicate that  cannabis might  actually act  as a causal 
factor in the onset  of psychoses, as it  increases the risk of 
these diseases from 1.4 to 1.9 t imes.2,3 This risk could be 
increased in the case of young teenage consumers, in whom 
the deleterious effects of cannabis could be greater, owing 
to the fact  that  in these part icularly vulnerable individuals 
brain development  has not  yet  been completed. 4,5 

The effect  of cannabis on the total risk for psychosis, 
and part icularly for schizophrenia, may also be modulated 
by genet ic factors.6,7 In a study carried out  in Dunedin 
(New Zealand), on a cohort  of individuals monitored from 
birth unt il the age of 26, it  was found that  homozygotes 

for the Val (Valine) allele of the Val158Met  polymorphism 
of the catechol-O-methylt ransferase (COMT) gene, who 
had also consumed cannabis during their adolescence, 
were at  least  5 t imes more at  risk of exhibit ing psychot ic 
symptoms and developing a schizophreniform disorder than 
individuals with the same genotype who had not  previously 
consumed cannabis.8 Catechol-O-methylt ranspherase is the 
principal metabolizer of dopamine. The gene containing 
the informat ion for it s synthesis is located on the 22q11 
chromosome, a region that  has consistent ly been linked 
to schizophrenia9 and in which a speciic microdeletion 
has been associated with the velocardiofacial syndrome, 
in which psychot ic symptoms are very common.10 In the 
COMT gene the Val158Met  polymorphism, also known as 
rs4680, is characterized by the fact  that  it  has two possible 
alleles or genet ic variants (Val or Met ) with dif ferent  
funct ional repercussions on the protein they code for, the 
Val allele determining greater act ivity of the catechol-
O-methyt ranspherase enzyme than the Met  allele.11,12 
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Resumen
Int roducción: Recientemente se ha propuesto que el incremento de riesgo de esquizofre-
nia en relación con el consumo de cannabis podría modiicarse por el polimorismo Val-
158Met  (rs4680) del gen COMT.  Estos hallazgos no han sido replicados hasta el momento 
en muest ras independientes.
Mat erial  y mét odos:  En una muest ra de 192 cont roles sanos y 91 pacientes con diagnós-
t ico DSM-IV de esquizofrenia se exploró la posible interacción genét ico-ambiental de 
COMT y consumo de cannabis y su efecto en el riesgo de esquizofrenia. El polimorismo 
funcional Val158Met  del gen COMT se analizó mediante tecnología TaqMan. El consumo 
de cannabis se determinó teniendo en cuenta la frecuencia de su uso durante el últ imo 
mes. Se aplicaron modelos de regresión logística para probar periles de riesgo genético 
y/o ambiental concretos deinidos a priori para la esquizofrenia.
Result ados: El consumo de cannabis tiene irme relación con la condición de enfermo  
(p < 0,0001). El polimorismo Val158Met del gen COMT no tenía relación con la esqui-
zofrenia, si bien los individuos homocigotos Val/ Val tendían a ser más frecuentes en el 
grupo de enfermos que en el de cont roles (el 34 frente al 27%; odds rat io = 1,39; intervalo 
de conianza del 95%, 0,78-2,47). Por último, se detectó un incremento no signiicativo  
(p = 0,152) de muj eres consumidoras de cannabis y portadoras del alelo Val en el grupo 
de enfermas al compararlo con el grupo cont rol.
Conclusiones: Nuest ros resultados apoyarían hallazgos recientes que describen un efecto 
modulador del gen COMT en el riesgo que coniere para la esquizofrenia el consumo y/o el 
abuso de cannabis. En nuest ro estudio, este efecto sólo se observa en el grupo de muj eres. 
© 2009 Sociedad Española de Psiquiat ría y Sociedad Española de Psiquiat ría Biológica.  
Publicado por Elsevier España, S.L. Todos los derechos reservados.

  
Conclusions: Our results tend to support recent indings suggesting that the Val-
158Met  polymorphism at  the COMT gene modiies the risk of schizophrenia conferred 
by cannabis use. In our study, this possible effect  was only detected in women. 
© 2009 Sociedad Española de Psiquiat ría y Sociedad Española de Psiquiat ría Biológica. 
Elsevier España, S.L. All rights reserved.
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In addit ion, the Val allele appears to determine greater 
concent rat ions of dopamine in mid-brain neurons13 and 
lower densit ies of grey mat ter in the anterior cingulate 
cortex.14 These funct ional dif ferences between one 
allele and another could t ranslate as dif ferent  degrees of 
vulnerability to schizophrenia, in which there deinitely 
seems to be a general and non-speciic dysfunction of the 
dopaminergic neurot ransmission pathway. 

Studies on families have described a dif ferent ial 
t ransmission of the high-act ivity Val allele in individuals 
with schizophrenia; however, case-cont rol studies have 
generally provided inconclusive results about  the effect  in 
isolat ion of this gene in the et iology of the disorder.15,16 In 
this respect , the study by Caspi8 et  al cont ributes revealing 
indings because they demonstrate for the irst time the 
genet ic-environmental interact ion (COMT gene and cannabis 
consumpt ion) in the causality of psychosis. The effect  of 
the gene alone is not  very great , but  when combined with a 
stressful environmental factor it increases signiicantly. 

Although there have not  yet  been any replicat ions of these 
indings in population samples, there are 3 studies whose 
results support  those of Caspi et  al,8 and at  least  one which 
does not support their results. The irst of these studies 
support ing the research done by Caspi et  al is an ent irely case-
based study, which included 223 irst psychotic episodes. 
In this study Di Fort i et  al17 concluded that  the effect  of 
cannabis on the appearance of psychosis was moderated by 
the Val158Met  polymorphism of the COMT gene and that  Val/
Val homozygotes, who had also consumed cannabis, were at  
greater risk of developing a psychot ic disorder in the future. 
The second study corresponds to an experimental design in 
which THC (the main psychoact ive component  of cannabis) 
or placebo was administered to volunteers.18 In this study it  
was noted that  Val/ Val homozygous individuals were more 
sensit ive to the effect  of THC and had a higher probabilit y 
of manifest ing psychot ic symptoms after it s administ rat ion 
than individuals with other genotypes. In relat ion to these 
results, an independent  study executed by the same 
research team describes an increased risk of hallucinat ions 
after consuming cannabis in psychot ic pat ients carrying the 
Val allele of the Val158Met  polymorphism.19 However, all 
these indings, which, although they are from heterogenous 
design studies, appear to support  the interact ion between 
the COMT gene and cannabis consumpt ion in the et iology of 
schizophrenia, cont rast  with those described by Zammit  et  
al,20 who failed to ind any evidence of such an interaction 
in a recent  study ent irely based on cases of schizophrenia. 

Given the potential transcendence of the indings 
described and the current  lack of data, in the present  study 
our aim was to explore the possible interact ion between 
cannabis consumpt ion, COMT gene variabilit y and the 
risk of schizophrenia in a Spanish sample of schizophrenic 
pat ients and cont rols. 

Sample and methods 

Sample 

The sample included in this study consisted of 283 
individuals, 91 (66 men and 25 women) of whom were 

pat ients with a DSM-IV schizophrenia diagnosis and 192 (96 
men and 96 women) of whom were healthy individuals, who 
were not  related to one another and originated from the 
same populat ion as the schizophrenic pat ients. The pat ients 
were recruited from acute units in 2 Spanish hospitals (Sant  
Joan de Déu-Serveis de Salut  Mental in Barcelona and the 
San Cecilio University Hospital in Granada). The cont rols 
were from primary care cent res in Andalusia who at tended 
consecut ive appointments with their GP and agreed to give 
a genet ic sample. All the part icipants signed an informed 
consent  in order to j oin the study; previously the ethics 
commit tees of the respect ive hospitals had approved the 
protocols. 

State of patients or controls 

The pat ients had been clinically diagnosed with 
schizophrenia. This was conirmed, following DSM-IV 
criteria for schizophrenia, by independent  and experienced 
clinical psychiat rists. Subsequent ly, the symptomatology 
was evaluated using the Spanish version of the Posit ive 
and Negat ive Symptoms of Schizophrenia (PANSS) scale.21 
For their part ,  the cont rols, who came from primary care 
cent res, were evaluated using the Spanish version of the 
28-item General Health Quest ionnaire (GHQ-28)22 and their 
disease-free status was conirmed when their score on this 
mental disorder screening scale was lower than the most  
st ringent  cut -off  point  (2/ 3). 

Environmental factors 

Socio-demographic data, including sex, age, marital status 
and educat ional level, was collected. In addit ion, both 
pat ients and cont rols were asked about  their current  habits 
with regard to cannabis consumpt ion to clarify whether they 
were regular consumers of this substance. Consumpt ion was 
regarded as habitual when cannabis had been used at  least  
once a week during a minimum of 2 weeks in the preceding 
month. Quest ions related to the age at  which cannabis 
consumpt ion was init iated were included in the study 
protocol once sampling had begun but  this informat ion is 
only available for a small part  of the sample. This is why the 
age when consumpt ion began is not  a variable that  we can 
take into account  in our analyses. 

Genetic analyses 

After giving their informed consent , both pat ients and 
cont rols donated a biological sample of blood or saliva 
(in cases in which these subj ects preferred the sample to 
be obtained in this way). The Val158Met  polymorphism of 
the COMT gene was analyzed in the ent ire sample using 
TaqMan technology. The oligonucleot ide mould and the 
probe employed in this analysis were designed using 
Primer Express 2.0 software (ABI, Foster City, California). 
The DNA sequences were obtained through GenBank. 
Allele discriminat ion was performed using a TaqMan 7900 
machine. 4 types of signal were identiied as clusters by 
means of SDS 1.7 sof t ware (ABI, Foster City, California). 
These clusters corresponded to Val/ Val homozygotes, Met /
Met  homozygotes, Val/ Met  heterozygotes and negat ive 
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cont rols. The validity of each genotype group or clust er was 
conirmed by sequencing 3 randomly selected samples from 
each group. 

Statistical analysis 

The Hardy Weinberg equil ibrium was analyzed for the 
genotype f requencies in pat ients and cont rols using the c2 t est  (EPI Info VI stat ist ical package and SPSS v.12.0). 
The same stat ist ical t est  was employed to compare the 
dist ribut ion of  consumers and non-consumers of  cannabis 
and the allele and genotype f requencies of  groups of 
schizophrenics and cont rols.  Logist ic regression models were 
applied to control speciic genetic and/or environmental 
risk proiles, designed a priori, for schizophrenia. These 
logist ic regression models were used to adj ust  associat ions 
and interact ions due to possible confounding factors,  such 
as sex and age. The associat ions (odds rat io [OR] with 
conidence intervals [CI] of 95%) between the disease, 
cannabis consumpt ion and the genet ic variants which were 
analyzed were also est imated. 

Results

Consumption of cannabis and schizophrenia 

It was found that the consumption of cannabis was irmly 
l inked to the condit ion. Thus, the use of this substance was 
signiicantly more common in cases of schizophrenia than 
in cont rols (c2 = 62.812; p < 0.0001) (Table 1). This link 
was maintained when cannabis consumpt ion was analyzed 
according to sex. Although in our study the women smoked 
less cannabis than the men, in the female group greater 
consumpt ion was also observed amongst  the women who 
had the disease than amongst  women who did not  (c 2 = 7.36;  
p = 0.006; OR = 3.831; CI 95%, 1.392-10.542). In the case of 
males this associat ion between cannabis consumpt ion and 
schizophrenia increased (c 2 = 49.7; p = 0.0001; OR = 14; CI 
95%, 6.29-31.162). 

COMT gene and schizophrenia 

The genotype frequencies for the Val158Met  polymorphism 
of the COMT gene were in Hardy Weinberg equilibrium in 
both pat ients and cont rols. 

The analysis of  t he genet ic associat ion between t his 
gene and schizophrenia revealed t hat  t here were no 
statistically signiicant differences in the distribution 
of  al lele and genot ype f requencies when pat ient s and 
cont rols were compared (t able 2),  al t hough t he proport ion 
of  homozygous individuals carrying t he Val al lele t ended 
t o be greater in t he pat ient  group (34 compared t o 27%;  c2 = 1.45;  p = 0.228;  OR = 1.39;  CI 95%, 0.78-2.47). 
Neit her were dif ferences found when t he analyses were 
sex-stratiied. In both patients and controls the allele and 
genot ype dist ribut ion was similar in males and females. 
Once again, although statistical signiicance was not 
reached,  in both cases a higher proport ion of  Val/ Val 
genot ypes was observed in pat ient s t han in cont rols (data 
not  shown). 

Schizophrenia, the COMT gene and cannabis 
consumption 

we found that  cannabis consumpt ion was independent  of 
genotype for the Val158Met  polymorphism of the COMT 

gene both in pat ients (c2 = 1.146; gl = 2; p = 0.564) and 
in cont rols (c2 = 1.676; gl = 2; p = 0.433). When the 
possible interact ion of COMT gene variabilit y with cannabis 
consumpt ion and the risk of schizophrenia that  these two 
factors jointly confer was analyzed, no signiicant general 
effects were detected on comparing pat ients and cont rols. 
However, when the data was analyzed according to sex, we 
found that  the maximum risk of schizophrenia corresponded 
to women who regularly consumed cannabis and who were 
also homozygous for the Val allele. In the case of Val/ Met  
heterozygous females who consumed cannabis there was 
an intermediate level of risk for schizophrenia and, inally, 
Met / Met  homozygous females who consumed cannabis had 
the least  risk of developing the disease (Figure 1). However, 
this dose-dependent  pat tern between Val alleles, cannabis 
consumpt ion and risk of schizophrenia in women did not  
attain statistical signiicance (p = 0.152). 

Table 1 Cannabis consumpt ion in pat ients with 

schizophrenia and cont rols

 Cannabis consumpt ion

 Yes No

Pat ients 51 (58.6%) 36 (41.4%)

Cont rols 25 (13%) 167 (87%)

χ2 = 62.812; gl = 1; p < 0.001.

Odds ratio = 9.463 (conidence interval 95%, 5.199-17.225)

Table 2 Dist ribut ion of the allele and genotype 

frequencies for the val158met  polymorphism of the COMT 

gene in pat ients and cont rols

 Cont rols Pat ients

Allele frequencies

 Met  182 (47%) 75 (41%)

 Val 202 (53%) 107 (59%)

 χ2 = 1.907;  gl = 1; p = 0.167

Genotype frequencies

 Met / Met  42 (22%) 15 (16%)

 Met / Val 98 (51%) 45 (50%)

 Val/ Val 52 (27%) 31 (34%)

 χ2 = 1.948;  gl = 2;  p = 0.378
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Discussion

The cont inued consumpt ion and/ or abuse of cannabis has 
consistent ly been associated with an increased risk of 
developing psychot ic symptoms and/ or schizophrenia.1,23 
This risk could be greater in genet ically vulnerable 
individuals. To be speciic, recent indings by the Caspi 
et  al8 group indicate that  cannabis consumpt ion during 
adolescence could increase the risk of schizophrenia by  
5 in Val/ Val homozygotes for the Val158Met  polymorphism 
of the COMT gene. This increase in risk was not  observed 
in people with the same genotype who had not  previously 
consumed cannabis.8 

The COMT gene codes for catechol-O-methylt ransferase, 
a key enzyme in dopaminergic neurot ransmission and the 
Val158Met polymorphism is, speciically, a functional 
polymorphism which af fects the t ranscript ional act ivit y 
of the gene and, consequently, the eficiency with which 
dopamine is metabolized in the prefrontal cortex. 12 
Tradit ionally,  t he COMT gene has been regarded as a 
candidate for schizophrenia and within this gene the 
Val158Met  funct ional polymorphism has been widely 
studied in relat ion to the origin of  the disease. However, 
in general the result s of  genet ic associat ion studies 
have proved inconclusive. Two recent  meta-analyses 
found minimal or no evidence of  an associat ion between 
the Val158Met  polymorphism of  the COMT gene and 
schizophrenia. 24,25 Taking into account  the evidence above, 
it  seems plausible that ,  rather than having a maj or ef fect , 
t he COMT gene could have a modulatory role on the ef fect  
of speciic environmental risk factors for schizophrenia, 
for example, cannabis consumpt ion. So far this hypothesis, 
supported by Caspi et  al ’s study, 8 has not  been replicated in 
an independent  sample,  although 3 studies have indirect ly 
shown favourable result s. 17-19 

In this study, as our main obj ect ive, we proposed to 
explore the possible interact ion of these two factors 
(cannabis consumpt ion and COMT gene variabilit y) and 
their role in the risk of schizophrenia in a Spanish sample. 
First ly, as other authors have described,3,7 our results 
show a irm association between cannabis consumption 
and schizophrenia. This associat ion was observed in both 
the male and female group, although in the former the 
magnitude of the effect was signiicantly greater than in 
the lat ter. It  is t rue that  our study is based on a t ransversal 
design, in which it  is not  possible to establish cause-effect  
relationships, and, therefore, we can only afirm that in our 
sample cannabis consumption is signiicantly more common 
in people who have the disease than in people who do not , 
without  being able to determine whether consumpt ion 
preceded its manifestat ion or whether it  became established 
afterwards. 

With respect  to the possible role of  the COMT gene in 
causing schizophrenia,  our result s do not  appear to support  
the content ion that  the variabil it y analyzed in this gene 
is related to a dif ferent ial risk for this disease, although 
in both the general analysis and in the sex-stratiied 
analysis we found a non-signiicant tendency towards an 
increase in homozygotes of  the Val (Valine) allele amongst  
pat ients in comparison to cont rols.  It  is l ikely that ,  if  t hese 
tendencies were maintained in a larger sample,  the result s 
could attain statistical signiicance. However, taking into 
account  the data current ly at  our disposal,  t he f requency 
of  risk genotypes in the non-schizophrenic populat ion 
and the size of  our sample,  we est imate that  we have 
a probabil it y of  80% (CI 95%) of  detect ing a minimal 
risk of  2.2,  if  we consider the Val/ Val homozygote a risk 
genotype, or 3.2,  if  we consider the Val/ Met  and Val/ Val 
combinat ions to be risk genotypes. In both cases these 
are risks of  certain magnitude, probably higher than those 
expected for the COMT gene. To detect  smaller ef fects we 
would need a considerably larger sample and our current  
sampling capacit y is l imited. 

Finally, and in relat ion to the increased risk of 
schizophrenia which the interact ion between cannabis 
consumpt ion and COMT gene variabilit y might  confer, in 
our study we only found evidence that  could support  this 
interact ion in the female group and not  in the male group. 
These tendencies did not reach statistical signiicance, 
possibly due to a lack of sampling capacity. However, they 
point in the same direction as the indings of Caspi et al8 
and should be explored in greater depth in a larger sample. 
New studies along these lines should be developed, ideally 
in the context  of longitudinal designs, in order to clarify, 
on the one hand, the modulatory role of the COMT gene on 
the risk cannabis poses in the development  of schizophrenia 
and, on the other, on the magnitude of this effect . 
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