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Chapter 5

Cannabis and a lower BMI in psychosis: what is the role 
of AKT1? 
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ABSTRACT

Cannabis use has been associated with favourable outcomes on metabolic risk factors. We 
investigated whether this effect is mediated by the AKT1 gene, as activation of the related 
enzyme by cannabis may cause metabolic changes. In patients with psychosis (n=623) can-
nabis use was inversely related to Body Mass Index (BMI) but not with levels of glycosylated 
haemoglobin (HbA1c) Moreover, out of 6 AKT1 SNPs, rs2494732 was associated with canna-
bis use, but AKT1 did not mediate the effect of cannabis on BMI. 
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INTRODUCTION

Pati ents with a psychosis have on average a life expectancy 13-30 years shorter than the 
general populati on.9,10 Metabolic disorders combined with an unhealthy lifestyle,64 which 
develop quickly aft er onset of psychosis,238 are the main medical conditi ons that lead to a 
shortened life expectancy.239-241 Interesti ngly, while many psychoti c pati ents use cannabis,206 

which can trigger psychoti c symptoms,84 cannabis has been associated with a lower body 
mass, levels of glucose and cholesterol and a smaller waist circumference in both healthy in-
dividuals207-210 and pati ents with psychosis.188 On the other hand, cannabis use has also been 
related to an unhealthy lifestyle211 and heightened glucose levels and stronger increases in 
body weight in pati ents with psychosis.148 These inconsistent eff ects of cannabis may be 
mediated by the endocannabinoid system. The main psychoacti ve consti tuent of cannabis, 
(−)-trans-Δ9-tetrahydrocannabinol (THC) increases appeti te and food intake and sti mulates 
the storage of body fat220,221 by acti vati ng the endocannabinoid system.218 At the same ti me, 
cannabidoids220 decrease appeti te and food intake and therefore lead to metabolic impro-
vements.222 

Geneti c make-up may infl uence the eff ect of cannabis use on metabolic syndrome. The 
serine–threonine protein kinase AKT1, which encodes for the enzyme RAC-alpha serine/
threonine-protein kinase, has been implicated in schizophrenia.216,242 While AKT1 risk alleles 
(rs2494732) carriers have an increased risk to develop schizophrenia by using cannabis,19,243 
carriers (i.e. rs1130214) are also likely to develop metabolic syndrome.20,244 As THC and can-
nabinoids are able to acti vate AKT1,245,246 the use of cannabis may reduce the risk of diabetes 
and metabolic syndrome by acti vati ng AKT1 in subjects with a normal AKT1 gene. We there-
fore hypothesise that cannabis users have a lower BMI and lower glucose levels compared 
to non-users and that this eff ect is weaker in carriers of an AKT1 risk allele.

MATERIAL AND METHODS

Study populati on
We included 623 pati ents (aged between 15-50 years old) from an ongoing longitudinal 
study (Geneti c Risk and OUtcome aft er Psychosis; GROUP, version 3.02) in selected repre-
sentati ve geographical areas in the Netherlands and partly in Belgium. The study outline 
has been described in detail elsewhere.247 Body Mass Index (BMI) was measured as body 
weight/height2 (kg/m2) and glycated hemoglobin (HbA1c) as %. Cannabis use was defi ned as 
a positi ve answer in the Composite Internati onal Diagnosti c Interview (CIDI) and cannabis 
urine screening (immunoassay with a cutoff  of 50 ng/mL). 

    5
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Six Single Nucleotide Polymorphisms (SNPs) of the AKT1 gene on chromosome 14 were ge-
notyped in patients: rs1130214 (104793397, G/T; MAFEUR= 28.0%), rs1130233 (104773557, 
G/A, MAFEUR= 24%), rs2494732 (104772855, T/C, MAFEUR= 44%), rs2498784 (104798626, 
C/T, MAFEUR= 9%), rs3730358 (104780070, C/T, MAFEUR= 16%), and rs3803300 (104803442, 
A/G, MAFEUR= 10%). Genotype distribution of the polymorphisms in our sample did not de-
viate significantly from the Hardy Weinberg equilibrium and minor allele frequency (MAF) 
of these SNPS was in accordance with their corresponding MAF of European population 
reported in 1000 genome project (see web link). Genetic data of good quality on all SNPs 
were available for 452 patients. We examined the linkage disequilibrium  (LD) between the-
se SNPs as presented in a regional LD plot in Supplementary Figure 1. Per each of the SNPs 
the corresponding genotypes were coded as additive, with 0 for carriers of no risk allele (i.e. 
wild type), 1 for heterozygotes for risk allele (1 copy), and 2 for carriers of 2 risk alleles, and 
modeled as co-variables in a linear effect.248 Per subject, we calculated an unweighted gene-
tic risk score (GRSAKT1) for AKT1 by summing up the number of risk allele yielded a range 
between 0 (i.e. a person with no risk allele in any of the SNPs  and a maximum of 12 (i.e. 
a person with 2 risk alleles for each SNP). Both an unweighted GRSAKT1 and the separate 
SNPs were investigated. Cannabis use (yes or no) was analysed as a linear effect.249

Data analysis
BMI and HbA1c were normalised using the Box-Cox Power Transformation procedure (AID 
package of RStudio 098 (Inc.). BMI was transformed by taking the inverse square root and 
HbA1c by taking the fourth root. Haploview 4.2 was used to determine whether the SNPs 
could be combined into haploblocks (R2>0). The linear association between transformed 
BMI or HbA1c and cannabis use was investigated adjusted first for gender and age, and next 
with antipsychotic use (yes/no), smoking status (yes/no), and alcohol use (yes/no) as addi-
tional covariates.64 In case of a significant association between outcome variable and can-
nabis use, mediation analysis was performed per SNP, and per AKT1 risk score with BMI as 
outcome, cannabis as predictor, AKT1 as mediator (because cannabis induces AKT1), and 
age and gender as confounders. Three models for both the GRSAKT1 and the separate SNPs 
were used: 

 Model I: Cannabis = β0 + SNP + age + gender
 Model II: BMI = β¬ + gene + age + gender
 Model III: β0 + SNP + cannabis + age + gender

If Model I and II were both significant, a Sobel test was conducted to test whether cannabis 
had a significantly mediating effect. The regression coefficients (β’)  were presented after 
back transformation for BMI and HbA1C. Correction for multiple comparison in subsequent 
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regression analyses was applied by dividing α=0.05 by the number of haploblocks and inde-
pendent SNPs. There were no SNPs with a strong LD (r2>0.70), thus we used an α of 0.05/6 
= 0.008. SPSS 20.0 (IBM Inc. New York, USA) was used for stati sti cal analyses.

RESULTS

Characteristi cs of the study populati on is presented in Table 1. Regression analysis revea-
led that the mean BMI was lower in users (25.0 +/- SE 0.37) compared to non-users (26.7 
+/- SE 0.24), as shown by the back-transformed regression coeffi  cient (β’=-51.0, SE=0.002, 
p<0.0005; Supplementary Table 1). This eff ect remained signifi cant aft er adding the cova-
riates (β’=44.4, SE=0.002, p<0.001). There was no signifi cant diff erence in mean levels of 
HbA1c between user and non/user of cannabis (Supplementary Table 2). 

The distributi on of the GRSAKT1 ran-
ged from 0-8. We observed that the 
mean of AKT1 GRS  is signifi cantly 
higher in users (3.1) compared to 
non-user (2.5) of cannabis. As Figure 
1 presents,  the percent of cannabis 
users  (i.e. grey bars) increased as 
the dosage of GRSAKT1 increased, 
yielding a signifi cant relati on bet-
ween the AKT1 GRS and cannabis use 
(β=0.13, SE=0.009, p=0.009). 

We also found a signifi cant relati on 
between rs2494732 genotype and 
cannabis users as proporti onal can-
nabis use was signifi cantly higher in 
CT and TT genotypes compared to 
CC yielding a β’ of 0.15 (SE=0.080, 
p=0.002); there was a nominal eff ect 
of rs1130233 (p=0.027). Both SNPs 
were in moderate linkage disequili-
brium (R2=0.48) and regression ana-
lysis included the both studied SNPs, 
showed that the borderline associ-

M (SD) /

n (%)

Age 30.5 (7.8)

Gender (males) 488 (78%)

Ethnicity (Caucasian) 503 (83%)

Diagnosis  

    Schizophrenia/Schizophreniform disorder 434 (70%)

   Schizoaff ecti ve disorder 78 (13%)

   Psychoti c disorder NOS 71 (11%)

   Other/unknown 40 (6%)

Anti psychoti cs  

   None 63 (10%)

   Risperidone 90 (14%)

   Olanzapine 114 (18%)

   Queti apine 40 (6%)

   Clozapine 87 (14%)

   Haloperidol 20 (3%)

   Aripiprazole 80 (13%)

   Polypharmacy 65 (10%)

   Other/unknown 64 (10%)

BMI 26.3 (5.0)

Obese (BMI > 30 kg/m2) 123 (20%)

Increased HbA1c (> 6.1%) 38 (8.9%)

Cannabis (using) 149 (24%)

M= mean. SD= standard deviati on.

Table 1: Demographical data
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ation became non-significant. Therefore the association may be attributed to rs2494732 
(p=0.029).  
  
There was no significant association between BMI and GRSAKT1 or SNPs and no mediating 
effect of AKT1 was found. Indeed, when we stratified AKT1 rs2494732 as an example, we 
did not observe a difference in the distribution of BMI by cannabis use across its three ge-
notypes (Figure 2). For patients with a BMI > 25 the distributions may suggest an effect, but 
repeating the analysis for patients with higher BMI also failed to show an effect for AKT1.

Cannabis use present in % (yes in Y1 axis, mean BMI plotted as numerical in Y2 axis, and the AKT1 GRS (range 0 - 8) 
in X axis. Bars show the percent of cannabis users in each dosage level of AKT1 GRS,  and solid Line present the 
relationship between BMI and AKT1 GRS.

Figure 1: The relationship between use of cannabis, BMI and AKT1 GRS.
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DISCUSSION

This study investi gated whether cannabis use is associated with a decreased body mass and 
HbA1c, and whether this eff ect is mediated by the AKT1 gene. We showed that there is a 
strong negati ve correlati on between BMI and cannabis use, but no mediati ng eff ect of the 
AKT1 gene. Moreover, there was no relati on between cannabis use and HbA1c.

The benefi cial eff ect of cannabis use on BMI confi rms earlier studies in both pati ents with 
psychosis and healthy persons.188,207-210 In contrast, other studies found cannabis use to be 
related to an increased body weight in pati ents,148 or found no relati on with metabolic risk 
factors in the general populati on.211 Given that the presence of both CB1 receptor agonists 
and antagonists in the cannabis compound may lead to both increased and decreased me-
tabolism, studies may fi nd opposing results dependent on their sample properti es. 

We showed a steady trend in decrease of BMI with increase in GRSAKT1 dosage. We did not 
show a signifi cant relati on between AKT1 and BMI, and therefore AKT1 did not mediate the 
eff ect between BMI and cannabis. Previous studies showed a relati on between AKT1 SNPs 
and metabolic parameters, including BMI.20,250 It is feasible that this eff ect is very weak, and 

Figure 2: Histogram of BMI per allele of rs2494732 (CC = WT, TT = mutati on), for the 
pati ents who used cannabis, and the normal distributi on curve of pati ents using and not 
using cannabis
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that other factors, such as the use of antipsychotic medication, may have a larger impact on 
the relation between cannabis use and BMI than the AKT1 genotype. 

The level of HbA1c was not related to cannabis use. Previous studies have shown a positive 
association between cannabis use and glucose or HbA1c levels,148 a negative association,208 

or no effect.211 Of note, 8.9% of our sample had an increased HbA1c level. As only 9% of the 
sample had an HbA1c above the threshold, there is a possibility that distribution and range 
concentrations were too small to detect a relation of statistical significance. 
 
There was an association between cannabis use and GRSAKT1. For specific SNPs, there was 
an association with rs2494732 as shown by previous studies (including our sample).19,243 

Although this SNP was a dependent variable in our mediation models, results should be 
interpreted that patients with the risk allele have an increased risk of cannabis use.
 
In this study, we used a cohort of patients who had a relatively recent onset psychotic disor-
der. The AKT1 gene might act differently in a population of patients with chronic psychotic 
disorders as opposed to patients with a recent episode psychosis. We recommend replicati-
on of this study in a larger sample of patients with chronic psychotic disorders.

Conclusion
In conclusion, cannabis use is likely to be associated with a lower BMI in patients with a 
psychotic disorder. Moreover, AKT1 risk alleles may increase the incidence of cannabis use 
in patients with a psychotic disorder in a dose-response manner. However, AKT1 does not 
appear to mediate the effect of cannabis on BMI. Future studies are warranted to investi-
gate whether other genes mediate the effect between cannabis and metabolic risk factors.
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SUPPLEMENTARY FILES

Model
Ref./risk 
allele

Minor 
allele freq.

Independent B SE β T P

Basic model BMI  βcannabis 0.006 0.002 0.142 3,521 <0.0005**

   βage 0 0 -0.07 -1.769 0.077

   βgender -0.001 0.002 -0.026 -0.64 0.523

rs1130214 G/T 266 (22.2%)       

model I   βcannabis,I 0.070 0.077 0.044 0.913 0.361

model II   βSNP,II 0.001 0.001 0.040 0.837 0.403

model III   βSNP,III 0.001 0.001 0.032 0.690 0.491

   βcannabis,III 0.007 0.002 0.171 3.607 <0.0005**

rs1130233 G/A 233 (19.1%)  

model I   βcannabis,I 0.156 0.070 0.106 2.221 0.027*

model II   βSNP,II 0.001 0.001 0.039 0.834 0.405

model III   βSNP,III 0.001 0.001 0.022 0.468 0.640

   βcannabis,III 0.007 0.002 0.168 30561 <0.0005**

rs2494732 T/C 393 (32.3%)       

model I   βcannabis,I 0.251 0.080 0.149 3.148 0.002**

model II   βSNP,II 0.001 0.001 0.021 0.449 0.654

model III   βSNP,III 0 0.001 -0.004 -0.077 0.939

   βcannabis,III 0.007 0.002 0.170 3.578 <0.0005**

rs2498784 C/T 87 (7.3%)       

model I   βcannabis,I 0.042 0.047 0.044 0.913 0.362

model II   βSNP,II -0.002 0.002 -0.048 -1.0016 0.310

model III   βSNP,III -0.002 0.002 -0.055 -1.188 0.236

rs3730358 C/T 140 (16.6%)

model I   βcannabis,I 0.085 0.058 0.070 1.466 0.143

model II   βSNP,II 0.002 0.002 0.052 1.112 0.267

model III   βSNP,III 0.001 0.002 0.041 0.877 0.381

   βcannabis,III 0.007 0.002 0.167 3.551 <0.0005**

rs3803300 G/A 76 (6.5%)       

model I   βcannabis,I 0.058 0.048 0.059 1.198 0.231

model II   βSNP,II -0.001 0.002 -0.013 -0.273 0.785

model III   βSNP,III -0.001 0.002 -0.023 -0.473 0.636

   βcannabis,III 0.007 0.002 0.164 3.397 0.001**
Model I: Cannabis = β0 + SNP + age + gender. Model II: BMI = β0 + SNP + age + gender. Model III: BMI = β0 + SNP 
+ cannabis + age + gender. SE= standard error. **Signifi cant at 0.01 level. 

Supplementary Table 1: Results of regression analyses (eff ects of age and gender are not 
reported for most analyses)

    5

        Cannabis and a lower BMI in psychosis: what is the role of AKT1? 

Layout Proefschrift.indd   87 13-9-2016   22:08:42



88

Model Independent B SE β T P

Basic model HbA1c βcannabis -0.024 0.031 -0.036 -0.795 0.427

 βage -0.001 0.002 -0.023 -0.499 0.618

 βgender -0.055 0.032 -0.080 -1.737 0.083

Supplementary figure 1: Regional LD plot AKT1 SNPs

Supplementary Table 2: Results of regression analysis for HbA1c
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