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ABBREVIATIONS INDEX 

 

ABCB1: adenosine triphosphate (ATP)-binding cassette (ABC) subfamily B member 1 

AE: Adverse Event 

ASD: Autism Spectrum Disorder 

BMI: body max index 

COMT: catechol-O-methyltransferase 

CYP2D6: cytochrome P450 2D6 

DSMV: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition 

EM: extensive metabolizer 

HGUDrB: Hospital General Universitario Doctor Balmis 

HTZ: heterozygous 

IQ:  Intelligence Quotient 

MUT: mutant 

PCR: Polymerase chain reaction 

P-GP: P-glycoprotein 

PGx: pharmacogenomics 

PM: poor metabolizer 

SD: standard deviation 

SNP: Single nucleotide polymorphisms 

UKU (Scale): Udvalg fur Kliniske Undersogelser Scale 

UM: ultra-rapid metabolizer 

UMH: Universidad Miguel Hernández 

W/O: without 

WT: wild type 

yo: years old 
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TABLES AND FIGURES INDEX 

 

Table 1. Demographic and Pharmacological data (n=72). 

Table 2. Number of Adverse Events (AE, n= 34) from the UKU scale results. 
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Table 4. P-values obtained when correlating genotype and AEs expanding DOP*2 information 
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Figure 1. A) Function of ABCB1 both WT and MUT regarding drug transportation in the brain. B) 

Structure of D2-like dopamine receptor. C) CYP2D6 PM and UM intervention in drug metabolism with 

less active metabolites.  

Figure 2. Theoretical implementation in clinical practice at Generalitat Valenciana (GVA) from 

Pharmacogenetic (PGx) Platform to using validated test as UKU scale in order to detect and prevent 

Adverse Events (AEs) [own creation figure]. 

Figure 3. Diagram of the study population. 

Figure 4. Cronogram of the activities carried out by the author of present Final Degree Project.  
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ABSTRACT 
 

Introduction: Up to 73% of individuals with autism spectrum disorder (ASD) and intellectual disability 

(ID) currently have prescriptions for psychotropic drugs. This is explained by a higher prevalence of 

medical and psychiatric chronic comorbidities, which favors polypharmacy and increases the 

probability of appearance of adverse events (AE) that are a preventable cause of harm to patients and 

an unnecessary waste of healthcare resources.  

Objective: To study the impact of pharmacogenetic markers on the appearance of AD in the population 

with ASD and ID. 

Methods: This is a cross sectional, observational study (n=118) in ASD and ID population. 

Sociodemographic and pharmacological data was gathered. The UKU Scale was used to identify AEs 

secondary to the use of psychotropic medication. Finally, polymorphisms of DOP2, ABCB1, COMT and 

CYP2D6 were genotyped, and correlated with the AE to find candidate genes.  

Results: Most of the study population were men (75%) with multiple comorbidities and polypharmacy 

being the most frequently prescripted drug antipsychotics (69%) presenting nearly a third of the 

patients (21%) 4 or more AEs related to psychotropic drugs. The most common were “Neurological” 

and” Psychiatric” (both 41%).  Statistical analysis results suggest a significant correlation between the 

neurological symptoms and DOP2, given that they are not equally distributed between the DOP2 allelic 

variants. We found no other significant correlations.  

Conclusion: A possible correlation between neurologic AE and polymorphisms of DOP2 was observed 

that could contribute to the safety profile of this ASD and ID population´s prescriptions. Following 

studies are underway to maximise statistical power with a bigger sample size.  

KEY WORDS: Autism Spectrum Disorder, Intellectual Disability, Pharmacogenetics, Adverse events, 
Polypharmacy, Dopaminergic System.  
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RESUMEN 
 

Introducción: Hasta el 73% de los pacientes con Trastorno del Espectro Autista y Discapacidad 

intelectual tienen prescripciones activas para fármacos psicótropos. Esto se explica por la mayor 

prevalencia de comorbilidades crónicas, tanto médicas como psiquiátricas, que presenta esta 

población, favoreciendo la polifarmacia e incrementando la probabilidad de aparición de efectos 

adversos (EA) que son una causa prevenible de daño a los pacientes y un gasto de recursos sanitarios.   

Objetivo: Estudiar el impacto de marcadores farmacogenéticos en la aparición de EA en población con 

TEA y DI. 

Métodos: Se trata de un estudio transversal y observacional (n=118) en población con TEA e ID. Se 

recogió información farmacológica y sociodemográfica de los pacientes. La escala UKU fue utilizada 

para registrar eventos adversos secundarios al uso de medicamentos psicótropos. Finalmente, 

polimorfismos de DOP2, ABCB1, COMT y CYP2D6 se genotiparon y correlacionaron con los EA.  

Resultados: La mayor parte de los participantes (75% hombres) presentaron múltiples comorbilidades 

y polimedicación, siendo los fármacos más empleados los antipsicóticos (69%) presentando cerca de 

un tercio de los pacientes (21%),  4 o más EAs asociados a fármacos psicótropos. Los más comunes 

fueron neurológicos y psiquiátricos (41% ambos). Los análisis fueron significativos, y sugieren por tanto 

una correlación entre las diferentes variantes alélicas de DOP2 y los EA Neurológicos. No encontramos 

otras asociaciones significativas. 

Conclusión: Se observó una posible correlación entre EA neurológicos y polimorfismos DOP2 que 

podría contribuir a comprometer la seguridad del perfil farmacológico de estos pacientes con TEA y DI. 

Se están realizando más estudios para maximizar el poder estadístico con un tamaño de muestra más 

grande. 

PALABRAS CLAVE: Trastorno del Espectro Autista, Discapacidad Intelectual,  Farmacogenética, Eventos 

Adversos, Polifarmacia, Sistema Dopaminérgico.  
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1- INTRODUCTION 
 

ASD is a lifelong neurodevelopmental disorder that involves deficits in social interactions and 

repetitive/restricted behaviours. (1) The estimated global prevalence is 1-2%, varying widely among 

different countries and ethnicities. Numerous studies have reported an increasing tendency, that is 

expected to keep growing in the coming years, positioning this pathology as a focal point of public 

health. (2) ID is defined as a deficit in adaptive functioning. Both cause impairment in different areas 

and are often diagnosed during the developmental period. ID and ASD co-occur in up to 30% of the 

cases. (1, 3, 4) 

These patients usually have prescriptions for psychotropic drugs, in the context of symptomatic 

treatment for irritability or behaviour disorders. (5) The concept of psychotropic drug refers to any 

substance capable of affecting the central nervous system and alter its functioning. Those prescriptions 

in this population increase with age and polypharmacy rates vary from 5 to 55%. (3,5) Both 

polimedication and the presence of several co-morbid conditions (6) are very common, which elevates 

the appearance of drug-drug interactions and AEs such as weight gain, motor disorders, 

hyperprolactinemia or similar. (7, 8)  

Given the complexity of managing multiple drugs, increasing adherence to treatments and overall 

raising the quality of life of these patients; pharmacogenomics and pharmacogenetics are transpiring 

as a novel approach. (9) 

Pharmacogenetic markers with potential clinical use 

Pharmacogenetics intends to customize treatment according to the genetic profile of the patient. In 

the last decade, it has surfaced as an option for individualized medicine, having an effect in drug 

metabolism, efficacy and safety. (9) As to the candidate genes in this study, they are mostly related to 

the dopaminergic system. DOP2 (that codifies for the dopamine receptor D2) is involved in the action 

mechanism of various psychotropic medications. (10) What´s more, COMT is an enzyme that 
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participates in the metabolism of dopamine (dopamineCOMT3-Methoxytyramine) (11), and the 

phenotypes of CYP2D6 (cytochrome of the P450 family) are involved in the metabolism of several 

drugs, as well as posing a risk for drug-drug interactions. (12) On the other side, ABCB1, also known as 

the multidrug resistance protein 1, codifies for P glycoprotein, which acts as one of the main 

transporters for these medications to the brain. (13)  All of them can be seen at Figure 1. 

 

 

 

 

 

 

 

 

 

Figure 1. A) Function of ABCB1 both WT and MUT regarding drug transportation in the brain. B) Structure of D2-

like dopamine receptor. C) CYP2D6 PM and UM intervention in drug metabolism with less active metabolites. 

WT:wild type. MUT: mutant. PM: poor metabolizer. UM: ultra-rapid metabolizer. 

 

Given the distressing rates of comorbidity and polimedication in ASD and ID, not always resulting in 

effective treatments and often associating relevant AEs; more studies that aim to identify outcome 

and adverse events (AEs) deciding genetic variables are warranted, and could eventually transform 

into reliable methods for treatment selection. Here, pharmacogenetic markers could help to prevent 

AEs in vulnerable population.  

 

tsi
Poner la fuente de origen d ela figura. Referencia 😊
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This could improve drug tolerability pattern and cost to the Health System as seen at Figure 2.  

 

 

 

 

 

 

 

 

 

Figure 2. Theoretical implementation in clinical practice at Generalitat Valenciana (GVA) from 
Pharmacogenetic (PGx) Platform to using validated test as UKU scale in order to detect and prevent 

Adverse Events (AEs) [own creation figure]. 

 

Briefly, the implementation of pharmacogenetic interventions could have the potential to significantly 

improve the clinical outcomes in severe comorbid ASD populations with drug treatment resistance and 

poor prognosis. 
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2- HYPHOTESIS & OBJECTIVE 
 

2.1. Hypothesis: 

There is a wide interindividual variability in treatment outcome and safety when it comes to 

psychotropic medication. This can be explained by polypharmacy and drug-drug interactions, 

comorbidities and underlying illnesses, and pharmacogenetics.  Certain genetic variants of genes 

involved in the pharmacokinetics and pharmacodynamics of psychotropic drugs could affect the safety 

of pharmacological profiles and predict the appearance of AEs.  

2.2. Objective: 

Main objective:  

To study the impact of pharmacogenetic markers on the appearance of AEs in the population with ASD 

and ID. 

Secondary objectives:  

1. Describe the population characteristics and pharmacological profile.  

2. Identify and register AEs in this ASD and ID population. 

3. Define the impact of pharmacogenetics in AEs occurrence.  
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3- MATERIALS & METHODS  
 
3.1- STUDY DESIGN 
 

This is a cross sectional, observational study both descriptive and analytic in San Rafael Center (Santa 

Faz, Alicante) and Infanta Leonor Center. The study is divided according to two main objectives: to 

describe the characteristics of the study population, and to analyze a small sample of the group 

statistically in order to correlate the data. This is shown in Figure 3.  

 

Figure 3. Flow diagram of the study design and population inclusion. 

3.2- PARTICIPANTS 
 

The subjects come from residential facilities located in Spain, and were selected following these  

criteria: 

The inclusion criteria were:  

-18 years old or above. 

- Have a diagnosis of ASD as established by the DSM-5. 

- Have a diagnosis of an intellectual disability (IQ <70 score). 

- The patient/legal representative received, understood and signed the consent form. 
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The following exclusion criteria were applied: 

- Patients with a medical condition or development of their pathology that made it difficult to 

participate.  

- All participants could withdraw at any time.  

To select the patients used for subsequent statistical analysis, they had to meet one additional criteria: 

have availability of all the data, that is, pharmacological, genetical, demographic and AE scale. A total 

of 16 patients were eligible candidates when these criteria were applied.   

3.3- VARIABLES 
 

(A) Sociodemographic and pharmacology data 

Demographic data including age, sex, cardiovascular risk factors, medical comorbidities and toxic 

habits was obtained during routine clinical visits. 

Information regarding the pharmacological treatment and active prescriptions of the patients between 

November 2019 and April 2020 were collected using the program “Abucasis”; this data was gathered 

coinciding with the moment where the UKU Scale (ANNEX I) was filled. Drugs were classified according 

to the main indication available in each technical data sheet.  For this study, we considered 

antipsychotics, anxiolytics, antidepressants and anticonvulsants. 

(B) Adverse events 
 

The difficulties in communication and the introspection characteristic to these patients should be 

taking into consideration. Tveter, Bakken et al. (15) proposed an adjustment of this scale that classified 

the symptoms regarding observability and difficulty to score by the nurses and experts.  Therefore, to 

evaluate the presence of AE, an adaptation to the UKU Scale for patients with intellectual disability 

was used.  

 

https://www.linguee.es/ingles-espanol/traduccion/availability.html
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This scale constitutes a measurement of the secondary events both physical and psychic that the intake 

of psychotropics drugs can produce. There are no cut-off points to this scale; the higher the mark, the 

more severe the AEs are. The modified scale focused on “The single symptom rating scale”, covering 

four different areas: psychic, neurological, autonomic and other side effects. (14)   

Each of the items were scored as follows: 0: not present, 1: very occasionally present, 2: present in a 

mild degree, 3: present twice a week, 4: present 4 times a week, 5: present every day, 99: not 

appropriate or relevant.  

(C) Pharmacogenetics Variable 
 

The analysis of the polymorphisms of dopaminergic receptor genes was performed, including DOP, 

COMT, ABCB 1.1, ABCB1.2 and CYP2D6 from samples donated to Biobank (ANNEX IV). The Kit for DNA 

extraction of blood samples was used, and the samples were analysed through TaqMan1, using a real-

time PCR system (Thermo Fisher Scientific Inc). The phenotype of CYP2D6 was calculated, obtaining 

three kinds of metabolizers: poor (PM), extensive (EM) or ultra-rapid (UM).  

All was done at research group "Neuropharmacology applied to pain and functional diversity" Institute 

of Sanitary and Biomedical Research of Alicante (ISABIAL) located near Doctor Balmis General 

University Hospital (HGUDrB). This allows the clinical and biomolecular research, directing the 

Pharmacogenetics Platform. All the samples were donated to the Biobank who did support in 

genotyping.  
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3.4- STATISTICAL ANALYSIS  
 

The optimal sample size has not been calculated due to the lack of accessibility to a larger number of 

patients; taking into consideration the features of the studied pathology.   

The symptomatology scale (psychiatric, neurological, autonomic, or similar) has been categorized as a 

dichotomous variable (presents symptoms yes/no) for each symptomatic group. Each genes allele has 

been categorized as a qualitative variable of 3 categories (the heterozygous variable and two 

homozygous variables for the given allele). This gives us a resulting statistical analysis when combining 

each dichotomous variable of the symptomatic groups with qualitative variables (3 categories) of allele 

variants. 

To prove if there are significant differences in a binary variable between more than 3 independent 

groups, it is common to use the Chi Square test, however in our model there is only n<30 subjects 

obtaining expected values lower than 5; therefore the Chi Square test is not viable (statistical 

significance could not be achieved complying with both conditions).  

Given the above, the Freeman Halton extension of the Fishers Exact Test has been used to calculate 

the probability (two-tailed) to obtain a value distribution in a contingency table, given the observations 

on each cell. 

This results in a series of statistical analysis (4 symptomatic groups yes/no) x 5 genes (DOP2, ABCB1.1, 

ABCB1.2, COMT, CYP2D6) =20 hypothesis contrasts with their associated p values which are presented 

as shown in the Table 5.  

Finally, we used the software “R” to calculate a binary logistic regression model considering as 

dependent variable Neurological AEs (considered as a dichotomous variable), and as independent 

variables DOP2 (TT) and pharmacological data. 
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3.5- CRONOGRAM 
 

The following cronogram show all the activities developed in this project from 2021 until now. From 

literature research to the statistical analysis, Mrs. Laura de Miguel participated in all steps actively 

collaborating in the ISABIAL research group and personally going to the health care center for the study 

population inclusion, as shown in Figure 4. 
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Preliminary literature 
research 

 

Fieldwork: gathering of 
sociodemographic and 

pharmacological information 

 

Fieldwork: blood samples 
from facilities 

 

Genotyping of samples   

Development of the data base  

Processing of the data and 
statistics 

 

Linking results with available 
literature and final report 

 

 

   : Visit to S.Rafael Centre 

   : First encounter and incorporation to the project (Oct) 

Figure 4. Cronogram of the activities carried out by the author of the present Final Degree Project. 

 

3.6- ETHICS APPROVAL AND CONSENT 
 

The Protocol has been approved by the Ethics Committee of HGUDrB (ANNEX II) and due the 

Responsible Investigation Office of the UMH (ANNEX III); and it has been carried out following the 

current legislation. All patients and/or legal representatives signed the consent form. Laura de Miguel 

was incorporated as active collaborator researcher. 
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4- RESULTS

4.1. Demographic and Pharmacology data 

Patients´ demographics are presented in Table 1. The 

majority of the study population were men, 

representing a 75% of the total (54 patients). Among the 

cardiovascular risk factors (CVRF), the most common 

was dyslipidaemia (21%). None of the patients referred 

toxic habits (including smoking, alcohol consumption 

and other drugs). Regarding their comorbidities, the 

most frequent was presenting five or more additional 

comorbidities, with a 29% representation over the total. 

 The most prescribed drugs were antipsychotics with a 

69%, specifically risperidone (24%) being the most 

prescribed among them. The most frequently used 

anticonvulsant was valproic acid (15%); antidepressant 

was fluvoxamine (8%) and finally clonazepam stands out 

between the anxiolytics (12%). 

4.2.  Adverse events number 

The most reiterated was the absence of AE (29%), 

followed by the occurrence of 4 or more AE (21%) as 

shown in Table 2. 

Table 1. Demographic and pharmacology data 
(n = 72)                                                    N   (%) 

Sex 
Man 54(75%) 

Woman 18(25%) 

Age average/standard dev 39,1 /±13,2 

CVRF 

Dyslipidemia 15(21%) 

Obesity 14(19%) 

Diabetes 4(5%) 

Hyperthension 4(5%) 

Comorbidity 

Without 4(5%) 

1 8(11%) 

2  9(12%) 

3  16(22%) 

4  14(19%) 

5 or more 21(29%) 

Drug group 

Antipsychotics 81(69%) 

Antidepressant 19(14%) 

Anticonvulsants 41(31%) 

Anxiolytics 19(9%) 

Without 15(13%) 

Number of 
drugs 

1 drug presc. 22(19%) 

2  drug presc. 27(23%) 

3  drug presc. 25(21%) 

4  drug presc. 13(11%) 

5 or more 16(14%) 

Table 2. Number of Adverse Events (AE,n= 34) 
from the UKU scale results.                     N ( %)

Number of AE´s 

Without AE 10(29%) 
1 AE 6(18%) 
2 AE 6(18%) 
3 AE 5(15%) 
4 or more 7(21%) 

Number of AE 
by AE group 

Psychiatric 14(41%) 
Neurological 14(41%) 
Autonomic 12(35%) 
Other 12(35%) 
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The most usual were the Neurological AE, especially the epileptic seizures (41% of them) and the 

Psychiatric AE, being the most common of them the appearance of tension/restlessness with a 48% of 

the cases. Regarding the Autonomic AE, constipation stands out with a 55% of the cases.  

4.3. Pharmacogenetics data 

Most of the study population was 

heterozygous for the DOP2 gene (39%) as 

well as for the ABCB 1.2 (42%). On the other 

hand, the majority of the subjects were 

classified as Wild Type for the ABCB 1.1 

gene (79%). As for the results for COMT, the 

most common was mutant with a 25% over 

the total. Finally, 65% of the total 

presented an Extensive metabolizer 

classification in the CYP2D6 Activity Score. 

All can be seen at Table 3.  

As explained previously, once the 

descriptive of our data was completed, we 

selected a subgroup of the population. The 

data analysis performed in those 16 

subjects is presented below. To see more 

details, please see ANNEX V and VI. 

 

 

Table 3. Descriptive of the population´s genotyping 
results (n= 100). 

DOP2  
rs6277  

WT(CC) 37 37% 
MUT (TT) 16 16% 
HTZ (CT) 39 39% 
W/O data 8 8% 

Alleles 
  

C 113 143% 
T 71 39% 

 
COMT  
rs4680 

WT(GG) 21 21% 
MUT (AA) 25 25% 
HTZ (GA) 5 5% 
W/O data 49 49% 

Alleles 
  

G 47 46% 
A 55 54% 

  
ABCB1.1 
rs2032582   

WT(GG) 79 79% 
MUT(TT) 0 0% 
HTZ(GT) 2 2% 
W/O data 19 19% 

Alleles 
  

G 160 99% 
T 2 1% 

  
ABCB1.2 
rs1045642   

WT(CC) 20 20% 
MUT(TT) 20 20% 
HTZ(CT) 42 42% 
W/O data 18 18% 

Alleles 
  

C 82 50% 
T 82 50% 

CYP2D6 

PM 5 5% 
EM 71 65% 
UM 4 4% 
W/o data 20 26% 
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When correlating the sociodemographic information with the registered AE, we found that the people 

that were being administrated between 1 and 3 drugs simultaneously showed more AE. Even so, none 

of the related facts showed a significative statistical difference. The correlated data is shown in ANNEX 

VI. We also established the relation between the genotype and the registered AEs, and did the 

statistical analysis as described previously. The results (p values) are presented in Table 4.  

 

Table 4. P-values obtained when correlating genotype and AEs expanding DOP*2 information 

p-vaue DOP*2 COMT ABCB1.1 ABCB1.2 CYP2D6 
Psyquiatric AE 1 0,3 1 0,4 1 
Neurological AE 0,01 0,06 1 0,8 1 
Autonomic AE 0,3 0,3 1 1 1 
Other AE 0,8 0,3 1 0,8 1 

 

 

 

 

The probability of finding the given results in this study, assuming that the null hypothesis is true (that 

is, the psychiatric symptoms are equally distributed between the 3 different alleles of the DOP2, 

ABCB1.1, ABCB1.2, COMT AND CYP2D6 genes in our sample) it’s presented in the table. Given that p is 

>0, 05 in all those cases, we found no statistical significance for these associations and therefore we 

assume that these results could be explained by chance (random error).  

The same occurs when interpreting the results obtained for Neurological, Autonomic and Other AEs in 

all the analysed genes, with the exception of DOP2 when correlated to Neurological AEs, as explained 

hereafter. Given that p<=0, 05 (5% possibilities of Ho being true in our sample), the relation between 

neurological symptoms and DOP2 alleles is statistically significant, that is, the neurological symptoms 

are not equally distributed between the DOP2 alleles, which will require further analysis to establish  

Alleles of DOP*2 (p-value) 

 CT TT CC 
Neurological AE 1,00 0,02 0,04 
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where exactly these differences are found (in which allele, the higher probability of presenting a 

Neurological symptom).  

Finally, Table 5 displays the result of the binary logistic regression model where no significant 

correlations were found between the studied variables.

 

Table 5. Binary regression model. Neurological AEs: dependent variable. DOP2, prescriptions and 
medication group as independent variables (n=16). 
 Estimate P-value 

Neurological AEs  
(dependent variable) 

 

DOP2 (MUT) -19.48758 1 
 ≥ 3 Coprescriptions 1.83638 0,8 
Anticonvulsant 0.31493   0,2 
DOP2 (MUT) -38.222 1 
≥3 Coprescriptions 2.079 0,2 
Antipsychotic -20.181 1 
DOP2 (MUT) -1.926 1 
≥3 Coprescriptions 9.163 0,5 
Antidepressive 1.369 1 
DOP2 (MUT) -1.957 1 
≥3 Coprescriptions 1.099 0,5 
Ansiolytic 1.910 1 
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5- DISCUSSION 
 

The majority of the ASD and ID population presented multiple comorbidities and polypharmacy mostly 

due to antipsychotics. Nearly a third of the patients showed 4 or more AEs related to psychotropic 

drugs where DOP2 allelic variants could influence on Neurologic AEs.  A pharmacoeconomic study 

could be carried out from the perspective of the National Health System to assess the clinical 

translation of an anticipate dopaminergic genotyping in this vulnerable population. 

We should consider that literature concerning general health conditions of adults with ASD are scarce. 

In this study, the mean age was 39 yo, being higher than most published studies with a predominantly 

masculine population, in a similar way of prior data. ASD is more prevalent in males than females. 

Previous research indicates females camouflage ASD symptoms more than males, potentially 

contributing to the difference in prevalence. (6, 11, 16) This should be carefully analysed through a sex and 

gender perspective analysis.  

 Though the study population resided in facilities and therefore no substance abuse was reported, it 

has been stated that the risk of tobacco/alcohol/drug abuse is lower in ASD adults. Croen et al. found 

a significant increase in the prevalence of notable chronic conditions in ASD subjects compared with 

controls, being comorbidity the general rule. The number of comorbidities was consistent with our 

results, nonetheless the order of importance amongst cardiovascular risk factors differed, being 

dyslipidaemia the most common in comparison with other studies that positioned obesity and 

hypertension as the primary factors. (6, 16)   

Regarding the pharmacological profile of our population, we found consistent results with other 

studies, where the most commonly prescribed medication were antipsychotics, standing out between 

them risperidone. Nevertheless, those studies reported the use of 3 or more drugs simultaneously in 

approximately 10% of the patients, whereas in our project the amount of patients in this situation rose 

up to 46%. (2, 17) 
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Adverse events and Pharmacogenetic data 

The AE results of this analysis are along the lines of prior cases such as those of Puagnpecht et al., were 

they established neurological AEs as the most common, though in the present analysis they are 

matched by psychiatric AEs. However, they stated that the most usual amongst them was tremor 

instead of seizures. Between the psychiatric AEs, somnolence was the most frequent whereas for us it 

was restlessness. (8) In respect to the results of CYP2D6 genotyping, the proportion of PM, EM and UM 

was similar to other studies. (17) When analysing these phenotypes and the AE we found no significant 

relation, as opposed to previous studies. Correia et al. reported higher weight gain when comparing 

EM with UM subjects, with a 4,8% lower BMI in the latter. (18) 

In respect to other AE, there are several studies in prolactin elevation related to prescription of 

psychotropic drugs (which effects we have included under “Other AE”). Sukasem et al. did not find 

significant differences in prolactin levels when comparing CYP2D6 genotypes, which supports our 

results. However, Roke et al. concluded that ultra-rapid metabolizers had lower serum prolactin levels 

than the other fenotypes; and Ngamsamut et al. inferred that patients with poor CYP2D6 activity had 

greater levels of risperidone rather than 9 hydoxirisperidone, and therefore higher prolactin levels, 

translating those levels into the previously appointed AEs. (17) 

Neurological AEs (such as hypokinesia, akathisia or other movement disorders) have not been 

significantly correlated with CYP2D6 phenotypes in most studies, which is consistent with our results. 

Cabaleiro et al., Dodgen et al., Bozina et al. and Novalbos et al. reported no association, though the 

studies were conducted in healthy volunteers or risperidone-taking patients with a different diagnosis 

than ASD. A single study by De Leon et al. showed significant results when correlating neurological and 

extrapyramidal AE, though the results must be carefully interpreted due to the reduced sample size. 

Altogether, having a decrease activity of this enzyme is related to elevated plasma levels of some 

psychotropic drugs, higher incidence of side effects as weight gain or hyperprolactinemia, and may 

result in discontinuation of treatment. (8) 
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The genotype frequencies of ABCB1 were similar to previous studies located in Spain (13). T allele of 

ABCB1.2 has been associated with a lower expression of P-gp (present in the blood brain barrier), 

resulting in higher concentrations of medications that constitute a substrate to this protein, as several 

antidepressants and antipsychotics. These increased drug levels in plasma, and expecially in the brain 

surpassing the recommended range could be associated with more side effects. However, other 

studies have failed to establish a clear association. Mutant (TT) polymorphism patients showed more 

insomnia and fatigue than C allele carriers, as reported by Lin et al.; though these results have not been 

replicated. (19) The wild type and heterozygous variants of ABCB1.1 has been associated with higher 

antidepressant plasma levels, though they did not reach a significant result in appearance of AE or 

treatment response. (20) These results match our own, having found no significant associations 

between ABCB1 genotypes and AE, taking into consideration that we found no studies with a similar 

population whose aim was to correlate these two variables.  

When analysing the COMT gene, we found that 25% of our population was mutant (AA), as opposed 

to previous studies, at the expense of heterozygous subjects. (11, 21) COMT has been associated with 

elevated proportions of tension/restlessness, anxiety and depression in individuals not diagnosed with 

ASD. However, this was not supported when performing studies in ASD polimedicated patients, which 

is consistent with our result, having found no significant correlation between psychiatric symptoms 

and COMT polymorphisms. (22) Esmaiel et al. reported the mutant variant of COMT being associated 

with increased levels of dopamine and abnormalities in EEG, suggesting a significantly elevated 

prevalence of epilepsy as well as a decreased seizure threshold which could result in more motor and 

neurological AE. However, more analysis are needed; and these results are not coherent with our own.  

Finally, in respect to DOP2, there are very few studies despite it being a crucial candidate gene. (23) It 

has been associated with motor disorders and pathophysiology of ASD; but to this date there aren´t 

studies aiming to correlate AE with allelic variants, except two studies with inconclusive results on 

hyperprolactinemia when treated with risperidone. (3, 23, 10) To the present day, we have not found 

studies correlating autonomic AEs with patient´s genotype. (17) 
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6- LIMITATIONS AND FUTURE RESEARCH 
 

6.1- LIMITATIONS 

The main limitations were the sample size of the statistically analysed group that translated into lower 

statistical power. Also, the difficulties of separating symptoms due to the underlying illness to those 

caused by medications; as well as identifying some of the items of the UKU Scale that were categorized 

as “not easily observable” by the healthcare professionals.  

Concerning the application of a pharmacogenetics testing approach to daily clinical practice, several 

studies have assessed the acceptability and feasibility of this practice. (24, 25, 12) The identification of 

genetic variants of enzymes, receptors and transporters may provide useful information for dosage 

and duration of treatment; as well as predictions on therapy outcomes and side effects. Currently, 

specific factors or AE are being targeted to estimate relevance of certain genes, though in the future 

we can expect the development of panels addressing general characteristics, faster screening methods 

and protocols for applying these findings. (25, 26, 27) 

6.2- FUTURE RESEARCH 

The ISABIAL Pharmacogenetics Platform applied to Research was created through prior investigation 

projects also concerning pharmacogenomics of ASD and ID population, and is currently offering 

support to projects working with genetic markers associated with medications; such as the testing of 

PGx in chronic pain in ASD population or the continuation of this project itself. The creation of 

platforms such as this one provides infrastructure and resources in the process of implementing this 

practice. To sum up, the study of pharmacogenetics in ASD and ID population is booming, emerging as 

an innovative perspective for personalized medicine. A pharmacoeconomic study could be carried out 

from the perspective of the National Health System to assess the clinical translation of an anticipate 

dopaminergic genotyping. Upon next conclusion, we intend to send it to Autism (IF: 6.68), for publishing 

consideration.   
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7- CONCLUSIONS 
 

1. The majority of the study population were men with multiple comorbidities, amongst which 

the most prevalent was dyslipidaemia. Most of them took 2 or 3 medications simultaneously, 

and the most frequently prescribed were antipsychotics. These findings are supported by 

previous studies with similar results and should analysed through a sex/gender perspective. 

 

2. The highest percentage of a third of the subjects had no AE  but near a quarter presented 4 or 

more, mostly related to Neurological and Psychiatric areas, specifically epileptic seizures and 

restlessness. This different safety profile should be deeper analysed through Personalized 

Medicine. 

 

3. Statistical analysis results suggest a significant correlation between the neurological symptoms 

and DOP2, given that they are not equally distributed between the DOP2 alleles. Following 

studies are underway to maximise statistical power with a bigger sample size, which we expect 

will corroborate these results or suggest new hypothesis.   
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ANNEXES 
ANNEX 1.  UKU SCALE 
 

GUIA DE VALORACIÓN DE EFECTOS SECUNDARIOS DE 
MEDICACIÓN 

Servicio de Psiquiatría  
Fecha:  
NOMBRE:  
SIP:  
  
 

Efectos secundarios  Puntuación según 
gravedad  

  Observaciones  

EFECTOS PSÍQUICOS  0  1  2  3  4  5    
Dificultad de concentración            
Astenia/lasitud/fatigabilidad         
Alteraciones mnésicas         
Somnolencia /sedación         
Depresión         
Tensión/inquietud         
Aumento de la duración del sueño         
Aumento de los sueños         
Indiferencia emocional         
EFECTOS NEUROLÓGICOS           

  
 
  
  
  
  

Distonía         
Convulsiones epilépticas         
Parestesias         
Hipocinesia/acinesia         
Hipercinesia         
Temblor         
Acatisia         
Rigidez         
EFECTOS AUTONÓMICOS           
Trastorno de la acomodación         
Aumentos de la salivación         
Disminución de la salivación         
Náusea/vómito         
Diarrea         
Estreñimiento         
Alteración de la micción         
Vértigo ortostático         
Poliuria/polidipsia         
Palpitaciones /taquicardia         
Aumento de la sudoración         
OTROS EFECTOS           

  
  
   

Exantema         
Prurito         
Fotosensibilidad         
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N/P: no procede.    0: No presenta.   1: Muy ocasionalmente.   2: Ocasionalmente    3: 2 veces por semana     4: 4 veces por semana   5: 
Todos los días.  
  
  

Aumento de la pigmentación           
  
  
  
  
  
  
  
  
  
  
 

Aumento de peso         
Pérdida de peso            
Amenorrea            
Galactorrea            
Ginecomastía            
Disfunción eréctil            
Disfunción eyaculatoria            
Disfunción orgásmica            
Alteración del deseo sexual            
Disfunción de la lubricación vaginal            
Cefalea            
Dependencia física            
Dependencia psíquica            
Tensión Arterial            
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ANNEX 2.  ETHICAL APPROVAL 
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ANNEX 3.  COIR REGISTRATION 
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ANNEX 4.  CONSENT FORM BIOBANK SAMPLES 
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ANNEX 5. GENETIC ANALYSIS INFORMATION. CYP2D6 PHENOTYPE. 
 

 

  

SNP    Nº Casos %  

rs1080985 CYP2D6*2     

  WT(CC) 55 55% 

  MUT(GG) 9 9% 

  HTZ(CG) 32 32% 

  Sin Info (vacias) 4 4% 

Alelos C 142   

  G 50   

rs35742686 CYP2D6*3     

  WT(Del) 0 0% 

  MUT(AA) 84 84% 

  HTZ(DelA) 2 2% 

  Sin Info (vacias) 11 11% 

Alelos Del 2   

  A 170   

rs3892097 CYP2D6*4     

  WT(GG) 57 57% 

  MUT(AA) 5 5% 

  HTZ(GA) 32 32% 

  Sin Info (vacias) 6 6% 

Alelos G 146 78% 

  A 42 22% 

rs5030655 CYP2D6*6     

  WT(TT) 94 94% 

  MUT(Del) 0 0% 

  HTZ(TDel) 0 0% 

  Sin Info (vacias) 6 6% 

Alelos T 188 100% 

  Del 0 0% 

rs1065852 CYP2D6*10     

  WT(CC) 53 53% 

  MUT(TT) 10 10% 

  HTZ(CT) 29 29% 

  Sin Info (vacias) 5 5% 

Alelos C 135 73% 

  T 49 27% 

SNP    Nº Casos %  

rs28371706 CYP2D6*17     

  WT(CC) 89 89% 

  MUT(TT) 0 0% 

  HTZ(CT) 2 2% 

  Sin Info (vacias) 9 9% 

Alelos C 180 99% 

  T 2 1% 

rs59421388 CYP2D6*29     

  WT(GG) 91 91% 

  MUT(AA) 0 0% 

  HTZ(GA) 1 1% 

  Sin Info (vacias) 8 8% 

Alelos G 183 99% 

  A 1 1% 

rs769258 CYP2D6*35     

  WT(GG) 87 87% 

  MUT(AA) 0 0% 

  HTZ(GA) 8 8% 

  Sin Info (vacias) 5 5% 

Alelos G 182 96% 

  A 8 4% 

rs28371725 CYP2D6*41     

  WT(GG) 81 81% 

  MUT(AA) 3 3% 

  HTZ(GA) 8 8% 

  Sin Info (vacias) 8 8% 

Alelos G 170 92% 

  A 14 8% 



ANNEX 6. CORRELATION BETWEEN SOCIODEMOGRAPHIC AND ADVERSE EVENTS DATA 
 

 

  
EA Total EA Psíquicos EA Neurológicos EA Autonómicos Otros EA 

  Con Sin Con Sin Con Sin Con Sin Con Sin 

Edad Media 
 46,43 / 12,13   56 / 11,36   46,5 / 7,33   51,17 / 14,96   54,14 / 9,96   46,69 / 13,22   46,11 / 11,87   51,91 / 12,74   42,4 / 10,25   51,6 / 12,59  

Sexo 
  

Mujer 5 3 4 4 2 6 3 5 3 5 
Hombre 9 3 4 8 5 7 6 6 2 10 

Nº Farmacos 
  
  

Sin fármacos 1 1 1 1 0 2 0 2 0 2 
de 1 a 3 16 8 7 17 9 15 10 14 4 20 
4 o más 4 0 3 1 2 2 3 1 2 2 

Comorbilidades 
  
  

Sin comor 1 0 1 0 1 0 1 0 1 0 
de 1 a 3 4 2 1 5 2 4 3 3 1 5 
4 o más 8 2 5 5 4 6 5 5 2 8 

Relation between Aes and demographic/pharmacologycal data. (n=16) 
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