
 

Supplementary Table S1. The tested PGx Panel in the IP3 pilot study. 

Gene Allele Reference Sequence + Variant RS-number 
CYP2C9 *2 NG_008385.1:g.3608C>T rs1799853 
CYP2C9 *3 NG_008385.1:g.42614A>C rs1057910 
CYP2C19 *2 NG_008384.3:g.19154G>A rs4244285 
CYP2C19 *3 NG_008384.3:g.17948G>A rs4986893 
CYP2C19 *17 NG_008384.3:g.-806C>T rs12248560 
CYP2D6 *2A M33388:g.-1584C>G rs1080985 
CYP2D6 *10 M33388:g.100C>T rs1065852 
CYP2D6 *12 M33388:g.124G>A rs5030862 
CYP2D6 *11 M33388:g.883G>C rs201377835 
CYP2D6 *17 M33388:g.1023C>T rs28371706 
CYP2D6  M33388:g.1661G>C rs1058164 
CYP2D6 *6 M33388:g.1707delT rs5030655 
CYP2D6 *4 M33388:g.1846G>A rs3892097 
CYP2D6 *40 M33388:g.1863_1864insTTTCGCCCCTTTCGCCCC rs72549356 
CYP2D6 *20 M33388:g.1973_1974insG rs72549354 
CYP2D6 *19 M33388:g.2539delAACT rs72549353 
CYP2D6 *3 M33388:g.2549delA rs35742686 
CYP2D6 *38 M33388:g.2587delGACT rs72549351 
CYP2D6 *9 M33388:g.2615delAAG rs5030656 
CYP2D6  M33388:g.2850C>T rs16947 
CYP2D6 *7 M33388:g.2935A>C rs5030867 
CYP2D6 *44 M33388:g.2950G>C rs72549349 
CYP2D6 *41 M33388:g.2988G>A rs28371725 
CYP2D6 *29 M33388:g.3183G>A rs59421388 
CYP2D6 *42 M33388:g.3259_3260insGT rs72549346 
CYP2D6 *18 M33388:g.4132_4133insGTGCCCACT rs1135836 
CYP2D6  M33388:g.4180G>C rs1135840 
CYP2D6 *5 NC_000022.10:g.  
CYP2D6 xN duplication  
CYP3A5 *3 NG_007938.1:g.12083G>A rs776746 
CYP3A5 *6 NG_007938.1:g.19787G>A rs10264272 
DPYD *2A NM_000110.3:c.1905+1G>A rs3918290 
DPYD *13 NM_000110.3:c.1679T>G rs55886062 
DPYD  NM_000110.3:c.1236G>A rs56038477 
DPYD  NM_000110.3:c.2846A>T rs67376798 

SLCO1B1  NM_006446.4:c.521T>C rs4149056 
TPMT *2 NM_000367.4:c.238G>C rs1800462 
TPMT *3B NM_000367.4:c.460G>A rs1800460 
TPMT *3C NM_000367.4:c.719A>G rs1142345 

VKORC1  NM_206824.2:c.173+1000C>T rs9934438 

 



 

Supplementary Table S2. Actionable drug-gene interactions relevant to the panel used (n = 41). 

Gene 
Interacting drugs for which actionable DPWG guidelines 

are available Actionable phenotypes 

CYP2C9 phenytoin 
PM, IM, *1/*2, *1/*3, *2/*2, *2/*3, 

*3/*3 

CYP2C19 

citalopram  
clopidogrel  

escitalopram  
imipramine  
lansoprazole  
omeprazole  

pantoprazole  
sertraline  

voriconazole  

PM, IM 
PM, IM 

PM, IM, UM 
PM 
UM 
UM 
UM 
PM 

PM, IM, UM 

CYP2D6 

amitriptyline  
aripiprazole  
atomoxetine  

clomipramine  
codeine  
doxepin  
eliglustat  
flecainide  

haloperidol  
imipramine  
metoprolol  

nortriptyline  
oxycodone  
paroxetine  
pimozide  

propafenone  
tamoxifen  
tramadol  

venlafaxine  
zuclopenthixol  

PM, IM, UM  
PM 

PM, IM, UM 
PM, IM, UM 
PM, IM, UM 
PM, IM, UM  
PM, IM, UM 
PM, IM, UM 

PM, UM 
PM, IM, UM 
PM, IM, UM  
PM, IM, UM  
PM ? UM? 

UM 
PM, IM 

PM, IM, UM 
PM, IM 

PM, IM, UM 
PM, IM, UM 
PM, IM, UM 

CYP3A5 tacrolimus  
Homozygote expressor, 
heterozygote expressor 

DPYD 
capecitabine/fluorouracil 

tegafur 

Systemic: GAS 0, 0.5, 1, 1.5; Topical: 
GAS 0 

Systemic: GAS 0, 0.5, 1, 1.5 

SLCO1B1 
atorvastatin 
simvastatin 

TC, TT  
TC, TT 

TPMT 
azathioprine/mercaptopurine 

thioguanine 
PM, IM 
PM, IM 

VKORC1 
acenocoumarol 
fenprocoumon 

AA 
AA 

Drugs primarily prescribed in primary care are bolded 

  



 

 

 

 



 

 

 

Supplementary Figure S1. Example report sent to physicians and pharmacists. 

  



 

 

Supplementary Table 3. Pre-defined drug-gene associated adverse drug reactions based on literature 
underlying the DPWG. 

Drug Gene Phenotype  
Increased risk of adverse 

event 
Effect measure* 

Amitriptyline CYP2D6 PM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6, causing 

an increase in the plasma 

concentrations of amitriptyline 

and its active metabolite 

nortriptyline and a decrease in 

the plasma concentrations of 

the active metabolites E-10-

OH-amitriptyline and E-10-

OH-nortriptyline. [1] 

The side effects are correlated 

to the plasma concentration of 

nortriptyline. 

The hydroxy-metabolites may 

be cardiotoxic. [1] 

Theoretically, the risk of side 

effects such as dry mouth, 

constipation, dizziness, 

sedation, reduction of sexual 

functions and perspiration is 

increased with high plasma 

concentration of nortriptyline. 

[1] 

Studies found an increase of 30-69% of the 

plasma concentration amitriptyline plus 

nortriptyline. [1] 

PMs did not have excessive side effects. [2] 

Amitriptyline CYP2D6 IM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6, causing 

an increase in the plasma 

concentrations of amitriptyline 

and its active metabolite 

nortriptyline and a decrease in 

the plasma concentrations of 

the active metabolites E-10-

OH-amitriptyline and E-10-

OH-nortriptyline. [1] 

The side effects are correlated 

to the plasma concentration of 

nortriptyline. 

In a study an increase of the percentage of 

patients with substantial side effects was 

found by a factor of 6. For the subgroup of 

patients without co-medication affecting 

CYP2D6, the percentage increased by a 

factor of 16. This study found for patients 

with phenotypes IM versus EM + UM an 

increase in the percentage of patients with 

substantial side effects from 12.1% to 76.5% 

(S by 523%) The same for patients without 

CYP2D6-relevant comedication: from 4.2% 

to 69.2% (S by 1548%). [3] 

 

 



 

 

The hydroxy-metabolites may 

be cardiotoxic. [1] 

Theoretically, the risk of side 

effects such as dry mouth, 

constipation, dizziness, 

sedation, reduction of sexual 

functions and perspiration is 

increased with high plasma 

concentration of nortriptyline. 

[1] 

Amitriptyline CYP2D6 UM 

The genetic polymorphism 

leads to an increased 

metabolic capacity of CYP2D6, 

which may decrease the 

plasma concentrations of 

amitriptyline and its active 

metabolite nortriptyline and 

increase the plasma 

concentrations of the active 

metabolites E-10-OH-

amitriptyline and E-10-OH-

nortriptyline. [1] 

Result: Possible failure of 

therapy due to decreased 

plasma concentrations of 

amitriptyline and nortriptyline 

and an increase in the plasma 

concentration of the 

potentially cardiotoxic, active 

hydroxy-metabolites. [1] 

A study found a decrease of the plasma 

concentration of amitriptyline plus 

nortriptyline with 20% (non-significant). 

[4] 

 

 

Atomoxetine CYP2D6 PM 

The genetic variation increases 

the plasma concentration of 

atomoxetine and thus the risk 

of side effects (such as loss of 

appetite, vomiting, abdominal 

pain, constipation, insomnia, 

early awakening, drowsiness, 

irritability, pupil dilation, 

itching, dry mouth, urinary 

retention, erectile dysfunction, 

excessive sweating, increase of 

heart rate, increase in diastolic 

blood pressure palpitations, 

Results vary from no reduced appetite to 

an increase in the incidence of reduced 

appetite with 42% or OR = 2.0. The 

incidence of tremor increased by 364% and 

the incidence of insomnia by 54% or OR = 

2.1.[4,9] In a study with 117 adult PM, PMs 

had a higher risk of urinary retention (OR 

= 9.1), an erectile dysfunction (OR = 3.1), a 

dry mouth (OR = 2.2), an increase in 

diastolic blood pressure ( OR = 2.2), 

excessive sweating (OR = 2.0) and an 

increase in heart rate (OR = 1.7). Sedation, 

depression, early awakening, pruritus and 



 

 

dizziness, increased systolic 

blood pressure, tremor and 

sedation).[5–8]  

 

 

mydriasis are also more common in PMs. 

[5] 

In 131 healthy male PMs, a dose of 60 mg 

2x daily resulted in a statistically 

significant but not clinically significant 

increase in the QT interval. For the increase 

relative to placebo, the upper limit of the 

confidence interval was less than 10 msec. 

There were no subjects at any time with a 

corrected QT interval greater than 500 

msec or an increase in the corrected QT 

interval by more than 60 msec with respect 

to pre-treatment. [7] 

The results for the incidence of 

discontinuation of therapy due to side 

effects vary from no difference, an increase 

by 3-50% or a decrease after 6 months by 

100%. [5] 

Atomoxetine 

 
CYP2D6 IM 

The genetic variation increases 

the plasma concentration of 

atomoxetine and can therefore 

reduce the dose requirement. 

[5] 

Side effects related to high 

atomoxetine levels: dry mouth, 

sleep disturbances, dizziness, 

nausea and abdominal pain. 

[6,10] 

 

 

 

The plasma concentration of atomoxetine 

is a factor 2-3 times higher for IM than for 

EM at the same dose. 

Results range from no difference in 

frequency, severity and nature of the side 

effects to an increase in the risk of a sleep 

disorder (OR = 1.7) or dry mouth (OR = 

1.6). IM were not overrepresented in 

patients who did not finish treatment and 

the mean dose was similar for IM and 

EM/UM. [6] 

One study found that of 10 patients who 

had side effects and/or a late response at 

normal dosing, 6 were IM. In the two IMs 

where the dose was reduced (up to 1.14 

mg/kg per day and 0.42 mg/kg per day), 

this led to maintenance of efficacy and 

decrease in side effects. [8] 

Atomoxetine CYP2D6 UM 

The genetic variation leads to 

an increased conversion of 

atomoxetine into the active 

metabolite 4-

hydroxyatomoxetine, which 

has a much lower plasma 

concentration. Because the 

- 



 

 

plasma concentration of the 

active substances decreases as 

a result, the gene variation can 

lead to a reduced effectiveness. 

Atorvastatin SLCO1B1 521TC 

The genetic polymorphism can 

lead to a reduced transport of 

atorvastatin to the liver. This 

may increase the plasma 

concentration of atorvastatin 

and thus the risk of myopathy. 

[11] 

 

Myopathy 

Results range from no significant effect of 

the genetic polymorphism on the risk of 

myopathy or muscle complaints (two 

studies with 143-146 atorvastatin users and 

two case-control study with 10-13 cases) to 

an association of the 521C allele with 

intolerance or muscle complaints with OR 

= 2.7 (case-control study with 46 case). [12] 

In one case involving two related patients 

with atorvastatin-induced muscle pain, 

one patient had genotype 521CC and the 

other genotype 521TC. [11] 

 

Cholesterol reduction 

In two studies, there was no difference in 

the decrease of LDL cholesterol. [11] 

Atorvastatin SLCO1B1 521CC 

The genetic polymorphism can 

lead to a reduced transport of 

atorvastatin to the liver. This 

may increase the plasma 

concentration of atorvastatin 

and thus the risk of myopathy. 

[11] 

 

Myopathy 

Results range from no significant effect of 

the genetic polymorphism on the risk of 

myopathy or muscle complaints (two 

studies with 143-146 atorvastatin users and 

two case-control study with 10-13 cases) to 

an association of the 521C allele with 

intolerance or muscle complaints with OR 

= 2.7 (case-control study with 46 case). [12–

16]  

In one case involving two related patients 

with atorvastatin-induced muscle pain, 

one patient had genotype 521CC and the 

other genotype 521TC. [11] 

 

Cholesterol reduction 

In two studies, there was no difference in 

the decrease of LDL cholesterol. [17,18] 

Citalopram CYP2C19 PM 

This gene variation leads to an 

increase in plasma 

concentrations of citalopram. 

This causes a hogher risk of 

A study found a 3.0% greater QTc interval 

for a group of 16 IM and 1 PM. The study 

found no difference for this group in the 

median dose and the percentage of 



 

 

QT-prolongation and torsade 

de pointes. [19] 

 

patients with a dose higher than 40 

mg/day. [20] 

Two studies found no difference in the 

occurrence of side effects. A study with 

new-borns found no difference in severity 

of serotonergic symptoms after mother's 

citalopram use for a group of 4 IM and 1 

PM. [21] 

For the probability of remission, the effect 

varies from no difference to an increase of 

48%. [22] 

Citalopram CYP2C19 IM 

This gene variation leads to an 

increase in plasma 

concentrations of citalopram. 

This causes a higher risk of QT 

prolongation and torsade de 

pointes. [19] 

The relationship between 

plasma concentration and 

efficacy and side effects has 

not been established. The risk 

of induction of QT 

prolongation and torsade de 

pointes by citalopram is dose-

dependent and therefore 

plasma concentration-

dependent. [19] 

 

 

A study with 16 IM found a trend for a 

2.4% larger QTc interval. The study found 

a significant increase in the QTc interval 

for a group of 16 IM and 1 PM and no 

difference in the median dose and the 

percentage of patients with a dosage 

higher than 40 mg/day. [20] 

A study with 25 IM found no difference in 

the occurrence of side effects. [23] A study 

with new-borns found no difference in 

severity of serotonergic symptoms after 

mother's citalopram use for a group of 4 

IM and 1 PM. For IM + PM, the results for 

the probability of tolerance vary from no 

difference in the validation study to a 

decrease. [21] 

A study with 298 IM found no difference 

in the chance of remission. The same study 

found no association between set dose and 

genotype. [22] 

Citalopram CYP2C19 UM 

The gene variation increases 

the conversion of escitalopram 

to a low active substance. 

However, no significant effect 

on plasma concentration of 

citalopram, tolerance and 

response has been 

demonstrated. [19] 

A study with 60 UM found no difference in 

the likelihood of tolerance and remission. 

[22] 

Two studies found no difference in set 

dosage. 

A study with 18 UM found no significant 

increase in the percentage of patients with 

plasma concentrations below the 

therapeutic range. [4] 

Escitalopram CYP2C19 PM 

The gene variation leads to an 

increase in the plasma 

concentration of escitalopram. 

A study found no increase in the QTc 

interval for a group of 1 PM and 21 IMs. 

However, the IM + PM group and the EM 



 

 

This increases the risk of QT 

prolongation and torsade de 

pointes. [24] 

Side effects related to higher 

escitalopram levels are dry 

mouth, dizziness and 

diarrhoea. [25] 

 

 

group were not comparable. The 

percentage of women was significantly 

lower for IM + PM. Women had a 3.7% 

higher QTc interval than men. In addition, 

the percentage of patients with a CYP2C19 

substrate, inhibitor or inducer was 

significantly higher for IM + PM. There 

was a trend for a 2.8% higher QTc interval 

when using this co-medication. [20] A 

study with 6 PM found no difference 

between the genotypes in adverse events 

and in the percentage of patients who 

discontinued in the study. [25] Another 

study found no difference in neurological, 

psychological and 'other' side effects for a 

group of 23 IM + PM after 1 week. The 

score for autonomic side effects, such as 

sweating and gastrointestinal complaints, 

was reduced after 1 week, but this is 

probably not clinically relevant. [26] 

There was no difference in the dose 

adjusted according to side effects and 

effect. 

Three studies found no difference in 

response to depression (one with 16 PM, 

one with 9 PM and one with 23 IM + PM). 

[25–27] A study with 1 PM found no 

difference in response to peripheral 

neuropathy. [28] For a group with 22 IMs 

and 1 PM, a study found no difference in 

response to autism spectrum disorder. [29] 

 

There was no association of escitalopram 

plasma concentration found with the 

number of side effects or the occurrence of 

side effects. The adverse events dry mouth 

was increased with high escitalopram 

plasma concentration (OR = 1.48). The side 

effect diarrhoea occurred less frequently 

with higher ratios of 

desmethylescitalopram/escitalopram (OR = 

0.60; S). [25] 



 

 

Escitalopram CYP2C19 IM 

The gene variation leads to an 

increase in the plasma 

concentration of escitalopram. 

This increases the risk of QT 

prolongation and torsade de 

pointes. [24] 

Side effects related to higher 

escitalopram levels: dry 

mouth, dizziness and 

diarrhoea. [25] 

A study found no increase in the QTc 

interval for a group of 1 PM and 21 IMs. 

However, the IM + PM group and the EM 

group were not comparable. The 

percentage of women was significantly 

lower for IM + PM. Women had a 3.7% 

higher QTc interval than men. In addition, 

the percentage of patients with a CYP2C19 

substrate, inhibitor or inducer was 

significantly higher for IM + PM. There 

was a trend for a 2.8% higher QTc interval 

when using this co-medication. [20] 

A 94 IM study found no difference 

between the genotypes in adverse 

reactions and in the percentage of patients 

who discontinued the study. Another 

study found no difference in neurological, 

psychological and 'other' side effects for a 

group of 23 IM + PM after 1 week. The 

score for autonomic side effects, such as 

sweating and gastrointestinal complaints, 

was reduced after 1 week, but this is 

probably not clinically relevant. 

There was no difference in the dose 

adjusted according to side effects and 

effect. A study with 116 IM found no 

difference in response to depression. 

Another study found no difference for a 

group of 23 IM + PM. [26] A study with 7 

IM found no difference in response to 

peripheral neuropathy. [28] For a group 

with 22 IMs and 1 PM, a study found no 

difference in response to autism spectrum 

disorder. [29] 

There was no association of escitalopram 

plasma concentration found with the 

number of side effects or the occurrence of 

side effects. The adverse events dry mouth 

was increased with high escitalopram 

plasma concentration (OR = 1.48).  The 

side effect diarrhoea occurred less 

frequently with higher ratios of 



 

 

desmethylescitalopram/escitalopram (OR = 

0.60; S). [25] 

Escitalopram CYP2C19 UM 

NO action is required with this 

gene-drug interaction. 

The gene variation increases 

the conversion of escitalopram 

to a low active substance. 

However, this does not lead to 

a reduced effect, a need for a 

higher dose or an increase in 

side effects. [24] 

 

High desmethylescitalopram 

plasma concentration 

increased the occurrence of 

vertigo (OR = 1.56; S). [25] 

A study with 28 UM found no difference in 

response to depression. [25] A study with 2 

UM found no difference in response to 

peripheral neuropathy. [28] For a group 

with 9 UMs and 17 times *1/*17, a study 

found no difference in response to autism 

spectrum disorder. [29] 

The first and last study also found no effect 

of the genotype on the final dose. The 

latter study found no difference in the rate 

of dose increase during the whole 6 week 

treatment period, but found a lower rate of 

dose increase in the fourth, fifth and sixth 

week after the start of treatment. [29] 

Two studies with a total of 27 UM found 

no difference in side effects. [24,25] 

Clomipramine CYP2D6 IM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6. As a 

result, the plasma 

concentrations of 

clomipramine and the active 

metabolite may increase and 

those of the potentially 

cardiotoxic hydroxy-

metabolites may decrease. 

Side effects include dry 

mouth, constipation, dizziness, 

sedation, reduction of sexual 

functions and transpiration. 

[30] 

In a study, an increase in the percentage of 

patients with adverse events was found 

with a factor of 1.9. [31] 

Clomipramine CYP2D6 PM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6. As a 

result, the plasma 

concentrations of 

clomipramine and the active 

metabolite may increase and 

those of the potentially 

cardiotoxic hydroxy-

metabolites may decrease. 

In two cases, side effects were observed. 

[32] The side effects disappeared in a case 

after lowering the clomipramine dose. [33] 

As a result, plasma concentrations of 

clomipramine and N-

desmethylclomipramine reached the 

therapeutic range. 

There was an increase in plasma 

concentration of clomipramine + 

desmethylclomipramine by 88-199%. [4,34] 



 

 

Side effects include dry 

mouth, constipation, dizziness, 

sedation, reduction of sexual 

functions and perspiration. 

[30] 

 

For the plasma concentration of 

clomipramine, the results vary of a 

decrease by 34% to an increase of 185%. 

[34,35] 

After single administration, clomipramine 

clearance decreased by 43% and half-life 

increased by 21%. [34] 

Clomipramine CYP2D6 UM 

The genetic polymorphism 

leads to an increased 

metabolic capacity of CYP2D6. 

As a result, the plasma 

concentrations of 

clomipramine and the active 

metabolite may decrease and 

those of the potentially 

cardiotoxic hydroxyl-

metabolites may increase. 

The inactive hydroxy-

metabolites may be 

cardiotoxic. These are formed 

to an increased extent at UM 

and at dose increases. The 

hydroxy-metabolites 

accumulate in severe renal 

dysfunction. 

The active metabolite 

desmethylclomipramine does 

not have serotonin reuptake 

activity. The metabolite 

therefore does not appear to 

contribute to the treatment of 

obsessive-compulsive disorder 

and other anxiety disorders. 

The metabolite does contribute 

to toxicity and treatment of 

depression. [30] 

In two cases with non-response, increased 

plasma concentrations due to dose 

escalation or CYP2D6 inhibition led to 

recovery of the problem. [36,37] The dose 

increase involved an increase of 150–300 

mg/day. Other reports of dose increase at 

UM are not known. 

On theoretical grounds, the risk of adverse 

reactions due to the possible cardiotoxic 

hydroxy-metabolites increases with higher 

plasma concentrations. [30] 

 

 

Nortriptyline CYP2D6 PM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6 which 

may increase the plasma 

concentration of nortriptyline. 

[38] 

In a study no significant change in the 

percentage of patients with side effects was 

found after 6 weeks use of nortriptyline. 

[40] 

In a case, side effects were observed, which 

disappeared after normalization of the 

plasma concentration of nortriptyline and 



 

 

Side effects include dry 

mouth, constipation, dizziness, 

nervousness and tinnitus 

(tinnitus), instability of the 

knees, drowsiness, inertia, 

anxiety, agitation, hypotension 

and fatigue. [39] 

E-10-hydroxynortriptyline by dose 

reduction. [41] 

The plasma concentration and AUC of 

nortriptyline increase by 146% and 232%, 

respectively. Oral clearance decreases with 

62%. [42–44]  

Nortriptyline CYP2D6 IM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6, which 

may increase the plasma 

concentration of nortriptyline. 

[38] Anticholinergic adverse 

reactions (dry mouth, 

constipation, dizziness) 

reported in 1 case, 

disappeared with dose 

reduction. In another case, 

nervousness and tinnitus 

(ringing in the ears), instability 

of the knees, drowsiness, 

slowness, anxiety, agitation 

and side effects have been 

reported. [39] 

The plasma concentration and AUC of 

nortriptyline increase by 35–123% and 86-

179%, respectively. [42,43,45,46] Clearance 

decreases by 31% -57%. [44,46] The dose 

decreases to 70% of the dose at EM. [38]  

Nortriptyline CYP2D6 UM 

The genetic polymorphism 

leads to an increased 

metabolic capacity of CYP2D6, 

which may decrease the 

plasma concentration of 

nortriptyline and increase the 

plasma concentration of the 

active metabolite E-10-OH-

nortriptyline. E-10-

hydroxynortriptyline is about 

half as potent as the parent 

compound in inhibiting 

norepinephrine uptake. It has 

a much lower anticholinergic 

activity than nortriptyline and 

is associated with 

cardiotoxicity. [38] 

On theoretical grounds, the risk of 

cardiotoxic adverse reactions is increased 

with an increased plasma concentration of 

E-10-hydroxynortriptyline and the risk of 

reduced effectiveness of therapy is 

increased with a reduced plasma 

concentration of nortriptyline.[15] 

In studies, the AUC of nortriptyline was 

reduced by 23-41% and the oral clearance 

increased by 85%. [44,47] 

At 13 functional alleles: for nortriptyline 

increase clearance by 62% -315% and 

decrease half-life by 12%. [43,44] 

Simvastatin SLCO1B1 521TC 
The genetic polymorphism can 

lead to a reduced transport of 
Myopathy 



 

 

simvastatin to the liver. This 

may increase the plasma 

concentration of simvastatin 

and thus the risk of myopathy. 

[48] 

 

 

The risk of myopathy was increased. The 

increase of myopathy seems to increase 

with the simvastatin dose. 

In a study with simvastatin 80 mg/day, the 

OR for myopathy with creatine kinase was 

higher than 3 or 10 times the upper limit of 

normal 4.5 (95% CI [2.6-7.7]) per 521C 

allele. The calculated cumulative 

myopathy risk was 3% for 521CT versus 

0.6% for 521TT. The OR for myopathy per 

521C allele was 2.6 (95% CI [1.3-5.0]) for 

simvastatin 40 mg/day. [49] 

In a study with simvastatin 30 mg/day on 

average there was no significant increase 

in the risk of myopathy with creatine 

kinase higher than 10 times the upper limit 

of normal for (521TC + 521CC). [15] In a 

study with simvastatin 20 mg/day 

followed by 80 mg/day, the percentage of 

patients who either discontinued the study 

prematurely due to an adverse reaction or 

developed myalgia or muscle cramps or 

increased creatine kinase to more than 3 

times the upper limit of normal had 

increased by a factor of 2.2 for (521TC + 

521CC). [14] 

 

Cholesterol reduction 

In three studies there was no difference in 

the decrease of LDL cholesterol. [50–52] In 

one study, the decrease in LDL-cholesterol 

decreased by 3.2% per 521C allele. [48] 

Simvastatin SLCO1B1 521CC 

The genetic polymorphism 

leads to a reduced transport of 

simvastatin to the liver. This 

increases the plasma 

concentration of simvastatin 

and thus the risk of 

myopathy.[48] 

 

The risk of myopathy was increased. The 

increase of myopathy seems to increase 

with the simvastatin dose. 

In a study with simvastatin 80 mg/day, the 

OR for myopathy with creatine kinase was 

higher than 3 or 10 times the upper limit of 

normal 4.5 (95% CI [2.6-7.7]) per 521C 

allele. The calculated cumulative 

myopathy risk was 3% for 521CT versus 

0.6% for 521TT. The OR for myopathy per 



 

 

521C allele was 2.6 (95% CI [1.3-5.0]) for 

simvastatin 40 mg/day. [49] 

In a study with simvastatin 30 mg/day on 

average there was no significant increase 

in the risk of myopathy with creatine 

kinase higher than 10 times the upper limit 

of normal for (521TC + 521CC). [15] In a 

study with simvastatin 20 mg/day 

followed by 80 mg/day, the percentage of 

patients who either discontinued the study 

prematurely due to an adverse reaction or 

developed myalgia or muscle cramps or 

increased creatine kinase to more than 3 

times the upper limit of normal had 

increased by a factor of 2.2 for (521TC + 

521CC). [14] 

 

Cholesterol reduction 

In three studies there was no difference in 

the decrease of LDL cholesterol. [50–52] In 

one study, the decrease in LDL-cholesterol 

decreased by 3.2% per 521C allele. [48] 

Venlafaxine CYP2D6 PM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6. As a 

result, the plasma 

concentration of venlafaxine 

may increase and that of the 

active metabolite O-

desmethylvenlafaxine may 

decrease. There are indications 

that the effectiveness of 

venlafaxine is reduced in 

patients with this genetic 

polymorphism. [53] 

Side effects related to elevated 

venlafaxine levels: elevation of 

alkaline phosphatase levels, 

sweating, insomnia, dry 

mouth, increased appetite, 

drowsiness, diminished effect, 

nausea, anxiety, palpitations, 

The results of a decrease in effectiveness 

vary to no difference in efficacy with 

respect to EM + IM in patients with 

depression. In a study with 3 PM there was 

100% non-response. [53] 

In obsessive compulsive disorder, there 

was no difference in effectiveness. [56] 

For side effects, the results vary from no 

difference to an increase in the number of 

side effects by 369% (increase in the 

number of side effects per patient from 

0.49 to 2.3 (S by 369%). [54,57] There is 

virtually no effect on the sodium 

concentration (decrease by 3%). [54] 

Cardiac adverse reactions (syncope, 

palpitations, dizziness) have been 

reported. [58] 

 

A study found an statistically significant 

increase in the number of patients with 

high alkaline phosphatase levels by a 



 

 

vomiting and diarrhoea. [53–

55] 

Cardiac events (syncope, 

palpitations, dizziness) have 

been reported. 

Venlafaxine is possibly 

cardiotoxic. 

In one study, reduced efficacy 

in depression was found in 

patients with an elevated ratio 

of venlafaxine/active 

metabolite (PM). [53] 

 

 

factor of 20.5 (from 0.2% to 4.1%) when 

comparing PM versus EM+IM+UM. The 

number of patients which has sweating as 

side-effect was statistically significant 

increased by a factor of 1.9 (from 13.3% to 

24.5%) and the number of patients with 

insomnia increased statistically significant 

by a factor of 1.7 (from 22.4% to 38.8%). 

[57] 

Venlafaxine CYP2D6 IM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6. As a 

result, the plasma 

concentration of venlafaxine 

may increase and that of the 

active metabolite O-

desmethylvenlafaxine may 

decrease. [53] 

Venlafaxine is possibly 

cardiotoxic. 

In one study, reduced efficacy 

in depression was found in 

patients with an elevated ratio 

of venlafaxine/active 

metabolite (PM). 

Cardiac events (syncope, 

palpitations, dizziness) have 

been reported. 

Side effects related to elevated 

venlafaxine levels: elevation of 

alkaline phosphatase levels, 

sweating, insomnia, dry 

mouth, increased appetite, 

drowsiness, diminished effect, 

nausea, anxiety, palpitations, 

vomiting and diarrhoea. [53-

55]  

For venlafaxine + O-desmethyl 

venlafaxine, AUC increases by 14-17% and 

plasma concentration by 1-22%. [54,59,60] 

The ratio of plasma concentrations of O-

desmethylvenlafaxine/venlafaxine 

decreases by 52-66%. [54,60] The decrease 

in the ratio is mainly caused by an increase 

in the plasma concentration of venlafaxine. 

[53] 

 

 



 

 

Venlafaxine CYP2D6 UM 

The genetic polymorphism 

leads to an increased 

metabolic capacity of CYP2D6. 

As a result, the plasma 

concentration of venlafaxine 

may decrease and that of the 

active metabolite O-

desmethylvenlafaxine may 

increase. [53] 

In one study, the number of adverse events 

did not significantly decrease by 39% (0.49 

to 0.3) and there was no difference in 

therapeutic efficacy (both 1.7 points). [54] 

In another study there was no effect on the 

sodium concentration. [53] 

Doxepin CYP2D6 IM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6, which 

may increase plasma 

concentrations of doxepin and 

nordoxepin. [61] 

On theoretical grounds, the 

risk of side effects increases 

when plasma concentrations 

of doxepin and nordoxepin 

increase. [61] 

In single-dose administration of 75 mg 

doxepin, the AUC of doxepin + 

nordoxepin increased by 19% and the oral 

clearance of doxepin decreased by 42%. 

[62] 

 

Doxepin CYP2D6 UM 

Genetic polymorphism leads 

to increased metabolic 

capacity of CYP2D6, which 

may decrease plasma 

concentrations of doxepin and 

nordoxepin and increase 

plasma concentrations of the 

hydroxy-metabolites. [61] 

On theoretical grounds, the 

risk of reduced effectiveness of 

therapy increases when 

plasma concentrations of 

doxepin and nordoxepin 

decrease. [61] 

The AUC of doxepin + nordoxepin was 

reduced by 55% (from 1061 to 479 

nmol.h/L). [62] 

 

Doxepin CYP2D6 PM 

The genetic polymorphism 

leads to a reduced metabolic 

capacity of CYP2D6, which 

may increase plasma 

concentrations of doxepin and 

nordoxepin. [61] 

The AUC of doxepin + nordoxepin 

increases by 116-190% with a single 

administration. [62,63] 

For multiple-dose administration, results 

vary from a decrease of 12% in plasma 

concentration of doxepin (a case) to an 

increase in the frequency of PMs from 0-

50% in patients with high plasma 



 

 

concentrations versus patients with low to 

normal plasma concentrations. 

*The risk on a side effect when compared with EM; PM, poor metabolizer; IM, intermediate metabolizer; UM, 
ultrarapid metabolizer; EM, extensive metabolizer.  
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