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Abstract Background and Objective: Increasing numbers of women in childbearing years are treated with anti-

depressants. Concerns regarding fetal exposure tomedication has led to large studies on drug effects on birth

outcome and on the risk of congenital anomalies. The risk of adverse effects due to paroxetine use during

pregnancy has been associated with the extent of exposure. Nevertheless, few studies have covered dosing

aspects in order to minimize fetal antidepressant exposure while limiting the risk of treatment failure.

Essential pharmacokinetic data in pregnancy are lacking, even regarding paroxetine, one of the most

commonly used antidepressants. We examined the changes of maternal paroxetine concentrations during

pregnancy in relation to cytochrome P450 (CYP) 2D6 genotype.

Method: An observational cohort study was conducted in 74 pregnant women aged from 25 to 45 years

treated with paroxetine during pregnancy. Blood samples and information on dosing, weight, smoking and

mood were provided at 16–20, 27–31 and 36–40 weeks of pregnancy. Samples were analysed for paroxetine

plasma concentrations and CYP2D6 genotype.

Results:Womenwhowere genotyped as extensivemetabolizers (EMs) or ultra-rapidmetabolizers (UMs) for

CYP2D6 (EM n = 43; UM n = 1) showed steadily decreasing plasma paroxetine concentrations during the

course of pregnancy, with a decrease of 0.3 mg/L (95% CI -0.58, -0.07) for each week of pregnancy. In

contrast, plasma paroxetine concentrations of intermediate metabolizers (IMs [n = 25]) and poor meta-

bolizers (PMs [n = 5]) increased during pregnancy, resulting in an increase of 0.82 mg/L (95% CI 0.42, 1.22)

for each week of pregnancy. Weight gain, maternal age or smoking did not influence plasma drug concen-

trations. Decreasing plasma concentrations in EMs are in accordance with induced CYP2D6 activity during

pregnancy. Accumulation of paroxetine in womenwith impaired CYP2D6metabolismmay be explained by

competition with an endogenous substrate. In EMs/UMs the depressive symptoms increased significantly

during the course of pregnancy, while in the IM/PM group these did not change.

Conclusions: Differences in CYP2D6 genotype may have divergent effects on maternal plasma paroxetine

concentrations during pregnancy, with therapeutic consequences.Accumulation of paroxetine in a considerable

group of pregnant women will lead to unintended increased exposure of paroxetine to the unborn child.

Knowledge about a patient’s CYP2D6 genotype is indispensable when prescribing paroxetine in pregnancy

[trialregister.nl Identifier ISRCTN25383361].

Background

Antidepressant use during pregnancy is increasing.[1-3]

Although the safety of gestational antidepressant use is still

under debate, approximately 2% of all pregnant women in

the Netherlands use antidepressant drugs. Paroxetine is the most

frequently used antidepressant.[4] Antidepressants are prescribed

for various psychiatric and somatic illnesses but predominantly for
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depression and anxiety disorders. The lack of knowledge con-

cerning risks and benefits, optimal dosing and pharmacokinetic

behaviour is in contrast to the extensive use of antidepressants

during pregnancy.[5,6] Changes in activity of metabolizing en-

zymes during pregnancy, differences in enzyme activity due to

genetic constitution and the fact that paroxetine metabolism is

easily saturable are of concern. There are few data available

indicating increased clearance of selective serotonin reuptake

inhibitors (SSRIs) during pregnancy, but none of them con-

cerned paroxetine.[6-9]

Paroxetine is inactivated through oxidative pathways cata-

lysed by the cytochrome P450 (CYP) 2D6 enzyme system in the

liver.[10-17] The pharmacokinetic characteristics of paroxetine

show high interindividual variability due to the existence of

genetic CYP2D6 polymorphism, nonlinear kinetics and inter-

actions with inhibitors of CYP2D6 isoenzyme.[18] According to

theirCYP2D6 genotype, individuals are divided into four major

phenotypes: poor metabolizers (PMs), intermediate meta-

bolizers (IMs), extensive metabolizers (EMs) and ultra-rapid

metabolizers (UMs). PMs, representing 4–10% of Caucasian

populations, are individuals with the absence of a functional

enzyme that has been associated with the accumulation of

various drugs.[19-23] An IM is defined as being heterozygous for a

defect allele and EMs are carrying two functional alleles, re-

presenting 30–40% and 50–70%, respectively, of the Dutch

population.[24] UMs are carrying more than two functional

alleles and represent 1–10% of the Dutch population.

Pregnancy influences pharmacokinetics of drugs by chan-

ging CYP2D6 activity, plasma volume, hepatic blood flow and

plasma protein binding.[25] Low plasma concentrations of

SSRIs in the third trimester of pregnancy compared with

postpartum concentrations have been attributed to increased

CYP2D6 activity.[6,9] Since the exact onset and magnitude of

change in plasma concentrations is unknown, it is difficult to

anticipate the resulting therapeutic failure.[6] However, in the

light of poor neonatal adaptation, which commonly occurs

after exposure in the third trimester, decreasing exposure to

paroxetine may also be beneficial to the fetus.[26]

The aim of our study was to evaluate the effect of pregnancy

on maternal plasma paroxetine concentrations and the influence

ofCYP2D6 genotypes on pharmacokinetic variation in particular.

Methods

Study Design and Subject Eligibility

In this study we investigated paroxetine plasma concentra-

tions during pregnancy in women who were treated with par-

oxetine for depression or anxiety disorders. Subjects were

enrolled in an ongoing observational cohort study on the effects

of antidepressants during pregnancy on mother and child [the

OAZE study; trialregister.nl Identifier ISRCTN25383361]. The

study protocol was approved by the Central Committee on

Research Involving Human Subjects (CCMO; the Hague, the

Netherlands) and the local medical ethical committees of the 12

collaborating centres. Recruitment started in July 2003 and

ended in July 2007. Informed consent was obtained from each

woman before inclusion in the study.

Participants were considered eligible if information on medi-

cation use, co-medication, smoking habits, alcohol (ethanol) use

and CYP2D6 genotype could be provided (n= 74). Decisions

about treatment were made by the women’s own healthcare

providers and were independent of participation in our study.

Blood sample collection did not continue if paroxetine treatment

had been stopped near the end of pregnancy. Effect changes

were estimated with the Edinburgh Postnatal Depression Scale,

a 10-item questionnaire validated for pregnancy.[27]

Blood Sample Collection and Drug Analysis

Maternal venous blood samples (4.5mL) were collected at

appointment time during routine visits at 16–20, 27–31 and

36–40 weeks of pregnancy. Time between drug intake and

sample collection varied depending on the dosing regimen:

evening or morning dosing. The blood cells and plasma were

separated and stored at -201C until analysis.

Plasma concentrations of paroxetine were analysed using a

modified straight phase high-performance liquid chromato-

graphy with ultraviolet detection (HPLC-UV) or, if plasma

sample volumes were smaller than 500 mL or concentrations

were £1.0 mg/L, liquid chromatography-tandem mass spectro-

metry (LC-MS/MS).[28,29] The overall intra- and inter-assay

coefficients of variation were <15% over the ranges 5 mg/L
(lower limit of quantification on 500 mL sample) to 150 mg/L
using HPLC-UV and 1 mg/L (lower limit of quantification on

100 mL) to 350 mg/L using LC-MS/MS.

Determination of Cytochrome P450 2D6 Genotypes and

Phenotypes

Genotype analyses for theCYP2D6*3, *4, *5, *6, *9, *10, and
*41 alleles on isolated DNA obtained from the blood sample

drawn at the first visit were performed by polymerase chain

reaction using the method described by Schenk et al.[30] Alleles

with none of the mutations were classified as CYP2D6*1.
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Subjects were defined as EMs if they were homozygous for

coding alleles (CYP2D6*1) and as UMs in the case of gene

duplications. Subjects were defined as IMs or PMs if they were

heterozygous or homozygous for non-functional alleles

(CYP2D6*3, *4, *5, *6), respectively. If subjects were hetero-

zygous or homozygous for decreased activity alleles

(CYP2D6*9, *10 or *41) they were categorized as EMs or IMs,

respectively. Considering the prevalence of other non-functional

alleles in the Dutch population of less than 10%, the chance of

misclassification was small.

Factors that may have an effect on the CYP2D6 phenotype

were all considered, i.e. concomitant use of drugs metabolized

by the same enzymatic mechanism as paroxetine, substrates for

the CYP2D6 enzyme system (e.g. bupropion) or known in-

hibitors of paroxetine metabolism (e.g. cimetidine), maternal

weight gain, cigarette smoking and alcohol use.

Data Analysis

Paroxetine plasma concentrations were examined over time.

If the plasma concentrations were below the limit of quantifi-

cation, the value 0.5mg/L was used in calculations.[9] A linear

mixed-effects model was used to study the effect of genotype and

gestational age on paroxetine plasma concentrations and to test

the influence of weight gain, smoking, co-medication and age.

A p-value of <0.05 was regarded as statistically significant.

All available patient data were included. To assess the model’s

goodness of fit we created plots of observed plasma con-

centrations versus fitted plasma concentrations and examined

residuals. Normality of distribution of effects in the final model

and normality of residuals was tested with the Kolmogorov-

Smirnov test. In order to compare paroxetine concentrations in

the different periods, they were adjusted for daily dose by

multiplying plasma concentrations by a factor representing the

daily defined dose (20mg) divided by the actual dose, thereby

ignoring possible dose-dependent pharmacokinetics. The in-

fluence of pregnancy and of genotype on Edinburgh Postnatal

Depression Scale (EPDS) scores across pregnancy were also

analysed using amixed-effectsmodel. Analyses were performed

with SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL,

USA) and R, version 2.6.2 with library ‘nlme’.

Results

Participants

All participants (n = 74) were using paroxetine, at least

since early pregnancy, when entering the study at 16 weeks. The

Table I. Characteristics of the study population women using paroxetine

during pregnancy

Characteristic Valuea

No. of subjects 74

Maternal age (y) 32.5 [4.9] (23–45)

Gravida (no.) 2.4 [1.7] (1–12)

Parity [n (%)]

0 26 (35.1)

1 33 (44.6)

‡2 15 (21.3)

Daily dose (mg)

16–20 wk, n = 54 20.4 [9.4] (5–60)

27–31 wk, n = 67 20.3 [9.5] (5–60)

36–40 wk, n = 70 19.9 [8.8] (3–40)

Weight (kg)

16–20 wk, n = 55 76.3 [18.3] (47–135)

27–31 wk, n = 58 80.4 [17.5] (50–132)

36–40 wk, n = 59 85.4 [19.5] (53–144)

Cigarette smoking [n (%)] 17 (23.0)

Alcohol (ethanol) use [n (%)] 1 (1.4)

Co-medication [n (%)] 30 (40.5)

Co-medication metabolized by CYP2D6b [n (%)] 2 (2.8)

Ethnicity [n (%)]

Caucasian 71 (95.9)

Asian 2 (2.7)

African 1 (1.4)

Genotype [n (%)]

EM

CYP2D6 wt/wt 30 (40.5)

CYP2D6 wt/*9 2 (2.7)

CYP2D6 wt/*10 2 (2.7)

CYP2D6 wt/*41 9 (12.2)

UM

CYP2D6 wt/wt*n 1 (1.4)

IM

CYP2D6 wt/*4 19 (25.7)

CYP2D6 wt/*5 3 (4.1)

CYP2D6 wt/*6 1 (1.4)

CYP2D6*4/*41 1 (1.4)

CYP2D6*9/*9 1 (1.4)

PM

CYP2D6*4/*4 4 (5.4)

CYP2D6*3/*4 1 (1.4)

a Values are expressed as mean [SD] (range) unless specified otherwise.

b Haloperidol and mirtazapine.

CYP = cytochrome P450; EM = extensive metabolizer; IM = intermediate meta-

bolizer; PM = poor metabolizer; UM = ultra-rapid metabolizer; wt = wild-type.
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main patient characteristics are summarised in table I. The

mean –SD maternal age was 32.5 – 4.9 (range 23–45) years.

Potential confounders did not differ significantly among the

different stages of pregnancy, except for maternal weight and

smoking.

Seventeen subjects smoked during pregnancy (23%); one of

them also used alcohol.

We determined 43 EMs (58%), 1 UM (1%), 25 IMs (34%)

and 5 PMs (7%) [table I].

Plasma Concentrations

The 74 participants provided a total of 190 plasma par-

oxetine concentrations. Longitudinal results are presented in

figure 1. Of 20 women, plasma concentrations from the first

period were not available because of late entry into the study. In

eight cases, sampling in the second period was omitted. Four

third trimester samples were missing: two because of preterm

delivery, one because medication was stopped a few weeks be-

fore delivery, and one that was lost to follow-up.

Modelling of Changes in Plasma Concentrations over Time

and Relationship with Genotype and Other Patient

Characteristics

We ran several models incorporating the characteristics

listed in table I, except for gravida and parity, and observed

the log-likelihood, Akaike information criterion and p-values

of the coefficients, and thus obtained the best model. The

final model incorporated genotype, gestational age and dose,

and the interactions of genotype with gestational age and dose.

Finally, the observed paroxetine plasma concentration (C)

in the second and third trimester of pregnancy is described by

equation 1:

C ¼C � Iþ ðgestational ageþDÞ þ genotype �

ðgestational ageþDÞ
ðEq:1Þ

where I denotes the intercept, genotype = ‘EM’ or ‘IM/PM’ and

D is the daily dose.

The effect of bodyweight on plasma concentrations was not

significant, and nor were the effects of smoking, co-medication or

maternal age. Random effects and residuals were normally dis-

tributed.We found no significant nonlinearity in the relationship

between dose and paroxetine plasma concentrations (table II).

Themodel shows that inEMs, paroxetine plasma concentrations

decrease as pregnancy proceeds (-0.3 mg/L per week; p= 0.014).

However, in IMs and PMs, plasma concentrations increased

during the course of pregnancy (effect of IM/PM genotype on

plasma concentrations: 0.87- 0.3= 0.57 mg/Lperweek; p< 0.001).

Scatter plots of population-predicted and individual-predicted

paroxetine concentrations are shown in figure 2. The percen-

tage of predicted values within the range of –10 mg/L of the

observed concentrations was 79.5%, and 96.8% were within the

range of –20 mg/L of the observed concentrations.

Although we expected a nonlinear relationship between

dose and concentration, we did not find a deviation from the

linear relationship in the higher dose range. Results of patients

using haloperidol (one EM) and mirtazapine (one IM) did

not deviate from mean results in their groups. As an ex-

ample, for a woman on a daily dose of paroxetine 30mg, the

model-predicted plasma concentration at 38 weeks would be

1.7 - 0.33 · 38 + 1.15 · 30 = 23.7 mg/L if she was genotyped

EM. The same women if genotyped IM would have a 3-fold
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Fig. 1. Paroxetine plasma concentration normalized to 20 mg by dividing the

observed plasma concentration by the dose and multiplying by the standard

dose of 20 mg: (a) extensive metabolizers (EMs) [n = 43] and ultra-rapid

metabolizers (UMs) [n = 1]; and (b) intermediate metabolizers (IMs) [n = 25]

and poor metabolizers (PMs) [n = 5].

Table II. Values for the fixed effects of the final model

Parameter Value (95% CI) p-Value

Variable

Intercept [mg/L] 1.69 (-10.98, 14.35) 0.792

Weeks of gestation -0.33 (-0.58, -0.07) 0.012

Dose [mg] 1.15 (0.74, 1.55) <0.001

Genotype

EM 0 (reference)

IM/PM -32.1 (-52.1, -12.1) 0.002

Interactions

Weeks of gestation (IM/PM) 0.82 (0.42, 1.22) <0.001

Dose (IM/PM) [mg] 1.59 (0.88, 2.30) <0.001

EM = extensive metabolizer; IM = intermediate metabolizer; PM = poor meta-

bolizer.
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higher plasma concentration: (1.7- 0.33· 38+ 1.15· 30)- 32.1+
0.82· 38+ 1.59· 30= 70.4mg/L. In figure 3 we present the results
of dose-corrected plasma concentrations of subjects with com-

plete samplings. Differences between the periods were analysed

using the Wilcoxon rank test.

Clinical effects are expressed by EPDS test results, which we

obtained from all subjects (n = 74) who responded at least once

to the questionnaires. Using a linear mixed-effects model to test

the effect of genotype and the influence of gestational age, we

found that depression, with an intercept of 4.8 (95%CI 2.1, 7.5),

worsened by 0.08 points (95% CI 0.001, 0.15; p = 0.05) on the

EPDS scale for each proceeding week of pregnancy. According

to the model, the subjects in the group IM/PM showed 2.8

points (95% CI 0.5, 5.0; p = 0.02) higher EPDS scores than the

EM group.

The prevalence of EPDS scores exceeding 12 (indicating

depression) in the whole study group increased from 15% in

the first period to 21% in the second period and 29% in the

last weeks of pregnancy. Differences in the prevalence of high

EPDS scores between EMs and IM/PMs were not statistically

significant.

Discussion

We found that PMs and IMs have higher paroxetine plasma

concentrations than subjects genotyped as EM or UM. Plasma

concentrations of EMs tend to decline during pregnancy. This

is in accordance with the findings of Tracy et al.[31] who found a

temporal increase in CYP2D6 activity during pregnancy in

EMs using dextromethorphan/dextrorphan urinary ratios. Our

research extends their study by differentiating between EMs

and IMs or PMs. Our results demonstrate that a drug bio-

transformed byCYP2D6will not necessarily show a decrease in

plasma concentrations during pregnancy. On the contrary:

paroxetine concentrations of PMs and IMs increased. In 1997,

Wadelius et al.[32] found almost doubled dextromethorphan/
metabolite ratios in CYP2D6 PMs during pregnancy, com-

pared with postpartum ratios. As CYP2D6 PMs do not express

functional CYP2D6, the metabolism in these subjects depends

exclusively on other enzymes, which have decreasing activity

during pregnancy. These findings, however, have never been

linked to antidepressants. In IMs, both processes may middle

out the effect.
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Fig. 2. Scatter plots of (a) individual-predicted paroxetine concentration vs observed paroxetine concentration; and (b) population-predicted paroxetine con-

centration vs observed paroxetine concentration. The solid lines represent the line of identity.
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Fig. 3. Dose-normalized paroxetine plasma concentrations during preg-

nancy, using longitudinal data from women with complete samplings: extensive

metabolizers (EMs) [n = 32], intermediate metabolizers (IMs) [n = 13] and poor

metabolizers (PMs) [n = 2]. Boxes represent 50% of the population and median,

whiskers represent values within 1.5 times box width, circles indicate values

between 1.5 and 3 times box width and asterisks represent extreme values

more than 3 times box width. p-Values for differences between first and last

period for each subgroup were <0.01 for EMs and 0.05 for PMs. The p-value for

the difference between the first and second period for IMs was 0.04.
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We hypothesize that during pregnancy, CYP2D6 activity

is induced by rising concentrations of endogenous substrates.

As steroid hormones and chorionic gonadotropin do not in-

duce CYP2D6, the nature of this substrate is yet unknown.

According to observations by Dickmann et al.,[33] high con-

centrations of substrate indeed catalyse CYP2D6 enzyme ac-

tivity. In EMs this leads to decreasing concentrations of

exogenous substrates, e.g. paroxetine. However, in PMs or IMs

the induction may not hold pace with the increased supply of

substrate. In those patients the endogenous substrate may act

as a competitive inhibitor for the metabolism of paroxetine and

paroxetine concentrations will rise.

Our model gives an estimate of the probable level of plasma

concentrations and the direction of change in the course of

pregnancy from the 16th week till the end of pregnancy in the

dose range of 10–40mg for the different CYP2D6 genotypes.

Although some aspects of our findings remain to be studied

and no clear-cut relationship between the paroxetine con-

centration and the antidepressant effect has been provided, the

results are useful when evaluating the necessity of anti-

depressant drug therapy during pregnancy.[34]

Generally, depressive symptoms may worsen during the

course of pregnancy.[35] Low to undetectable plasma con-

centrations of antidepressants may contribute to this effect and

to therapeutic failure. An increase in mean EPDS scores, as

observed in the EM group, was not seen in the IM/PM group.

The accumulation of paroxetine in IMs or PMs is of concern,

since it becomes more andmore clear that adverse effects on the

child, such as low birth weight, poor neonatal adaptation and

cardiac teratology, are related to the extent of antidepressant

exposure.[36-38] Our study adds to the work of DeVane et al.[39]

They strongly advocate individualized drug treatment using ther-

apeutic drug monitoring during pregnancy in order to achieve

optimal treatment while minimizing exposure to the fetus.

One of the limitations of our study was that, because the

blood sampling had to take place during regular visit times, the

time between drug intake and blood sampling varied between

subjects, although not so much within subjects. By standardiz-

ing the sampling time, some of the observed variability may be

reduced. Moreover, we did not have data on some of the other

variables that may cause variation of blood values measured

during pregnancy, such as protein levels and hemodilution.

Conclusions

Decreasing as well as increasing plasma concentrations in

the course of pregnancy demonstrate that the effect of preg-

nancy on paroxetine pharmacokinetics is far from uniform.

Decreased plasma concentrations in EMs can lead to ther-

apeutic failure and relapse, although increasing paroxetine

concentrations in IMs and PMs do not substantially contribute

to the mother’s well-being and they may result in unintended

and unwanted exposure to the unborn child. Our results show

that knowledge about a patient’s CYP2D6 genotype is indis-

pensable when prescribing paroxetine in pregnancy. Studies

with comparable outlines are needed before our findings can be

extrapolated to other antidepressants such as tricyclic anti-

depressants and SSRIs metabolized by CYP2D6.
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