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Summary

Gender-based pharmacology is a new research and
clinical area which could be defined by the inclusion of
gender-related variables in clinical, research and
educational issues with respect to pharmacotherapy.

Most of the studies which have studied pharmacokinetic
gender differences in psychotropic drugs have found that
women tend to have bigher plasma concentrations.

As regards differences in treatment response, most
evidence points to a more rapid response to neuroleptics
and lower therapeutic doses in women, and, on the other
hand, a possible better response to selective serotonin
reuptake inhibitors (SSRI) in premenopausal women.

In addition, women appear to bave a bigher incidence of
adverse effects to different psychotropic drugs.

Key words: Gender differences in the pharmacokinetics.
Gender differences in treatment response. Gender differences
in adverse side effects.

Resumen

La farmacologia sensible al sexo es una nueva drea de
estudio que se podria definir como la que incorpora
conocimientos de variables relacionadas con el sexo en las
decisiones clinicas, de investigacion y de docencia en
Jarmacoterapia.

La mayoria de trabajos que bhan estudiado las diferencias
Jarmacocinéticas de los psicofdrmacos en funcion del sexo
bhan bhallado que las mujeres presentan concentraciones
plasmdticas mds elevadas.

Por lo que respecta a las diferencias en respuesta al
tratamiento farmacologico, los datos mds contrastados son
una respuesta a los neurolépticos mds rdapida y a dosis mds
bajas en las mujeres y una posible mejor respuesta en las
mugjeres en la premenopausia a los inhibidores selectivos de
la recaptacion de serotonina (ISRS).

También las mujeres parecen presentar con mds
Jfrecuencia efectos secundarios a los diferentes psicofdarmacos.

Palabras clave: Diferencias de sexo en farmacocinética.
Diferencias de sexo en respuesta al tratamiento
Jarmacologico. Diferencias de sexo en efectos secundarios.

INTRODUCTION

Health differences in regards to sex and gender have
not been debated and studied until recent decades. At
present, there is growing interest in these subjects,
mostly promoted by the need to avoid health inequali-
ties of the different groups in society.

During the second half of the XX century, it was veri-
fied that most of the disorders or diseases were investi-
gated in men and then the results were generalized without
any critique to men and women, for their use in the cli-
nical practice. It was also observed that the diagnostic

Correspondencia:
Judith Usall i Rodié
Centre de Salut Mental El Prat
Av. Verge de Montserrat, 24, 2.* planta
08820 El Prat de Llobregat (Barcelona) (Spain)
E-mail: j_usall_2000@yahoo.com

and therapeutic resources used in a certain clinical si-
tuation were not the same in both genders'. A very im-
portant fact was that referring to the development of the
different pharmacological treatments. Historically, wo-
men were excluded as experimental subjects in most of
the pharmacology studies. Furthermore, many times, al-
though men and women were included in the trials, the
results were not analyzed considering gender. Since
1993, however, the Food and Drug Administration (FDA)
has reviewed this question and recent guidelines recom-
mend that clinical trials on the development of new
drugs be analyzed considering the differences in gender
and that factors related with the effects of the menstrual
cycle and the sexual hormones in the drugs should be
studied?.

In this content, the so-called gender sensitive phar-
macology has appeared. This new study area could be
defined as that which incorporates knowledge of varia-
bles related with gender in the clinical, research and teach-
ing decisions in pharmacotherapy.
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Although at present there are still few studies that
have taken the gender factor into account when studying
pharmacokinetics and pharmacodynamics of the diffe-
rent psychodrugs, the results found point to the fact that
future studies could change the way psychodrugs are ad-
ministered, considering gender and the effects of the en-
dogenous and exogenous reproductive hormones, as
presently occurs with age’.

PHARMACOKINETIC GENDER DIFFERENCES
OF THE PSYCHODRUGS

General pharmacokinetic differences
Absorption

Some of the most contrasted pharmacokinetic diffe-
rences are slower gastric emptying in premenopausal
women than in men. The differences in intestinal transit
have not been so contrasted, but point to a faster transit
in women. These two factors could result in lower ab-
sorption in women. However, baseline gastric acid se-
cretion is markedly less in premenopausal women and
although this pharmacokinetic effect has not been di-
rectly demonstrated in psychodrugs, it does suggest
greater gastric absorption of the basic substances (tricy-
clic antidepressants, benzodiazepines) in women and
thus, larger concentrations in plasma*”.

Distribution

The most important differences are related with the
fact that women tend to have lower weight, lower blood
volume and greater percentage of body fat. Although the
first two factors mentioned may contribute to higher le-
vels of drugs in blood, a higher percentage of fat is asso-
ciated to greater distribution volume and lower concen-
trations’. Lipophilic substances such as benzodiazepines
tend to accumulate in the fatty tissue and this fact may
mean an accumulation and prolongation of the half life
of these drugs in women, above all in the elderly, be-
cause age increases fatty tissue’.

Women have higher brain flow than men, especially
during the second and third decades of life®.

The data on differences in fixation of the different
drugs to plasma proteins are not consistent, although
there are some studies that indicate that women may
have lower fixation of the drugs to proteins.

Hepatic metabolism and elimination

Oxidation reactions seem to be more sensitive to the
gender effects than those of conjugation’, but both reac-
tions are slower in women than in men and this leads
to less clearance and higher plasma concentrations in
women.

Gender differences have been identified for several iso-
enzymes of the cytochrome P450 system. The most rele-

vant differences are those that affect CYP3A4 isoenzyme
that makes up more than 60 % of the total P450 content in
the liver. This isoenzyme is influenced by gender and age.
Young women have greater activity of this isoenzyme than
men and postmenopausal women. Thus, young women
have lower levels of benzodiazepines®. This isoenzyme al-
so participates in the metabolization of fluvoxamine and
nefazodone. Women have a higher activity of CYP2C19
isoenzyme than men. Imipramine, chloripramine, citalo-
pram and diazepam are metabolized primarily by this and
thus, there may be lower concentrations in women than in
men who receive the same doses’. There is also some evi-
dence that CYP1A2 activity may be less in women’. The
isoenzyme participates in metabolization of fluvoxamine,
clozapine and tricyclic antidepressants.

Regarding the gender differences in elimination, renal
clearance is less in women, due to lower glomerular
filtration’.

In conclusion, although the findings on differences in
pharmacokinetics of psychodrugs based on gender are
still preliminary and offer results that are sometimes con-
tradictory, most of the studies that have reviewed these
data have concluded that women would tend to show
higher psychodrug plasma concentrations than men*”.

In any event, little is still known on the possible gen-
der differences in the drug concentration in the central
nervous system.

Effects of synthetic bormones in psychodrug
pharmacokinetics

The results of different studies suggest that hormonal
contraceptives may cause changes in psychodrug absorp-
tion in that it minimizes the gender differences obser-
ved. Hormone treatment used in menopausal wo-
men, on the contrary, preserves the gender differences
in the absorption observed in premenopausal women.
In addition, exogenous estrogens and progesterone de-
crease gastric acid secretion’.

Regarding effects on metabolism, in general, contra-
ceptives (OC) tend to reduce clearance for drugs meta-
bolized by oxidation and increase that of those metabo-
lized by conjugation’.

In addition, OC reduce the activity of CYP1A1/2 he-
patic isoenzymes and this fact may cause an increase in
the plasma levels of tricyclic antidepressants such as imi-
pramine and clozapine'.

There is little data that study the effects of hormone
replacement therapy in psychodrugs. The estrogens
used in this treatment are metabolized by the CYP3A4
isoenzyme and given that fluvoxamine, fluoxetine and
nefazodone inhibit the activity of this isoenzyme, it may
be necessary to decrease the estrogen doses’.

Pbharmacokinetic changes during the menstrual cycle

The plasma concentrations of some psychodrugs may
have fluctuations during the menstrual cycle. Oxidative
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metabolism has a peak in the middle of the cycle and
thus the drugs using this pathway have greater clearance
in this cycle phase'.

Metabolism of antidepressants seems to decrease the
follicular phase, has a peak during ovulation and remains
relatively high during the luteal phase®. For practical ef-
fects, the plasma concentrations, and perhaps adverse
effects, may increase during the follicular phase. Reduc-
tions during the luteal phase may be associated to a
decrease in efficacy or relapse. These menstrual effects
seem to be more pronounced in the subgroup of women
who suffer dysphoric premenstrual symptoms’.

Studies on possible changes in lithium levels during the
menstrual cycle offer contradictory results, but they may
affect the evolution of the bipolar disorder in some cases'.

PHARMACOKINETIC DIFFERENCES
FOR THERAPEUTIC GROUPS

Benzodiazepines

The studies that have investigated gender pharmaco-
kinetic differences of benzodiazepines (BZD) found that
the most relevant data were that the clearance of benzodia-
zepine metabolized by conjugation (lorazepam and oxa-
zepam) seems to be slower in women than in men"
while that of benzodiazepines metabolized by oxidation
does not seem to have gender differences'?.

Although there are studies that have found gender dif-
ferences in the metabolism of alprazolam, these are not
very consistent. The maximum concentrations of this
drug are higher in women, but this finding seems to be
more related with weight differences than with gender.
In addition, no changes were found related with the
menstrual cycle in the concentrations of this drug'.

Interactions of BZD and hormonal OC are a factor to
be considered. In general, OC inhibit metabolism by oxi-
dation and facilitate metabolism by conjugation’. These
changes may make dose readjustments necessary.

Antidepressants

The antidepressants studied most in regards to diffe-
rences in gender is imipramine. A review study of Ha-
milton and Grant'® on pharmacokinetics of imipramine
in relationship with gender differences shows that wo-
men over 50 years have higher dose adjusted plasma le-
vels than men. In younger women, these differences are
more controversial.

Some studies with chlorimipramine also show higher
levels in women'’. A study with sertraline'® also found
higher levels in young women than in young men.

Some antidepressants may show variations in plasma
concentration during the menstrual cycle. In the leutei-
nic phase, the desipramine and trazodone plasma levels
show important decreases, above all in women with pre-
menstrual syndrome".

One study that investigated interactions between hor-
monal OC and imipramine found that the former decrea-
se hepatic metabolism of this drug and produce an ele-
vation of the imipramine levels. Because of these results,
it is recommendable to reduce imipramine doses in wo-
men who take OC over a long period by 2/3 in regards
to those who do not take them'’.

Neuroleptics

Few studies have compared antipsychotic blood levels
in relationship with gender. Most of the results point to
higher concentrations in women®.

Effects of the OC on the pharmacokinetics of neuro-
leptics are not known.

Lithium

Although there are few studies that examine this ques-
tion, it seems that women have less lithium clearance
and present more variations, in some cases associated to
the menstrual cycle?'.

Carbamazepine

Carbamazepine is a potent hepatic inductor and may re-
duce the efficacy of the OC and replacement hormone®.

The gender differences described may be important,
above all, in the drugs in which the plasma concentra-
tions clearly correlate with efficacy and side effects.
There is evidence that when there are bioavailability diffe-
rences of the drugs between women and men, the opti-
mum doses that have been obtained in dose studies per-
formed, above all, in men, may be too high for women.
If this factor is not taken into account, women may be
subjected to an increased risk of side effects®. In fact,
there are studies that find that women experience grow-
ingly more serious side effects due to antidepressants
and antipsychotics than men®.

In summary and although the data on pharmacokine-
tic differences are still scarce, it can be concluded that
when pharmacological treatment is established, it is
necessary to keep in mind that women may present side
effects at the usual doses more frequently and that, the
need to adjust the medication in the menstrual period
and when sexual hormones are administered should be
considered on an individual basis.

GENDER DIFFERENCES IN THE RESPONSE
TO TREATMENT WITH PSYCHORUGS

Gender differences in the response
to antidepressants

There has been little specific study of the gender diffe-
rences in response to antidepressant treatment. In a meta-

Actas Esp Psiquiatr 2004:32(5):307-313 309



Usall i Rodi€ J. GENDER BASED PSYCHOPHARMACOLOGY

analysis of the studies published between 1957 and 1991
that recorded response to imipramine based on gender (35
studies that included 342 men and 711 women), men res-
ponded better to it than women®. An interesting study is
that published in 2000 by Kornstein et al. who examined
the gender differences in response to treatment compa-
ring imipramine and sertraline in a large group of patients
(400 women and 235 men) with major chronic depression
and double depression®. The results show that premeno-
pausal women respond worse to tricyclics than men, and
seem to respond better and faster to selective serotonin
reuptake inhibitors (SSRI); while men respond better to
imipramine. It has also been found that the better respon-
se of premenopausal women to the SSRI is not maintain-
ed after menopause”*. These differences may be related
with the theory that estrogens increase the down-regula-
tion induced by antidepressants on the SHT2 receptors®.

An efficacy comparison study between fluoxetine and
maprotiline also found that premenopausal women res-
pond better to fluoxetine than to maprotiline®.

Few studies have analyzed the possible gender differen-
ces in the combined treatment of depression (antidepres-
sants and psychotherapy). One study performed by Thase
et al. based on a meta-analysis of six studies found that there
were no differences in response between combined treat-
ment or psychotherapy alone (interpersonal or cognitive)
in women under 40 years of age. However, men respon-
ded better to combined treatment than to psychothera-
py in all the age groups. Women over 50 responded simi-
larly to men. This result could be explained by the lower
response of the premenopausal women to tricyclics®.

In regards to potentiation treatments of antidepres-
sants, potentiation with thyroid hormone seems to be
more effective in women than in men®’. The studies that
have analyzed the effect of estrogens as a coadjuvant treat-
ment of depression have generally obtained negative
results’. The most promising results have been found in
the treatment of post-partum depression and premens-
trual dysphoric disorder. Estrogens also seem to be use-
ful in the treatment of depressive symptoms during me-
nopause, although the best results have been obtained in
women with surgical menopause and in mild and mode-
rate symptoms. In a study performed with elderly wo-
men with depression who received fluoxetine, a posi-
tive interaction was found between addition of estrogens
to the treatment and therapeutic response?’.

The few studies that have evaluated the differences in
response to electroconvulsive treatment (ECT) have
found that women seem to require lower electrical sti-
muli. In addition, women seem to have less cognitive
dysfunction than men with right unilateral ECT, surely
due to the sexual differences of lateralization®.

Gender differences in response to mood
stabilizers

There are few studies on the gender differences in res-
ponse to mood stabilizers. Viguera et al. analyzed the re-

sults of 17 studies that made it possible to assess the diffe-
rences in response to lithium in patients with major affec-
tive disorder based on gender, and they did not find any sig-
nificant differences in the short or long term response rate™.

A study on valproate efficacy in bipolar disorder found
that men responded better than women to the effects of
prophylaxis of depressions®".

Gender differences in response to antipsychotics

Most of the studies performed on differences of res-
ponse to treatment have been performed with typical or
first generation antipsychotics and suggest that young
women require lower doses of medication than men*>°,
while postmenopausal women require higher doses
than men®’. One of the possible explanations of these
differences is changes in estrogen levels®®.

Many studies found that women with schizophrenia
respond more rapidly and have a higher response index
to typical antipsychotics than men®>*”3®_ In a study of pa-
tients with a first episode, Szymanski et al. found that
87 % of women and 55 % of men achieved symptom re-
mission after 20 weeks of treatment®’.

Few studies have been performed with atypical an-
tipsychotics, but it seems that gender differences are less
relevant. Some studies suggest that women respond
worse to clozapine than men®>*, but these studies were
in refractory patients. Perry, on the other hand, did not
find differences with clozapine®'.

One study that compared response to olanzapine and
haloperidol between women and men with schizophrenia
found that women responded better than men to olanzapi-
ne regardless of the duration of the disease and that, in addi-
tion, premenopausal women responded better than post-me-
nopausal ones to both haloperidol as well as olanzapine™.

One study that examined response to risperidone ba-
sed on gender, however, did not find any differences®.

The differences in response to treatment may be due to
other non-pharmacological factors, that must be taken in-
to account. Tobacco may decrease antipsychotic levels in
plasma. Goff* found that schizophrenic men smoked more
(85 %) than schizophrenic women (47 %) and that those
who smoked received higher doses of antipsychotics. Salo-
kangas® found that the daily doses of antipsychotics increa-
sed with age in patients who smoked, but decreased with
age in the non-smokers, without gender effect on the dose.

Drug compliance is another factor that may influence
the differences in response found. Different studies find
that men are less compliant*®*’. Others, on the contrary,
do not find differences*.

DIFFERENCES IN GENDER AND SIDE EFFECTS
OF THE PSYCHODRUGS

Side effects of antipsychotics

Incidence and severity of side effects of antipsycho-
tics show differences in regards to gender.

310 Actas Esp Psiquiatr 2004;32(5):307-313



Usall i Rodi€ J. GENDER BASED PSYCHOPHARMACOLOGY

Most of the studies coincide that extrapyramidal
symptoms secondary to treatment with neuroleptics are
more frequent in women®. In one study of patients with
a first episode, Szymanski et al. found that women pre-
sented dystonia episodes more frequently (48 % in wo-
men and 22.2% in men), but they did not find gender dif-
ferences in the frequency of akathisia®.

In regards to tardive dyskinesia, many studies have
found that it is more frequent in women than in men.
However, it seems that there are no differences in the
frequency of tardive dyskinesia in patients under 50 years
of age and that, the prevalence in women is greater than
in men in patients between 50 and 70 years of age and
the frequency continues to increase in the women after
50 years of age™.

Women under treatment with clozapine also suffer
agranulocytosis and eosinophilia more frequently than
men’".

Elevation of prolactin secondary to typical neurolep-
tics and to risperidone is also more frequent in women
and this increases the risk of galactorrhea, amenorrhea
and sexual dysfunction®*??,

Side effects of antidepressants
and mood stabilizers

Fewer studies have evaluated the side effects of anti-
depressants and mood stabilizers based on gender.

The sexual side effects have been studied the most.
One study of Piazza®® found that sexual dysfunctions
during depression are more frequent in women and
that women improve sexual activity more than men with
SSRI treatment. Other studies, however, find that sexual
effects due to SSRI in women are frequent’”.

Regarding treatment with lithium, most of the studies
find that hypothyroidism in patients under treatment
with lithium is more frequent in women than in
mCl’l5657.

Furthermore, one study found that 45 % of the women
who took valproate had menstrual disorders and that
there was an elevated risk of polycystic ovary and hype-
randrogenism in women who began the treatment be-
fore age 20°®. When choosing a prophylactic treatment in
women, it is also important to consider that carbamaze-
pine may reduce the efficacy of hormone treatments (es-
pecially oral contraceptives).
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