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Abstract 
 
 Depression is considered to be the second leading cause in disability in the world 
(Ferrari et al, 2013), affecting 121 million people worldwide (Mechiel-Korte et al, 2015). 
Depression is a debilitating disease that incapacitates patients and is hard to treat, even the 
addition of antidepressants to treatment is effective as often as it is not (Nemeroff et al., 
2007). Additionally, the occurrence of depression is twice as high in women as compared to 
men, a significant difference that is not well understood and underrepresented in research 
(Guttierrez-Lobos et al., 2002). For both men and women depression usually develops at the 
same developmental stage, adolescence (Kessler et al., 2005). But while the rate of 
depression increases for both sexes, the gender difference becomes apparent, more girls 
than boys display depressive symptoms (Angold et al., 1998). Not only is this the case, there 
are also a lot of intersexual differences in the treatment of depression with antidepressants. 
Although it is not clear where the differences come from, there are implications in research 
about; 
 1. Developmental and symptomatological intersexual differences; 
 2. Neuro-endocrinology, namely differences in the HPA-axis and the hippocampus 
and their response to stress; 
 3. Gender specific hormones, both estrogen and testosterone seem to play an 
integral part; 
 4. Pharmacokinetics, all parts of the ADME spectrum. 
This article attempts to combine the research of these intersexual differences that can 
influence the efficacy of antidepressant treatment and the prevalence of depression and 
concludes that: firstly, antidepressive treatment and antidepressants leave a lot of room for 
improvement, the group that seems to suffer from this fact the most are women. They have 
been underrepresented in depression research for a long time,  while they are 
overrepresented in cases of depression. Secondly, that the role of gonadal hormones, with in 
particular estrogen, is hugely important, nevertheless gonadal hormones do not explain the 
discrepancy on their own. A comprehensive study, which uses genomic, hormonal and 
cultural data is probably needed to unravel this problem. Finally, considering the importance 
of depression as a disease in our current day and age, all research is sorely needed. 
Researching pharmacokinetic, personal and physiological differences between men and 
women will benefit both groups. With the work that has already been done in these subjects, 
a lot of improvements in treatment already seem possible. It’s important that current and 
future research is quickly translated into clinical research and eventually, treatment. Which 
hopefully can be personalized one day, so we can leave a lot of the adverse effects behind 
us. 
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INTRODUCTION 

 
Depression is considered to be the second leading cause in disability in the world 

(Ferrari et al, 2013), affecting 121 million people worldwide (Mechiel-Korte et al, 2015). Even 
worse, it’s been speculated that depression will be the ultimate leading cause of disability by 
2030. This speculation is strengthened by the WHO, who estimate that depression will be the 
second most common cause of disease and premature death worldwide (World Health 
Organization, 2011). Depression might be considered as one of the biggest problems of our 
time, yet treatment comes with a lot of difficulties and room for improvement. To effectively 
treat depression, long-term treatment is necessary. The addition of antidepressant 
medication to treatment is effective. However, with the large array of adverse effects 
discontinuation of treatment is common (Dunn et al, 1999). Most adverse effects of 
antidepressant medication occur early on in treatment (Bull et al, 2002), they can range from 
fatigue and drowsiness to nausea and anxiety. These adverse effects make it harder for 
patients to actually undergo the long-term treatment they need. 

Due to the nature of depression, finding an exact pathophysiological mechanism is 
very hard, if not impossible. Depression is however associated with a deficiency in the 
monoamine neurotransmitters; serotonin (5-HT), noradrenaline and/or dopamine (DA) 
(Dimock et al., 2007). In most research, treatment and medication is focused on treating the 
possible deficiencies within the systems of these neurotransmitters. Therefore, most current 
antidepressants are based on these deficiencies within monoamine neurotransmitter 
systems. The most common antidepressant medications today are selective serotonin 
reuptake inhibitors (SSRIs) and tricyclic antidepressants (TCAs), with SSRIs being the most 
commonly prescribed antidepressant since their emergence in the 1980s (Vaswani et al, 
2003). Even though these antidepressants are effective in the treatment of depression, a lot 
of patients do not respond to the treatment. This treatment resistance is probably due to the 
type of their depression (Prins et al, 2011). The two most common subtypes of depression, 
melancholic and atypical depression, may have completely different symptom profilesand it 
might not come as a surprise that SSRIs are not equally effective for both types of 
depression.  

Additionally, the occurrence of depression is twice as high in women as compared to 
men, a significant difference that is not well understood (Gutierrez-Lobos et al., 2002). This 
sex difference is cross-cultural, emerges during adolescence and is most apparent during 
reproductive years (Gobinath et al., 2015). Not only are there more women affected by 
depression, symptom presentation is typically more severe in women. Adding on that 
depression is more likely to be chronic or recurrent in women with an earlier age of onset and 
poorer quality of life (Kornstein et al., 2000). It doesn’t end there however. Women are more 
likely to present with comorbid anxiety disorders and atypical depression, which is associated 
with hypersomnia, hyperphagia or excessive fatigue (Keers and Aitchison, 2010). While the 
exact reason for these dramatic differences is unclear, the most prominent neurobiological 
hypothesis focuses on the role of gonadal hormones (Hammarstrom et al., 
2009).Furthermore, men and women also seem to react differently to antidepressant therapy. 
This is a point of contention however, since some studies show differences between classes 
of drugs and differences in adverse effects (Keers and Aitchison, 2010), whereas other 
studies show no differences between the sexes (Dalla et al., 2010). The differences in 
treatment response that are found are most likely caused by variability in pharmacokinetic 
profiles. 

This article highlights numerous differences between males and females that can 
influence the efficacy of antidepressant treatment, with a focus on pharmacokinetic 
differences between the sexes. Moreover it will show the importance of including both sexes 
in clinical and preclinical research to further improve and understand antidepressant 
treatment. An effect of gender on depression is also shown in this article, which is important 
when trying to understand the emergence of depression in humans. 
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Figure 1. In normal serotonergic transmission, after an impulse reaches the serotonergic nerve ending, 5-HT is released 

(Left of the image). This 5-HT activates receptors on the postsynaptic nerve ending which consequently causes a stimulus 

in the postsynaptic nerve ending. The remaining 5-HT is removed from the synapse by denaturalisation or reabsorption 

into the axon, eventually stopping the stimulus. SSRIs block the reabsorption of 5-HT into the axon, which causes a higher 

concentration of 5-HT in the synapse and a stronger stimulus(Right side of the image). Noradrenaline is secreted, 

denaturalised and reuptaken in a similar fashion to 5-HT. TCAs have a similar effect to SSRIs,  they block the reuptake of 

serotonin in addition to blocking the reuptake of Noradrenaline. 

 

DISPARITY IN DEPRESSION RESEARCH  

 
As stated before, there is a higher prevalence of depression in women when 

compared to men. Moreover, there is strong evidence that symptomatology and 
pathophysiology are different between the sexes. However, this is not reflected by research 
into the disease, because most preclinical animal research is conducted on male animals 
instead of on both sexes. Females are harder to control by researchers due to fluctuations in 
female hormones, which makes it easier to exclusively use male subjects in animal research 
(Beery et al., 2011). The neglect of differences in sex hormones, pharmacokinetic profiles 
and overall neurological differences, creates a problem for the translation of preclinical 
research into clinical research and larger studies are needed (Belzung et al. 2014). This 
clinical research is however also having problems with including both sexes, there is a lack of 
sufficient male and female sample sizes per study (Gobinath et al,2015). It is necessary to 
include all aforementioned variables in the search for new antidepressant treatment, to 
develop treatment which is effective in treating both males and females. 
 

DIFFERENCES BETWEEN MEN AND WOMEN IN ANTIDEPRESSANT TREATMENT 

 
 Antidepressants can be divided up into different categories, according to their 
mechanism of action; the non-selective inhibition of the presynaptic uptake of 
norepinephrine/dopamine/serotonin (Figure 1.) and inhibition of monoamine oxidases.  

 
 
 
 
 
 
Despite the underrepresentation of women in depression research, a lot of studies 

have been performed to investigate sex differences in antidepressant treatment. The focus of 
this research tended to be on SSRIs and TCAs. Both drugs aim to increase the concentration 
of presynaptic monoamines in the brain, with a different mechanism of action. TCAs exert 
their effect by binding serotonin and noradrenaline transporters, inhibiting them and 
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increasing the concentration of both serotonin and noradrenalin in the synaptic cleft (Mechiel-
Korte et al, 2015). SSRIs are more selective and mostly exert their effect on serotonin 
transporters, increasing extracellularserotonin levels across the brain (Keers et al., 2010). 
Because of the more selective effect of SSRIs, they have significantly fewer side effects 
(Anderson et al., 1998). 
 Differences in response to antidepressants exist between men and women. For 
example women treated with the TCA clomipramine have a lower clearance of the drug and 
consequently a higher plasma concentration compared to males (Gex-Fabry., 1990). 
Hildebrandt et al. (2003) ascribes this discrepancy to a difference in the metabolism rate of 
the drug between men and women. This might be one of the reasons why most studies that 
compare SSRI and TCA treatment, find that women tend to respond better to SSRIs 
compared to TCAs, with no difference between treatments for men. Another explanation 
might be that SSRIs mitigate the mood-destabilizing effects of changes in gonadal steroids, 
through the inhibition of serotonin uptake, increasing SSRI efficacy in women (Altemus et al., 
2014). 
 Furthermore, higher plasma concentrations of TCAs in women can possibly lead to 
more adverse effects at similar doses of the drug, potentially leading to higher withdrawal 
rates amongst women (Kornstein et al., 2000). This effect might be due to the modulatory 
effects of estrogen, making it harder to reach the right therapeutic window with TCAs in 
women. Which would partly explain the higher response of women to SSRIs (Keers et al., 
2010). This is in line with studies that focus on the use of SSRIs, which all report a better 
response of women to SSRIs compared to TCAs (Damoiseaux et al., 2015). 
 

DEVELOPMENTAL AND SYMPTOMATOLOGICAL INTERSEXUAL DIFFERENCES 

 
        For both men and women depression usually develops at the same developmental 

stage, adolescence. This is a critical period for the development of depression and in about 
two-thirds to three quarters of lifetime cases, depression has its origin in adolescence 
(Kessler et al., 2005). Depression in women is linked to the start of the ovarian cycle, 
estrogen levels rise and with it an increased rate of major depression (Angold et al., 1998). 
But while the rate of depression increases for both sexes during the same developmental 
phase, a gender difference becomes apparent, more girls than boys display depressive 
symptoms (Angold et al., 1998). The increased risk of depression has only been found in 
girls with a family history in depression, suggesting that the start of puberty activates a 
genetic vulnerability (Hankin et al., 2007.)         

Girls that have just reached puberty experience a greater number of objective and 
subjective stressors than boys of the same age, with the largest factor being interpersonal 
stress (Hankin et al. 2007). In a large cross gender study done by Hankin et al. (2015), 
N=665 (366 women and 299 men) across 3 different age groups of children from 3rd, 6th and 
9th grade, it was shown that post-pubertal women, in comparison with their male 
counterparts, respond more strongly to heightened peer-stress with elevated depressive 
symptoms in combination with an increase of depressive episodes over time. The same 
studyalso looked at the interaction among development, genetics (In particular  the 5-
HTTLPR model of depression) and peer stress in the prediction of depression, and 
foundthese three factors are not likely to account for the gender difference in depression. 
However, the article is not sufficient to prove that gender has absolutely no influence on the 
development of depression and they conclude that a larger study is needed to prove a 
possible influence, or non-influence, of gender on the interaction between development, 
genetics and peer stress. 

Pubertal timing seems to influence the effect of peer stress in adolescentsand 
ondepressive symptoms. Where low levels of peer stress can protect adolescents with early 
pubertal timing from depressive symptoms, it increases depressive symptoms in similar 
adolescents with high levels of peer stress (Conley et al., 2009). It’s important to note that 
the results from Conley et al. (2009) are only significant for girls. However, a subsequent 
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study that looked at popularity (social reputation) as a potential moderator of the relationship 
between early pubertal timing and the development of depression in adolescents, postulated 
that the effect of popularity on the development of depression would show the same trend as 
peer stress and they expected that this effect would be revealed only for girls. The effect was 
however not limited to girls and social reputation seems to influence both genders 
significantly. A low social reputation in early pubertal timing increases depressive symptoms, 
where a high social reputation may have a protective effect from depressive symptoms in 
early pubertal timing (Teunissen et al., 2011). 

What more clearly shows the differences between the sexes are the actual 
differences in symptomatology, men and women show clear differences when it comes to the 
expression of depression. One clear difference is that significantly more women than men 
are diagnosed with a life-time anxiety disorder (de Graaf et al., 2002). Women are also more 
likely to show atypical depressive symptoms compared to males, suggesting that depressed 
women are more susceptible to developing metabolic syndrome (Seppala et al., 2012). An 
even more clear difference between the sexesis the excess of comorbid alcohol abuse and 
dependence in depressed men compared to the other sex (Schuch et al., 2014). This 
effectcould be explained by a higher number of substance abuse and/or dependency prior to 
the onset of depression (de Graaf et al., 2003) in men when compared to women, which is a 
risk factor for the development of depression (Falk et al., 2008). 

 

NEURO-ENDOCRINOLOGY DIFFERENCES IN RELATION TO DEPRESSION 

 
Due to the scope of this article, a lot of neurological differences, mostly those pertaining to 
different stages of development, will not be described here. The review by Gobinath et al. 
from 2015 will provide a broader view on all these differences  
 

DIFFERENCES IN THE HYPOTHALAMUS - PITUITARY - ADRENAL - AXIS (HPA-AXIS) 

 

 
 
Chronic stress is an important factor in the development of depression (Tennant, 

2002), in a subpopulation of depressed patients the neuroendocrine system known as the 
HPA-axis is altered by chronic stress. The changes to the HPA-axis include HPA negative 
feedback regulation, elevated basal cortisol levels and disrupted diurnal cortisol secretion 
patterns (Stetler and miller, 2011). Negative feedback function of the HPA-axis can be 
restored by chronic treatment with antidepressants, something that coincides or slightly 

Figure 2. The HPA-axis regulates the stress 

response of the body. When the body endures 

stress, the hypothalamus releases 

corticotrophin releasing hormone (CRH) into 

the hypothalamic-hypophyseal portal system. 

The CRH is then transported to the anterior 

pituitary and stimulates it to release 

adrenocorticotrophic hormone (ACTH). ACTH 

in turn affects the adrenal cortex, which will 

release cortisol. Cortisol acts as a negative 

feedback signal on ACTH and CRH secretion.  

 



6 
 

precedes the alleviation of depressive symptoms (Ising et al., 2007). Antidepressants that 
influence the HPA negative feedback dysregulation to normalize it, are more tied to 
remission in women than in men (Binder et al., 2009).  

In rats, more profound HPA-axis dysregulation as a result of chronic stress is seen in 
females as compared to males. Female rats had larger elevations in corticosterone, which is 
the main glucocorticoid in rats (Dalla et al., 2005). This indicated similarities between the 
stress system of rodents and humans. Considering this, attention has been focused on 
finding a causal role for sex differences in the HPA-axis generating sex differences in 
vulnerability to depression. The sex differences in the HPA-axis however, are not as 
profound in humans as they are in rodents. Results show that differences are smaller and 
less consistent (Panagiotakopoulos and Neigh, 2014). Concluding, even though there are 
differences between men and women in the regulation of the HPA-axis, the role of HPA-axis 
dysregulation in humans is yet to be determined. 

As stated before, females have naturally higher levels of corticosterone than males. 
This difference is something that may contribute to the higher incidence of depression in 
females (Vieau et al., 2002). Furthermore, the stress response is more severe in women, 
with a more rapid and intense release of glucocorticoids and a slower de-escalation of the 
HPA-axis drive (Galea et al., 1997). This difference is partly caused by estrogen, which 
increases adrenocorticotropin releasing hormone (ACTH) and corticosterone secretion, 
whereas androgens decrease the secretion of these hormones(Lund et al., 2004).  

Moreover, Viau et al (2005) looked at differences between male and female rats in 
their pre-pubertal stage (30 day old) and post pubertal stage (60 day old), to determine the 
effects of gonadal hormones on the HPA-axis. They compared basal conditions of these rats 
to 30 minutes of restraint. 60-d old male rats seem less reactive to restraint stress compared 
to their younger counterparts, with lower levels of arginine vasopressin heteronuclear RNA 
and Fos protein in the paraventricular nucleus, in which females did not show a similar 
change. Females showed an increase of basal CRH mRNA expression levels in the 
paraventricular nucleus with age, whereas males only showed an age-related increase of 
basal CRH mRNA in the central amygdala. Suggesting that these parts of the HPA-axis 
develop differently across sex, and is heavily influenced by gonadal hormones. 

Even though the HPA-axis is not as directly related to depression in humans as it is in 
rodents and sex differences in this mechanism are less outspoken in humans, it’s still an 
important part of the road tounderstanding the mechanisms underlying sex differences in 
HPA-axis activity. Which can further increase our understanding of the etiology of depression 
(Goel et al., 2014). 

 

DIFFERENCES IN THE HIPPOCAMPUS 

 
The hippocampus is a structure of the brain that is highly plastic and continues to be 

so in adulthood (Leuner and Gould, 2010). The hippocampus is however, very sensitive to 
the effects of chronic stress and is influenced by sex hormones. Stress influences the volume 
of the hippocampus by changing neurogenesis (the growth of new neurons and 
connections), neuropil (the amount of areas high in unmyelinated axons) and apoptosis(the 
controlled cell death of neurons). Chronic stress usually leads to a decrease in hippocampal 
volume (Gobinath et al. 2015). The decrease in hippocampal volume and neurogenesis can 
be restored with current antidepressants, when administered chronically. For instance, young 
adults who are treated for depression with TCAs show increased cell proliferation in the 
hippocampus (Boldrini et al, 2012), an effect that can also be reached by treatment with 
other antidepressants like SSRIs and MAOIs in rodents (Malberg et al, 2000). 

Depressed patients usually suffer from decreased cell proliferation in the dentate 
gyrus of the hippocampus (Boldrini et al, 2012). Furthermore, every animal model used to 
model human depression reports decreased hippocampal neurogenesis (Brummelte and 
Galea, 2010). In addition, a large meta-analysis performed by McKinnon et al., found that 
untreated depressed patients, for at least 2 years, have a decreased hippocampal volume. 
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This decrease of volume comes with a disparity between men and women. The reduced 
volume is usually more profound in men when compared with women (Frodl et al, 2002). 

Depressed women do not only have a smaller decrease in hippocampal volume, their 
hippocampus reacts differently to treatment as well. In 2000 Valiki et al. found that even 
though both sexes have an increase in hippocampal volume after successful treatment with 
antidepressants, this increase is more outspoken in women. Later on, in the year 2013, Epp 
at all found that this was probably due to differences in neurogenesis.  Women show a larger 
ratio of immature to mature neurons in the hippocampus after antidepressive treatment when 
compared to controls. The ratio of immature to mature neurons in males that were treated 
with similar drugs were unaffected however. 
 

HORMONAL DIFFERENCES 

 

THE ROLE OF ESTROGEN 

 
 Estrogens are a group of endogenous steroids comprised of several hormones, 
including estradiol, estriol and estrone (Rannevik et al., 2008). Estradiol is the most potent of 
the estrogens and the predominant estrogen during the reproductive years of women 
(Gruber et al., 2002). Additionally estradiol is usually the hormone used for hormone 
replacement theraphy following a ovariectomy (Borrow et al., 2014). There is a strong 
relation between estradiol and depression, as shown in figure 3 taken from an article from 
Borrow et al (2014). Studies that use exogenous hormonal manipulation have shown that 
they can decrease depressive symptoms in clinical populations of women (Keyes et al., 
2013). Additionally the cohort of reproductive aged women that use oral contraceptives 
(OCs) is correlated with lower levels of depression, moreover women with depression that 
use OCs have decreased depressive symptoms (Young et al., 2007). 
 The effect of estrogens on antidepressants has already been shown in this article. 
Summarily; SSRI's might mitigate  the destabilizing behavioral effects of gonadal hormones, 
including estrogens, through the inhibition of serotonin uptake. Which increases SSRI 
efficacy in women (Altemus et al., 2014). Estrogen also seem to have a modulatory effect on 
TCAs, making it harder to use TCAs in women (Keers et al., 2010). 
       

 
 Figure 3. A simple representation of the natural fluctuations in peripheral estrogen levels across the human female 

lifespan. Combined with the prevalence of depression (Borrow et al., 2014). 
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Pharmacokinetics is the study of how the body reacts to medication, there is a strong 

differentiation between the sexes in this field in regards to antidepressants (Bigos et al., 
2009). Research has been done into the subject of the effects of sex on the 
pharmacokinetics of antidepressants, and estrogen is responsible for some of the inter-
sexual differences in the pharmacokinetics of the metabolism of drugs (Higashi et al.,2007. 
Dickmann et al., 2013). The menstrual cycle also seems to alter some parts of the 
distribution of antidepressants through the body (Schmidt et al., 2010). This subject is large 
and can be found in its entirety in the next chapter on pharmacokinetics. 

 

THE ROLE OF TESTOSTERONE 

 
There is a relationship between testosterone levels and depression in humans, which 

is evident in males with hypogonadism (Shores et al., 2004). The gonads of these males 
have decreased functional activity which results in decreased levels of testosterone. Males 
with this condition exhibit a significantly higher prevalence of anxiety and depression, 
compared to males with normal levels of androgens (Zarrouf et al., 2009). The same 
prevalence is found in males who are treated with androgen depleting drugs for prostate 
cancer (DiBlasio et al., 2008). Moreover, if males with hypogonadism are treated with 
testosterone replacement therapy the symptoms of their depression are mitigated (Zarrouf et 
al., 2009). There are however some reports that have found contradictory results to the 
positive effects of testosterone on mood in men. According to the review of Mchenry et al. 
(2014) these results are largely based on the less effective administration of testosterone. 
Transdermal application is most effective when using testosterone to improve mood (Zarrouf 
et al., 2009). Overall, most studies acknowledge the positive effects of testosterone on mood 
in men, especially of those with lower levels of this hormone (Mchenry et al., 2014). 
 While this field is, understandably so, less studied in women. There are some positive 
results which might warrant further research. For instance, research has shown that when 
low doses of testosterone are administered to women with treatment resistant major 
depressive disorder, they show significantly improved ratings of depression (Miller et al., 
2009). Additionally, women who had their ovaries surgically removed usually suffer from 
increased depressive symptoms, which most likely stem from a decreased sexual desire and 
pleasure and a decreased general sense of well-being. These negative symptoms are 
reversed by treatment with transdermal testosterone (Shifren et al., 2000). Even though 
these effects are great, caution is also required when using testosterone in women. Apart 
from the masculinizing effects,large doses of testosterone can negatively impact mood in 
women and they can contribute to the onset of major depressive disorder (Rohr et al., 2002). 

 

PHARMACOKINETIC DIFFERENCES BETWEEN THE SEXES 

 
A large difference between men and women is the way their bodies react to 

antidepressants. Any difference in this reaction can lead to differences in therapeutic effects 
and the occurrence of negative side-effects of the therapeutic drugs. When men and women 
are given the same dose of medication, either sex can be over- or underdosed when the 
dose is based on only one of the sexes. However, not surprisingly, the US FDA found that 
women experience more adverse effects with drug use than men and are more often 
overdosed than men (Soldin et al,2009).  

Pharmacokinetics and pharmacodynamics are supposedly influenced by fluctuations 
in hormones during a person’s life and during the menstrual cycle (Kashuba et al,1998). 
Important mechanisms that are involved in pharmacokinetics are the absorption, distribution, 
metabolism and excretion (ADME) of drugs (Kokras et al, 2011). 
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HOW SEX HORMONES AFFECT ADME 

 
Absorption 
The absorption of drugs is largely done by the stomach and the intestine and is 

influenced by the degree of ionization of drug molecules (Damoiseaux et al., 2014). An 
influential part of absorption is the gut transit time, which is different between men and 
women. Overall, women seem to have a longer gut transit time than men, this is probably 
because of a higher stomach pH (Grossman et al.,1963). The difference in pH levels is an 
important factor in the treatment of depression, since the majority of antidepressants are 
weak bases. The high stomach pH increases the absorption of weak bases, which is further 
enhanced by slow gut transit times and the slower gastric emptying (Bigos et al., 2009). On 
the other hand, a delayed intestinal transit suspends absorption of antidepressants and 
would decrease antidepressant peak levels. The combination of these effects has however 
not yet been studied in antidepressant research (Kokras et al., 2011). 

Gut transit time is still something that is not fully understood in women, since it might 
be influenced by the menstrual cycle (Kashuba et al., 1998). Further studies into the 
hormonal effects on gut transit time however, haven’t yielded satisfactory results and the 
exact effects remain unclear. It is a matter of importance, considering that fluctuations in gut 
transit times could lead to overdoses and adverse effects in women (Damoiseaux et al., 
2014). Further research is needed to fully understand the hormonal effects of the menstrual 
cycle on the absorption of drugs. Further understanding could not only lead to an increase in 
the treatment quality for women, but it can also help studies that use female test-subjects. 
 

Distribution 
The distribution of a drug amongst the body is dependent on two things. Firstly, it is 

dependent on the physicochemical properties of a drug, the affinity for binding proteins and 
the water and lipid properties (Yonkers et al., 1992). Secondly, it is dependent on the body to 
which it is administered, namely the distribution of water and lipids in the body and plasma 
protein levels (Sramek et al., 2011).  

Due to the area of effectiveness of antidepressants, the brain, antidepressants are 
made to cross the blood-brain barrier. For this end, most antidepressants are highly lipophilic 
(Kokras et al., 2011). Women have a higher percentage of body fat and adipose tissue. The 
combination of the lipophilic antidepressants and the high adipose tissue in women can 
result in a higher volume of distribution when compared to men. There is also speculation 
that apart from the volume of distribution in women, they also might have a more rapid and 
extensive distribution, a lower rate of redistribution and a consequently lower clearance 
(Nicolas et al., 2009). 

Apart from the differences in body fat and adipose tissue, there are other differences 
that influence the distribution of antidepressants. Women have a lower intravascular volume, 
lower organ blood flow, lower body weight and less muscle compared with men. All these 
differences may interfere with the volume of distribution of antidepressants (Kokras et al., 
2011). 
 The other factor in distribution, the protein binding of the antidepressants, seems to 
be only partly influenced by sex. Albumin for instance seems not to be influenced by sex, 
whereas lipoproteins and transport protein concentrations may vary between sexes. How 
these proteins influence the pharmacokinetics in both sexes has not been established 
(Meibohm et al., 2002). There are however two different glycoproteins, which are both 
involved in the distribution of antidepressants and are influenced by sex. Namely the alpha1-
Glycoprotein (AAG) and the drug-efflux pump P-glycoprotein. 

The menstrual cycle influences available levels of binding proteins. There is some 
evidence that alpha1-Glycoprotein (AAG) concentrations fluctuate across the menstrual 
cycle, with a peak concentration at menses (Cederblad et al., 1977). The AAG binding 
protein is important for the binding of antidepressants, the peak of concentration that is seen 
at menses could influence the unbound fraction of antidepressant drugs. Whether this 
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change in unbound fraction could result in in clinically relevant changes in unbound fraction 
and therapeutic effects, is however unlikely (Schmidt et al., 2010). 

The drug-efflux pump P-glycoprotein has some distinct effects on antidepressants. 
Firstly, it serves as a barrier for the brain and the gastrointestinal tract and secondly it helps 
to eliminate antidepressants in the liver and kidneys (Kokras et al., 2011). The P-glycoprotein 
is lower in women than in men, which might also be true for other drug transporters 
(Meibohm et al., 2002). Additionally, gonadal hormones downregulate the expression of P-
glycoprotein via the MDR1 gene. The same gene that also increases the absorption of drugs 
via the inhibition of P-glycoproteins’ function in the gastrointestinal tract (Nicolson et al., 
2010). The exact contribution of P-glycoprotein effect on the sex-differentiated 
pharmacokinetics of antidepressants, is not fully understood. 
 

Metabolism 
In a review by Pitychoutis et al.(2010) sex, apart from other inter individual 

differences, is a significant factor that contributes to the observed variability in the 
metabolism of antidepressants. With the influence of hormones as one of the crucial factors. 
Take Gonadotrophin hormone (GH) for instance, which has a different secretion profile 
between males and females. This different pattern of secretion is mainly pre-programmed 
during the development of the brain by estrogens, creating differences between the sexes. 
GH is secreted in discrete pulses in males, where in females it is secreted continuously. The 
different secretion profiles between the sexes directly control the expression and activity of 
the cytochrome P450 (CYP) enzyme, creating sex-differentiated responses to 
antidepressants (Veldhuis et al., 2003). 

According to current knowledge, the largest intersexual difference in pharmacokinetic 
parameters may well be the metabolism of antidepressants (Kokras et al., 2011). Apart from 
what was mentioned before, the metabolism of antidepressants is also largely influenced by 
phase 1 metabolic pathways, which can differ for each antidepressant considering the 
different affinity for the various CYP enzymes. Even similar antidepressants, of the same 
class, may be affected differentially by sex, due to the affinity of each chemical molecule for 
CYP isozymes (Martin et al., 2000).  

Since estrogen is a substrate for several CYP isozymes, and estrogen levels vary 
throughout the menstrual cycle, estrogen can impact the metabolic capacity of these 
enzymes throughout the different phases of the menstrual cycle (Bigos et al., 2009). A CYP 
enzyme which is influenced by estrogen  is CYP2A6, this CYP isozyme was found to be 
induced by estrogen via the estrogen receptor (Higashi et al.,2007). Furthermore, the 
metabolic activity of CYP2B6 seems to have a positive correlation with the increase of 
estradiol during pregnancy. These enzymes seem to indicate that estrogens are capable of 
inducing CYP isozymes (Dickmann et al., 2013), further differentiating female from male 
antidepressant metabolism. Additionally, estrogen might also influence the hepatic 
metabolism by changing the blood flow to the liver and thereby decreasing the hepatic 
metabolism (Frackiewicz et al., 2000). 

Some of the differences in the metabolism of antidepressants are caused by innate 
differences between the sexes, as shown before. Another big factor that separates the two 
sexes by influencing the pharmacokinetic metabolism, is the use of OCs by women 
(Damoiseaux et al., 2014). This is not entirely unexpected, since most OCs contain a 
combination of estrogen and progesterone and as stated before, estrogen can influence 
metabolism. Not surprisingly, the pathways that are affected by OCs are the Phase 1 
metabolic pathways, CYP1A2 is one of the isozymes that is influenced. CYP1A2 is inhibited 
by gonadal steroids, which is reinforced by the use of OCs. Furthermore the clearance of 
CYP1A2 substrates is lower in women. This lower clearance in combination with OCs causes 
drugs that are metabolized by CYP1A2 to accumulate (Schwartz et al., 2007). Also, 
CYP2C19 shows overall less activity in women, which is more pronounced in women taking 
OCs (Tamminga et al., 1999). 

A well-studied cytochrome is CYP2B6, as mentioned before in relation to 
estradiolincrease during pregnancy. There Dickmann et al. (2013) showed a positive 
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correlation between the metabolic activity of CYP2B6 and an increase of estradiol. When 
hormone replacement therapy with estradiol (2mg) and levonorgestrel (250µg) is given to 
women however, their metabolism of CYP2B6 is inhibited (assessed with buproprion). This 
effect was also shown, but to a lesser extent, in women taking an OC that contains 
ethinylestradiol 30µg and desogestrel 150µg (Palovaara et al., 2003). This shows not only 
the effects of estrogen on CYP2B6, but also a possible effect of progesterone. Thus the 
female hormone system and OCs can affect antidepressant metabolism and should be 
considered when prescribing antidepressants. However, these results also show the difficulty 
of studying the effects of hormones in vivo, as in vivo there is always more than one 
hormone affecting metabolism (Damoiseax et al., 2014). 

There are a lot of ways sex hormones can affect the metabolism of antidepressants,  
interestingly this might also work the other way around. Some antidepressants are able to 
inhibit certain CYP enzymes. Fluvoxamine and fluoxetine are such antidepressants, they are 
known to be capable of inhibiting CYP3A4, which is involved in the metabolism of numerous 
drugs. This inhibition of CYP3A4 by antidepressants might shift the metabolism of estrogen 
from CYP3A4 to CYP1A2. This shift between isozymes reduces the production of 16-α-
hydroxyestrone, an enzyme that may have an anticarcinogenic effect on breast cancer 
(Thompson et al., 2003). 
 

Excretion 
The excretion of antidepressants is dependent on the blood flow to the liver and 

kidneys, women are known to have a smaller liver and organ blood flow than men (Kokras et 
al., 2011).  Renal glomerular filtration rate is lower in women than in men, which is 
proportional to body weight (Martin et al., 2000). Additionally, women undergo some changes 
to the physiology of the renal system during the different phases of the menstrual cycle 
(Damoiseaux et al., 2014). 

Research on the subject of excretion is limited, compared to the other three parts of 
the ADME cycle of antidepressants. Data for the excretion of antidepressants are lacking and 
possible effects of sexual differences are therefore not well understood. From the research 
on the renal excretion of other drugs however, there are suggestions that sex differences in 
excretion may very well exist (Schwartz et al.,2007). Research on this subject is needed as 
to create a complete picture of the influences of sexual differences and sex hormones on 
ADME. 
 

DISCUSSION 

 
WHY PERSONALIZED MEDICINE? 

 
Depression is a disease that has to be treated to get it under control, though only 

50% of patients respond to treatment after one treatment trial. Of these patients only 30% 
achieve full remission. The patients who do not achieve remission after one trial are less 
likely to even achieve it at all, remission rates drop significantly with multiple trials. The 
remission rate after four trials is only 60% (Rush et al., 2006). Treatment is long and 
arduous, it can take as long as 8 to 12 weeks to conclude if a trial is a success or a failure. 
This time can frustrate patients and families, increasing suicide risk in patients. Even when 
full remission can be achieved, the time between partial response and full remission is 
enough to act out suicidal thoughts (Sadock et al, 2007). 
 There is a lot of disparity in treatments of depression between men and women, with 
the most notable and researched difference the one between SSRIs and TCAs. SSRIs being 
superior for women with a smaller variation between the two for men (Keers et al., 2010). 
Estrogen seems to be a regulatory mechanism for the distinction between these drugs, 
making women more receptive for SSRIs. Both because of the effects of SSRIs on estrogen 
and the effects of estrogen on the metabolism of TCAs. The fluctuating hormones of the 
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menstrual cycle make it hard to achieve the narrow therapeutic window of TCAs (Hildebrandt 
et al., 2003) , however this doesn’t necessarily mean that we shouldn’t strive for the use of 
TCAs in women. A larger understanding of when and how to use TCAs to treat depression in 
women could have benefits we do not yet know of. Just because a certain type of medicine 
seems to work better statistically, doesn’t mean it should work better personally. 
 The ADME spectrum is essential to our understanding of antidepressant effects and 
our knowledge of the entirety of the spectrum is lacking, however it is very clear that 
treatment and dosage of antidepressants should be based on knowledge about ADME. 
Some parts however, seem more interesting than others, the metabolism, through the CYP 
enzymes, is greatly influenced by estrogens for instance. Estrogens fluctuate during the 
menstrual cycle influencing metabolic capacity of enzymes, influencing drug levels and 
effects (Bigos et al., 2009) and consequently these drugs also influence hormone levels. 
Hypothetically women could be under dosed during three weeks of the menstrual cycle, 
whilst the same dose could be considered an overdose during the last week of the menstrual 
cycle. An antidepressant can be the right fit for a female patient, but our lack of knowledge 
on how to effectively administer the drug increases the overall risks that the drug brings. 
 The Absorption and Distribution parts of ADME both have implications for 
antidepressant use that are influenced by the menstrual cycle. Gut transit time for absorption 
and the distribution by the drug-efflux pump P-glycoprotein are influenced by the menstrual 
cycle (Kokras et al., 2011, Kashuba et al., 1998). But how they are affected and to what 
extent this influences the treatment with antidepressants is not clear. Research should be 
done to show the extent to which these mechanisms are influenced and how large their 
effect is on the body. 

Even though it was only a short part in this article, since they influence the 
metabolism of antidepressants, OCs can influence antidepressive treatment. This effect is 
probably related to the effect of hormones on antidepressant drugs and vice versa. 
Understanding the full range of effects of OCs, or at least in parts, can improve treatment for 
women. This is something that should not be overlooked in future research, considering that 
in a country like the United States, 28 percent of women use oral contraceptives (Jones et 
al., 2012). 
  

IN GENERAL 

 
As shown in this article, there is a large disparity between the way depression has 

been researched in the past and what is needed. Ironically, even though there are twice as 
many women that suffer from depression, research was predominantly done on male 
subjects. There has been a lot of research into sexual differences to make up for this fact, 
what we know however, is not yet enough. This article highlighted a lot of the differences and 
focusses on the female side of the condition, to show what has been missing in anti-
depressive treatment for a long time and to show what knowledge can and should be used to 
improve treatment. Continually, it can benefit both sexes to understand what differences 
there are. 

A broader understanding of the effects of the menstrual cycle on all the parts of the 
ADME spectrum is needed, this is not only needed for better dosage and selection of the 
different kinds of antidepressants. It’s also needed to increase the quality of research into the 
subject. As stated before, a lot of researchers excluded, or exclude, females from clinical and 
preclinical trials because of the difficulty to control for hormone fluctuations during the 
menstrual cycle (Beery et al., 2011).Furthermore it shouldn’t be an argument to exclude 
females from trials, but a sign that we should increase our knowledge of the menstrual cycle 
so we can control for it and keep it in consideration during treatment. 

Male and female bodies react differently to stress, from a neurological standpoint 
women seem to suffer more from prolonged exposure to stress. They have a stronger 
reaction to stress and a slower de-escalation of the HPA-axis drive, combined with estrogen 
that increases ACTH and corticotrophin release. Men seem to get some sort of protection 
from anxiety and stress from due to higher concentrations of testosterone. Whether the 
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disparity between the two sexes in regards to depression is explained by this, remains 
unclear. It can however be an important component in the explanation of the disparity, which, 
in combination with other factors like genomics and interpersonal differences can lead to a 
broader understanding of the condition in general.  
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CONCLUSION 

 
 Antidepressive treatment and antidepressants leave a lot of room for improvement, 
the group that seems to suffer from this fact the most are women. They have been 
underrepresented in depression research for a long time,  while they are overrepresented in 
cases of depression. Research needs to catch up and although a lot of work has already 
been done into the subject, a comprehensive explanation of why more women suffer from 
depression has not been found yet. The role of gonadal hormones, with in particular 
estrogen, is hugely important, nevertheless gonadal hormones do not explain the 
discrepancy on their own. A comprehensive study, which uses genomic, hormonal and 
cultural data is probably needed to unravel this problem.  
 Considering the importance of depression as a disease in our current day and age, all 
research is sorely needed. Researching pharmacokinetic, personal and physiological 
differences between men and women will benefit both groups.With the work that has already 
been done in these subjects, a lot of improvements in treatment already seem possible. It’s 
important that current and future research is quickly translated into clinical research and 
eventually, treatment.Which hopefully can be personalized one day, so we can leave a lot of 
the adverse effects behind us. 
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