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Abstract

Data on drug prescription for outpatients with major depressive disorder (MDD) suggest women are more likely to be treated
with psychotropic drugs, while data on sex differences regarding pharmacological treatment of psychiatric inpatients are cur-
rently not available. Drug utilization data from the program “Drug Safety in Psychiatry” (German: Arzneimittelsicherheit in
der Psychiatrie, AMSP) of 44,418 psychiatric inpatients with MDD were analyzed for sex differences between 2001 and 2017.
Sex differences were analyzed using relative risks (RR) and 95% confidence intervals (95% CI). Time trends were analyzed
by comparing the first (2001-2003) with the last time period (2015-2017). In general, men and women were equally likely
to use psychotropic drugs. Monotherapy was more common in men. Women were more likely to utilize >4 psychotropic
drugs. Antidepressant drugs (ADDs) were the most prescribed drug class. Men had a higher utilization of noradrenergic and
specific serotonergic antidepressants (RR 1.15; 95% CI 1.12-1.19), especially mirtazapine (RR 1.16; 95% CI 1.12-1.19),
but also of other ADDs such as bupropion (RR 1.50; 95% CI 1.35-1.68). Males had a slightly higher utilization of second-
generation antipsychotic drugs (RR 1.06; 95% CI 1.03—1.09) and were less often treated with low-potency first-generation
antipsychotic drugs (RR 0.86; 95% CI 0.83-0.90). Tranquilizing (e.g., benzodiazepines; RR 0.89; 95% CI 0.86-0.92) and
hypnotic drugs (e.g., Z-drugs; RR 0.85; 95% CI 0.81-0.89) were less utilized in the treatment of male patients. Not all sex
differences were stable over time. More sex differences were detectable in 2015-2017 than in 2001-2003. Findings suggest
that certain psychotropic drugs are preferred in the treatment of men vs. women, however, sex differences found in this study
are not as large as in ambulatory settings. To make evidence-based sex-specific recommendations in the treatment of MDD,
differences in drug response and tolerability need to be further researched.
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Introduction

Incidence of depression worldwide has increased by nearly
50% within the past three decades (Liu et al. 2019) with
women remaining twice as likely to suffer from depres-
sion (Herzog et al. 2019). Women suffering from major
depressive disorder (MDD) are more likely to have an ear-
lier age of onset, develop subsequent depressive episodes,
and present a chronic course of illness (Frackiewicz et al.
2000). Studies consistently report a higher utilization of
antidepressant drugs (ADDs) among women within the
ambulatory setting (Boyd et al. 2015; Sundell et al. 2011;
Zhong et al. 2014; Serna et al. 2010; Van der Heyden et al.
2009; Estancial Fernandes et al. 2018). However, this pat-
tern may not necessarily represent the psychiatric inpatient
setting.

Biologically determined sex differences in brain and
physiology play a relevant role in the development of
MDD (Rubinow and Schmidt 2019), expression of clini-
cal symptoms (Altemus et al. 2014) as well as in efficacy
and tolerability of drugs used to treat MDD (Franconi and
Campesi 2014; LeGates et al. 2019). The latter are cur-
rently not fully understood, in part due to a low rate of
women’s participation in clinical trials in the past (Liu
and Mager 2016). In the past, sex differences were largely
ignored—the exclusion of women justified due to the
complexity of the female hormonal cycle which would
complicate investigations (Rubinow and Schmidt 2019).
First implications of sex differences in the treatment of
MDD arose in the late 1960s when T; (L-triiodthyronine)
was observed to be more effective in the augmentation
of antidepressant treatment in women than men—a find-
ing which encouraged further research (Khan et al. 2005).
In the past decades, sex has been finding more extensive
consideration in the treatment of MDD (Khan et al. 2005).

As of now, standardized guidelines on the sex-specific
treatment of MDD are virtually unavailable. A recent review
about sex differences in antidepressant response by LeGates
et al. summarized that there is not a definite consensus on
whether sex differences in antidepressant efficacy actually
exist (LeGates et al. 2019). International guidelines on the
treatment of MDD, such as the recommendations by the
British Association for Psychopharmacology or the German
S3 guideline by the German Association for Psychiatry, Psy-
chotherapy, and Psychosomatics, merely suggest that women
may benefit more from treatment with a selective serotonin
reuptake inhibitor (SSRI) (DGPPN et al. 2017), while men
may respond better to treatment with tricyclic antidepres-
sants (TCAs) (Cleare et al. 2015; DGPPN et al. 2017). The
National Institute for Health and Care Excellence (NICE)
explicitly states, that little evidence supports prescribing pat-
terns in relation to sex (NICE) 2009).
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The aim of this study was to assess the use of psycho-
tropic drugs used in the treatment of patients suffering from
MDD according to sex in a real-life clinical inpatient set-
ting from 2001 to 2017. Because treatment of MDD is not
limited to the use of ADDs, utilization of other psychotropic
drug classes (i.e., antipsychotic drugs (APDs), antiepileptic
drugs (AEDs), lithium (LI), tranquilizing drugs (TRDs), and
hypnotic drugs (HYPDs)) and combination of drug classes
will also find consideration. Furthermore, time trends in the
sex-specific treatment of MDD are analyzed by comparing
the first (2001-2003) with the last (2015-2017) time period
to provide information on more recent utilization patterns
and determine the temporal stability of sex differences.

Methods
Data source

This study used data pertaining to the utilization of psycho-
tropic drugs by patients with MDD collected by the Euro-
pean program “Drug Safety in Psychiatry” (German: “Arz-
neimittelsicherheit in der Psychiatrie”, AMSP). Founded in
1993, AMSP has since gathered data on psychotropic drug
use and severe adverse drug reactions (ADRs) from psy-
chiatric hospitals within a real-life setting. The number of
participating hospitals has increased from nine in 1994 to
52 psychiatric institutions in Germany, Austria, and Swit-
zerland in 2017.

Drug use data are gathered on two reference days per year
on which all participating hospitals document all drugs pre-
scribed on these days including dosages along with further
information on age, sex, as well as psychiatric and somatic
illnesses of patients. Due to the inpatient setting, AMSP is
able to assess actual utilization rates of psychotropic drugs
versus merely prescription rates. A more detailed descrip-
tion of AMSP’s methods can be found elsewhere (Grohm-
ann et al. 2004, 2014; Engel et al. 2004). Data evaluation
and analysis of the AMSP database have been approved by
both the Ethics Committee of the University of Munich and
the Ethics Committee of the Hannover Medical School (Nr.
8100_BO_S_2018).

Study population and design

All patients treated between 2001 and 2017 aged 18—100
years with a primary psychiatric diagnosis of MDD were
included in the study. Other psychiatric comorbidities, such
as anxiety disorders, PTSD, or substance abuse disorders,
were not considered during analysis of data. Drug utilization
data by sex on the reference days were included in further
analyses. MDD was identified using the International Clas-
sification of Disease in its 10th Version (ICD-10) (WHO
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1992) and categorized as mild (F32.00, F32.01, F33.0,
F33.00, F33.01), moderate (F32.1, F32.10, F32.11, F33.1,
F33.10, F33.11), and severe depression without (F32.2,
F33.2) or with psychotic symptoms (F32.3, F33.3). By
including all degrees of severity, this study aims to provide
a comprehensive insight in the psychopharmacological treat-
ment of all inpatients with MDD. Prior to 2018—and there-
fore including the entire data collection period—patients
suffering from non-severe depression could receive inpa-
tient care. This later changed after implementation of a new
remuneration system which led to a tightening of admission
criteria.

Classification of psychotropic drugs
ADDs were categorized as follows:

— SSRIs: escitalopram, citalopram, sertraline®

— Selective serotonin-norepinephrine reuptake inhibitors
(SSNRIs): venlafaxine, duloxetine®

— TCAs: trimipramine, amitriptyline, doxepin*

— Noradrenergic and specific serotonergic antidepressants
(NaSSAs): mirtazapine*

— Monoamine oxidase inhibitors (MAOIs): tranylcy-
promine, moclobemide**

— Other ADDs: trazodone, bupropion, agomelatine*

APDs were classified as “first-generation antipsychotics”
(FGAs) or “second-generation antipsychotics” (SGAs).
FGAs were sub-classified as “low potency” (Ip) or “high

potency” (hp).

— Ip FGAs: pipamperone, promethazine, prothipendyl,
melperone*

— hp FGAs: haloperidol, perazine, flupentixol**

— SGAs: quetiapine, olanzapine, risperidone, aripiprazole*

HYPDs primarily included the Z-drugs (zopiclone,
zolpidem*). The group of TRDs mainly consisted of ben-
zodiazepines (especially lorazepam, diazepam, oxazepam*).
Finally, relevant AEDs included valproic acid, lamotrigine,
and pregabalin*.

*Only drugs used in the treatment of >2.5%patients are
listed.

**Because of very low overall utilization in these drug
groups, drugs used in the treatment of >0.5% patients are
listed.

Statistical analysis
Sex-specific drug utilization was analyzed by calculating

relative utilization rates between sexes as relative risks
(RR) together with their 95% confidence intervals (95%

CI). Changes in the sex-specific use of drugs over time were
analyzed for two observation periods, namely 2001-2003
and 2015-2017. In addition to time-specific RRs, relative
risk ratios (RRR) were calculated with their 95% confidence
intervals to quantify the interaction term sex by time. RRs
and RRRs were considered statistically significant when the
null value (i.e., 1.0) was not included in the 95% CI.

Results

Sociodemographic and illness-related data
according to sex

44,418 patients with a primary diagnosis of MDD were
treated in the participating hospitals from 2001 to 2017.
62.7% of patients were female. Table 1 shows the distribu-
tion of characteristics (i.e., age groups, severity of MDD,
number of psychotropic drugs) between sexes. Women
were older than men (Q: 51.53 vs. J: 48.81 years). Sever-
ity of MDD showed only slight differences between sexes.
Most common diagnosis among both men and women was
severe depression without psychotic symptoms (9: 58.6%;
&' 58.2%), followed by moderate depression (2: 27.9%; 3
27.5%), and severe depression with psychotic symptoms (%:
12.4%; &: 12.9%). The diagnosis of mild depression was
rare in this sample of inpatients. Most patients (9: 96.2%; 3
95.3%) were treated with psychotropic drugs. Men were 23%
more likely not to receive any psychotropic medication and
9% less likely to be treated with four or more psychotropic
drugs than women (Table 1).

Prescription trends of psychotropic drugs according
to sex

Antidepressant drugs

ADDs were the most used psychotropic drug class; how-
ever, they were used less often in the treatment of both men
and women in 2015-2017 (3: 84.1%; Q: 86.4%) than in
2001-2003 (Q: 89.1%; 3: 90.0%). NaSSAs—mainly con-
sisting of mirtazapine—were the ADD-subgroup with the
greatest sex difference in utilization rates. NaSSAs were
used more frequently in the treatment of men. In 2001-2003,
use of mirtazapine was equal among both sexes, whereas uti-
lization rates of mirtazapine were relevantly higher among
male patients in 2015-2017 (Table 2).

Overall utilization of SSRIs was minimally higher
among females, in particular in 2015-2017. This trend was
especially noticeable for escitalopram, which was used
more often in the treatment of MDD in 2015-2017 than
2001-2003 in general, and especially among women. Use of
SSNRIs as a group did not show relevant sex differences at
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Table 1 Characteristics of the

‘ . M F RR (95% CI)
study population according to
sex N (%) N (%)

Total 16,547 37.3 27,871 62.7

Age in years (mean) 48.81 51.53

Age groups
<31 2466 14.9 3585 12.9 1.15(1.10-1.22)
31-60 10,396 62.8 16,019 57.5 1.09 (1.08-1.11)
61-90 3661 22.1 8197 29.4 0.75 (0.73-0.78)
>91 24 0.1 70 0.3 0.58 (0.36-0.92)

Diagnosis
Mild depression 236 1.4 314 1.1 1.27 (1.07-1.50)
Moderate depression 4543 27.5 7773 27.9 0.98 (0.95-1.02)
Severe depression 9636 58.2 16,326 58.6 0.99 (0.98-1.01)
Severe depression with psychosis 2132 12.9 3458 12.4 1.04 (0.99-1.09)
Pat. receiving any psychotropic drugs 15,764 95.3 26,799 96.2 0.99 (0.99-0.99)
N psychotropic drugs (mean) 2.60 2.68

N psychotropic drugs
0 783 4.7 1072 3.8 1.23 (1.12-1.35)
1 3553 21.5 5527 19.8 1.08 (1.04-1.12)
2 4923 29.8 8246 29.6 1.00 (0.98-1.03)
3 3847 232 6690 24.0 0.97 (0.94-1.00)
44+ 3441 20.8 6336 227 0.91 (0.88-0.95)

N number, M males, F females, df degrees of freedom, pat. patients, RR relative risk, 95% CI 95% confi-

dence interval

any time point. Duloxetine was used 13% less frequently in
the treatment of men than women in 2001-2017 (Table 2).

Use of “other ADDs” greatly increased from 2001-2003
to 2015-2017. Within this heterogeneous group, trazodone
was the most used drug. Rarely used in 2001-2003, trazo-
done was more commonly utilized in 2015-2017, especially
among women. Data for bupropion and agomelatine were
only available for the later timeframe. From 2015 to 2017,
utilization of bupropion was almost 1.5 times higher among
men, while men were less likely to be treated with agomela-
tine (Table 2).

TCAs were used slightly more often in the treatment of
women from 2001 to 2017. Sex-specific utilization and time
trends for MAOISs as well as for other individual ADDs can
be found in Table 2.

Antipsychotic drugs

Almost half of men and women were treated with APDs
from 2001 to 2017 (J3: 49.3%; Q: 49.4%). APD-use was
slightly higher among men in 2015-2017. Men were more
likely to be treated with SGAs—this trend was especially
apparent in 2001-2003 at which time SGAs were used in
the treatment of 30.1% of men and 24.7% of women. In
2015-2017, SGA utilization rates were higher among both
sexes (3: 41.1%; Q: 37.4%) than in 2001-2003 but did not
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differ as much between sexes. Similar patterns were found
for the use of olanzapine. Utilization of quetiapine was
low in 2001-2003, whereas its utilization was 6.5 times
higher among women and eightfold higher among men in
2015-2017. At this time, men were more likely to be treated
with quetiapine (Table 3).

Utilization of Ip FGAs in general as well as of the four
most commonly used individual substances (i.e., pipamper-
one, promethazine, prothipendyl, melperone) was lower in
men overall as well as in both time periods. Use of hp FGAs
did not show any relevant sex differences (Table 3).

Tranquilizing and hypnotic drugs

TRDs were the third-most utilized drug class. Men were
11% less likely to be treated with TRDs (3: 27.2%; $:
30.5%). TRD use decreased from 2001-2003 to 2015-2017.
While in 2001-2003, utilization of TRD did not show a sex
difference, women had slightly higher utilization rates in
2015-2017. Lorazepam was the most prescribed TRD,
also with lower use among male patients. Use of diazepam,
much less used than lorazepam overall, further decreased in
2015-2017 and was used more by men (Table 4).

HYPDs were the fourth-most used drug class from 2001
to 2017 and were used less frequently in the treatment of
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men. Sex-related use of HYPDs did not differ in 2001-2003.
In 2015-2017, men had a 26% lower HYPD utilization than
women and therefore comprised the drug class with the
greatest sex difference in 2015-2017 (Table 4).

Antiepileptic drugs and lithium

Overall AED utilization was slightly higher among females,
especially in the later time period. In 2015-2017, men were
less likely to be treated with lamotrigine and pregabalin.
The sex ratio was reversed for the use of lithium. Lithium
salts were the least utilized psychotropic drug class. Men
had 14% higher utilization rates of lithium from 2001 to
2017 (Table 4).

Trends in polypsychopharmacy

Concurrent utilization of ADD + APD was the most com-
mon drug combination among men and women and used
by half of all male and female ADD users (J3: 50.3%; @:
50.1%). ADD + APD was slightly more often used in treat-
ment of men in 2015-2017. Second-most common combi-
nation was the concomitant utilization of two ADDs (J:
32.0%; Q: 31.1%) which did not show any relevant sex-
specific trends. Use of ADD +TRD (J: 28.0%; 9: 31.0%)
was the third-most common drug combination. Utilization
of ADD +TRD was higher among females from 2001 to
2017 and 2015 to 2017. The combination of HYPDs and
AEDs with ADDs both showed a higher utilization among
women in 2015-2017 without any clear sex differences in
2001-2003 (Table 5).

ADD and concomitant utilization of Ip FGAs

Concomitant use of Ip FGAs with different ADD-subgroups
was lower among men during the overall observation
period, especially for Ip FGA 4+ SSRI and Ip FGA 4+ NaSSA.
However, sex differences for 1p FGA + SSRI and lp
FGA + NaSSA were no longer detectable in 2015-2017;
thus, this drug combination had the most significant change
in sex differences from 2001-2003 to 2015-2017. In
2015-2017, use of Ip FGA 4+ SSNRI was the only combina-
tion of ADD-subgroup with Ip FGAs with a sex difference
showing higher utilization among women (Table 6).

ADD and concomitant utilization of SGAs

Utilization of SGA 4+ ADD increased for all ADD sub-
groups (i.e., SSRIs, SSNRIs, NaSSAs) from 2001-2003
to 2015-2017. Concomitant treatment with an SGA was
highest among SSNRI users during both the entire observa-
tion period, 2001-2003, and 2015-2017. This combination
was used more in male patients overall and in 2001-2003

@ Springer

but no longer in 2015-2017. Use of SSRI+ SGA was used
more in the treatment of men in 2001-2003 and 2015-2017
whereas no sex differences were observed for NaSSA + SGA
(Table 6).

Concomitant utilization of two antidepressant drugs

Male SSNRI users were 36% more likely to also be treated
with NaSSAs than females from 2001 to 2017. This was also
the case in 2015-2017. The combined use of SSRI+ NaSSA
did not show a sex difference from 2001 to 2017. However,
this combination of ADDs was used more in the treatment
of male SSRI users than females in 2015-2017 (Table 6).

ADD and concomitant utilization of TRDs and HYPDs

When examining the overall time period, concomitant
use of TRDs was 9% lower among male NaSSA users and
18% lower among male SSRI users. Sex differences were
not detectable in 2001-2003 or 2015-2017. Utilization of
SSNRI+TRD did not show sex differences overall or at any
time point (Table 6).

From 2001 to 2017, HYPD use was 29% lower among
lower among male NaSSA users and 22% lower among
male SSRI users. Concomitant use of HYPDs with SSRIs,
SSNRIs, and NaSSAs was higher among female patients in
2015-2017. In 2001-2003, use of these drug combinations
did not differ between sexes. SSRI+HYPD was the com-
bination with the most prominent sex difference (Table 6).

Most used combinations of two psychotropic drugs

The most frequently used combination and with a 7% higher
utilization among men was mirtazapine + lorazepam (2802
patients from 2001 to 2017, i.e., 22.7% of male mirtazapine
users vs. 24.4% of female mirtazapine users; RR 0.93; 95%
CI 0.87-0.99). Second-most common was the concomitant
use of venlafaxine + mirtazapine (2270 patients; i.e., 28.1%
of male venlafaxine users vs. 23.2% of female venlafaxine
users). Male venlafaxine users were 21% more likely to
receive this drug combination (95% CI 1.13-1.30). A sex
difference was not detectable when considering this combi-
nation from the perspective of mirtazapine users—venlafax-
ine was concomitantly used by 19.5% of male and 19.0% of
female mirtazapine users. Third-most common drug com-
bination was venlafaxine 4+ quetiapine (2002 patients) used
by 22.0% and 22.1% of male and female venlafaxine users,
respectively.

Most used combination of three psychotropic drugs

Nearly one-fourth of women and men were treated with
three psychotropic drugs (Table 1). The most common triple
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psychotropic drug class combination among both men and
women was ADD + APD + TRD. Men had a lower risk of
being treated with this combination in 2001-2017, however,
utilization of this drug group combination was equal among
men and women in 2015-2017. The second-most common
triple combination among both sexes was the use of two
ADDs and an APD—a drug combination more frequently
used in the treatment of male ADD users than females. This
combination was more utilized in 2015-2017, at which time
utilization was also higher among men (Table 5).

Venlafaxine, mirtazapine, and lorazepam were the most
used combination of individual drugs (605 patients; i.e.,
7.3% of male venlafaxine users vs. 6.3% of female users or
5.1% of male mirtazapine users vs. 5.2% of female users).
Mirtazapine, quetiapine, and lorazepam were used by 570
patients (4.9% of male mirtazapine users vs. 4.8% of female
users), followed by venlafaxine, mirtazapine, and quetiapine
(500 patients; i.e., 4.6% of male mirtazapine users vs. 4.0%
of female users or 6.6% of male venlafaxine users vs. 4.9%
of female users). None of the most common triple combina-
tions showed relevant sex differences.

Discussion

The present study focuses on sex differences of psycho-
tropic drug utilization in the treatment of psychiatric inpa-
tients with MDD over a 17-year period. In order to detect
time trends in sex-specific drug utilization, the timeframes
2001-2003 and 2015-2017 were also analyzed. To the
best of our knowledge, this is the first study investigating
drug utilization trends of patients with MDD with special
attention to sex differences over time within the inpatient
psychiatric setting. A more detailed analysis of time trends
in the utilization of psychotropic drugs during this time
period can be found elsewhere (Seifert et al. 2021). In brief,
overall utilization of ADDs decreased slightly during this
timeframe. TCAs were used less frequently in 2015-2017,
whereas utilization of SSRIs and “other ADDs” increased.
More patients were treated with a combination of two ADDs
in 2015-2017 than 2001-2003. Further, APDs, especially
SGAs, appeared to “replace” the use of TRDs and HYPDs
(Seifert et al. 2021).

Sex differences in psychotropic drug utilization

Utilization of psychotropic drugs is associated with a
patient’s likeliness to seek medical care (Subramaniam et al.
2013), a factor that has been eliminated in inpatient setting
in which treatment has already been sought. The present
study was able to confirm some of the observations other
researchers have made, however, relative risks for the use
of psychotropic drug groups were usually not as discrepant

among this collective of inpatients as among the outpatient
collectives analyzed by other authors. For example, while
Serna et al. found that Spanish men were about 60% less
likely to use any psychotropic drug than women (Serna et al.
2010), over 95% of both male and female inpatients exam-
ined in this study were treated with at least one psychotropic
drug. A majority of currently available studies have found
higher psychotropic drug utilization among women within
the ambulatory setting (Sundell et al. 2011; Luo et al. 2020;
Zhong et al. 2014; Estancial Fernandes et al. 2018; Serna
et al. 2010; Boyd et al. 2015)—a plausible finding when
considering that common mental disorders such as MDD
are more prevalent in women (Herzog et al. 2019). The high
utilization of psychotropic drugs among inpatients allows
a more differentiated look at sex-related utilization trends
of psychotropic drug classes and individual drugs, which
previous studies have rarely commented on.

Population-based RRs for the utilization of ADDs (Boyd
et al. 2015; Van der Heyden et al. 2009; Estancial Fernandes
et al. 2018; Sundell et al. 2011; Zhong et al. 2014; Serna
et al. 2010; Luo et al. 2020; Yu et al. 2020) by women has
been noted to be up to 2.42 (Serna et al. 2010) times higher
than by men. Studies considering subclasses of ADDs found
that women were more likely to be treated with SSRIs (Sun-
dell et al. 2011; Gonzalez-Lépez et al. 2015) and TCAs
(Sundell et al. 2011). The study which presents the most
detailed description of sex-specific drug utilization patterns
among outpatients with MDD was performed by Sundell
et al. They found that citalopram and sertraline followed
by venlafaxine and mirtazapine were the most frequently
prescribed ADDs among a Swedish outpatient population of
young adults aged 20-34 years. Men were more than twice
as likely to be prescribed mirtazapine (RR 2.22), while
women had a 10% higher chance of being prescribed SSRIs,
especially fluoxetine (RR 1.70), and were 14% more likely
to use TCAs. Among SSNRIs, use of duloxetine was 13%
lower among men, whereas men had 21% higher odds of
being prescribed venlafaxine (Sundell et al. 2011).

In the present study, the greatest sex difference in ADD-
utilization was found for NaSSAs. NaSSAs were also the
only ADD subgroup which were used more often in the
treatment of men than women (RR 1.16 from 2001 to 2017).
Female patients were treated with TCAs more often dur-
ing the overall observation period, however, this trend was
not detectable at either time point. Utilization of SSRIs was
higher among women during the later time period, whereas
a sex difference was not detectable in 2001-2003. The shift
to higher utilization of SSRIs in the treatment of women is
potentially due to the application of the German S3 guide-
lines in which the higher efficacy of SSRIs in the treatment
of women is mentioned without being definitively recom-
mended (DGPPN et al. 2017).

@ Springer
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Sex differences in the use of anxiolytic drugs are reported
inconsistently. Several authors were unable to detect sig-
nificant sex differences in the dispensation of benzodiaz-
epines (Van der Heyden et al. 2009; Estancial Fernandes
et al. 2018; Subramaniam et al. 2013). Among the general
population, Boyd et al. found German women were more
likely to be treated with benzodiazepines. When adjusted
for prevalence of anxiety disorders and MDD, utilization
of benzodiazepines did not show any sex differences in the
German ambulatory setting (Boyd et al. 2015). Higher ben-
zodiazepine use was found among Portuguese, Bulgarian,
French, and Spanish women with MDD (Boyd et al. 2015).
The results presented here show that utilization of HYPDs
and TRDs has shown significant changes during this study’s
17-year observation period. Use of both drug groups has
decreased from 2001-2003 to 2015-2017. Synchronously,
sex differences have appeared. In more recent years, women
have been more likely to be treated with these drug groups,
especially HYPDs.

Sex differences for the prescription of APDs and mood-
stabilizing drugs, such as AEDs and lithium, among patients
with MDD are largely unavailable. A study examining the
population-based prevalence of psychotropic drug use over
a 12-month period in ten European countries found that the
use of APDs and mood-stabilizing drugs did not show any
significant sex differences among patients with mood disor-
ders in any country (Boyd et al. 2015). Results presented in
this study show that alongside a decline in TRD and HYPD
utilization from 2001-2003 to 2015-2017, overall use of
APDs increased. This may signify that TRDs and HYPDs
are being replaced by other psychotropic drug classes that
do not carry a risk for dependency. This seems to be the case
especially among male patients. While TRD and HYPD use
was not sex-dependent in 2001-2003, this study revealed in
particular a relevantly higher (i.e., 25%) HYPD utilization
among women in 2015-2017. Compared to this, APD utili-
zation among men only showed a disproportionately small
increase (i.e., 6%) indicating that there may also be further
underlying considerations, such as ADRs, that decidedly
affect selection of drug prescriptions.

Sundell et al. found that men were significantly more
likely to be treated with AEDs, such as carbamazepine,
lamotrigine, and valproic acid, whereas the use of lithium
showed no sex-related trends (Sundell et al. 2011). Higher
use of lithium has been described among male patients with
bipolar disorder, while women were more often treated with
lamotrigine (Karanti et al. 2015). The same study found sim-
ilar prescription rates of APDs and other mood-stabilizing
agents including valproic acid among sexes (Karanti et al.
2015). In this study, valproic acid showed a very prominent
utilization trend of preferred use among male patients—
a finding that is not surprising under consideration of the
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drug’s teratogenic properties as well as the risk for hormonal
abnormalities (Gotlib et al. 2017). This sex-specific recom-
mendation found more consideration in 2015-2017 at which
point utilization of valproic acid was lower and utilization of
lamotrigine was higher in the treatment of female patients.

Sex differences in response to psychotropic drugs

Undeterred by years of research, recommendations for sex-
specific treatment of MDD are largely speculative. While
many authors are unable to detect any sex-based differences
of the efficacy of ADDs, others state superiority when used
in either males or females. However, findings are incon-
sistent (Sramek et al. 2016). It appears that SSRIs and to
a lesser extent SSNRIs may be superior in the treatment of
women. Men, on the other hand, may respond better to TCAs
(Sramek et al. 2016). In a meta-analysis including 15 stud-
ies, Khan et al. examined sex-specific treatment response.
While both sexes showed significant improvement, women
improved to a greater extent than men when treated with
an SSRI, while treatment with an SSNRI showed similar
responses among sexes (Khan et al. 2005). Unfortunately,
most of these studies do not take the occurrence of ADRs
into account (Sramek et al. 2016) which are often pivotal
in the acceptance of any medication (Sansone and Sansone
2012).

Serotonergic ADRs often caused by SSRIs and SSN-
RIs may induce or worsen pre-existing sexual dysfunction
(Montejo et al. 2019b). While sexual dysfunction as an ADR
affects men and women equally, it may be more poorly toler-
ated by men (Montejo et al. 2019a) resulting in cessation of
the drug or decreased willingness to start treatment in the
first place. Bupropion and mirtazapine are associated with a
lower incidence of sexual dysfunction (Montejo et al. 2019b)
and may therefore be preferred by men. This may in part
explain the higher utilization of mirtazapine, and even more
significantly bupropion, as found in this study.

Higher utilization of 1p FGAs by women and SGAs by
men was consistent both in 2001-2017 and 2015-2017. A
reason for this may also be the underlying clinical considera-
tions regarding potential ADRs. Weight gain is frequently
associated with certain psychotropic drugs, especially
SGAs, such as olanzapine and quetiapine, but also ADDs,
such as mirtazapine (Schneider et al. 2020), which each
showed higher utilization among men at some point during
this study’s observation period. Mirtazapine and olanzap-
ine showed sex differences during the overall observation
period. Initially in 2001-2003, mirtazapine had similar uti-
lization rates among sexes with significant differences in uti-
lization in 2015-2017. At this time, quetiapine also showed
higher use among men, which was not the case in the overall
observation period or in 2001-2003. Among drugs with the
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greatest risk for weight gain, quetiapine showed the small-
est sex difference overall and also in 2015-2017, perhaps
because quetiapine (extended release) is the only APD that
is in-label for the treatment of MDD according to German
guidelines (DGPPN et al., 2017).

Parallel to the increased use of weight gain-inducing psy-
chotropic drugs by men, utilization of HYPDs and TRDs
showed more discrepant sex differences in 2015-2017 along-
side agomelatine and trazodone—all of which are ascribed
a lower risk of weight gain while also having sedating and/
or sleep-promoting properties (Fachinfo-Service 2020). Per-
haps this indicates that women were even less willing to
tolerate potential weight gain during the later timeframe.
This may not be without reason as women may be more
susceptible to psychotropic drug-induced weight gain (See-
man 2009, 2020; Tandon et al. 2020) and have a harder time
subsequently losing gained weight (Seeman 2009).

Sex differences in biology and pharmacokinetics
of psychotropic drugs

Research suggests that sex strongly interacts with many brain
function due to hormonal effects and effects of genomic
sex (i.e., presence of two X-chromosomes or one X- and
one Y-chromosome) (Rubinow and Schmidt 2019). These
processes, though not understood in full, provide possible
explanations for the higher incidence of MDD in females
(Rubinow and Schmidt 2019) and are also postulated to have
relevant effects on the treatment of depression (Hernandez-
Hernéandez et al. 2019). Progesterone, for example, has
shown to induce an enhanced receptor binding of benzodi-
azepines making these drugs more potent when used in the
treatment of women (Farkouh et al. 2020). This may present
a possible explanation for the higher use of benzodiazepines
in the treatment of women in this patient collective.
Furthermore, there are sex-related differences in the
metabolism of drugs via cytochrome P450 (CYP) enzymes.
CYP3A4 is well-researched on this behalf and has been
found to be up to 50% more active in adult Caucasian women
(Farkouh et al. 2020), while CYP1A2 activity is higher in
males (Scandlyn et al. 2008). It seems rather unlikely that
the consideration of CYP-enzyme profiles according to the
patient’s sex played a relevant role in a clinician’s choice to
prescribe a certain drug or refrain from doing so. However,
activity of CYP-enzymes plays a decisive role in how a drug
is metabolized and lastly how well it is tolerated by a patient.
These implications may have led clinicians to observe that
certain drugs are tolerated better when used in the treat-
ment of either men or women. Under consideration of their
pharmacokinetic profiles, these observations can be applied
to some of the respective isoenzymes’ substrates in this
study. Trazodone, a substrate of CYP3A4 (Procyshyn et al.
2019), was used more in the treatment of female patients in

this study, while the CYP1A2 substrate olanzapine (Pro-
cyshyn et al. 2019) showed higher use among males. This
does not hold true for all sex differences observed among
psychotropic drugs. For example, duloxetine is primarily
metabolized via CYP1A2, while the major pharmacokinetic
pathways of mirtazapine include CYP3A4 (Procyshyn et al.
2019). Consideration of activity of CYP-enzymes according
to the above-mentioned sex differences alone will not guar-
antee a successful drug treatment—for this purpose, CYP
testing to detect inter-individual variability in drug response
remains the gold standard (Samer et al. 2013).

Sex differences in help-seeking behavior, symptom
presentation, and polypsychopharmacy

Epidemiological studies on the prevalence of MDD con-
sistently report that women have a two-fold increased risk
of being diagnosed with MDD (Herzog et al. 2019). The
higher willingness of women to seek professional help for
their emotional problems is well-known (Frackiewicz et al.
2000). This of course does not apply in the same extent to
the inpatients in this collective who are already in psychi-
atric treatment, but it may be one possible explanation for
the higher use of psychotropic drugs among women in pop-
ulation-based settings. If men are more hesitant to report
symptoms of MDD to a physician, concomitant psychotropic
drug use arising from symptoms such as sleeping disorders
would also be expected to be lower in the inpatient setting.

In general, women with MDD are three times more likely
to present with atypical symptoms (e.g., anxiety, irritability,
increased appetite) (Halbreich and Kahn 2007). Females are
more likely to ruminate, complain of somatic discomfort,
such as autonomic cardio-respiratory and gastrointestinal
symptoms, and suffer from comorbid psychiatric diagnoses,
such as anxiety, panic, and eating disorders (Gorman 2006;
Halbreich and Kahn 2007). Somatic symptoms have shown
to preferentially respond to SSRIs (LeGates et al. 2019),
however, these manifestations may not be sufficiently alle-
viated by treatment with an ADD alone, therefore leading
to the prescription of other psychotropic drugs. This may
explain why female patients in this study, but also in other
studies (Boyd et al. 2015), are more likely to be prescribed
a higher number of psychotropic drugs, such as TRDs and
HYPDs, which were both more frequently used in the treat-
ment of women, as well as pregabalin — an AED primarily
used for its anxiolytic and not its mood-stabilizing proper-
ties. Men, on the other hand, are more likely to externalize
symptoms and report substance misuse, impulsivity, over-
involvement in work (Oliffe et al. 2019), and tension within
interpersonal relationships (Altemus et al. 2014)—symp-
toms which are not included by diagnostic criteria resulting
in frequent oversight (Oliffe et al. 2019).
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While female SSRI and NaSSA users were both more
likely to simultaneously use HYPDs and TRDs, this study
was unable to identify comparable sex differences among
SSNRI users. This may indicate that SSNRIs cause more
psychiatric ADRs, such as agitation, sleep disorders, and
anxiety, in general which in turn raise the demand for symp-
tom-driven prescription of sedating drugs, such as HYPDs
and TRDs, regardless of sex. This study found that male
venlafaxine users were more likely to concomitantly utilize
other psychotropic drugs with sedating properties, such as
mirtazapine and SGAs, than their female counterparts, per-
haps again indicating that men are more willing to utilize
weight gain-inducing drugs to achieve sedating effects.

Apart from the use of psychotropic drugs, the treatment
of MDD includes numerous non-pharmacological treatment
strategies, such as psychotherapy and electroconvulsive ther-
apy (ECT). A minority (i.e., 1.72%) of patients with affec-
tive disorders in Germany are prescribed ECT (Timéus et al.
2021). Females have been reported to more often receive
ECT (Timaéus et al. 2021; Buley et al. 2017; Wood and Bur-
gess 2003), while at the same time, recipients of ECT are
treated with a substantially higher number of ADDs, APDs,
HYPDs, and TRDs (Wilkinson et al. 2018). Psychotherapy,
on the other hand, is much more commonly encountered
treatment method. Outpatient data from Germany sug-
gest that women are more likely to receive psychotherapy
(Epping et al. 2017). The combined use of psychotherapy
and pharmacotherapy has been associated with superior out-
comes in the treatment of MDD than either strategy alone
(Cuijpers et al. 2014). While data on concurrent ECT and
psychotherapy are not available for this patient collective,
these findings from other studies may further implicate an
increased willingness of females to seek and acquire mental
health care both of pharmacological and non-pharmacolog-
ical entity.

Limitations

The data presented here only represent a descriptive analysis
of the current state of drug utilization based on sex during
a 17-year time period. Other clinically relevant aspects also
potentially significantly determining the selection of psy-
chotropic drugs, such as patient age, (psychiatric) comor-
bidity, and severity of MDD, were not considered in this
study. As collected data and reported diagnoses are based on
routine clinical data, certain aspects (e.g., somatic diagno-
ses, other sociodemographic characteristics) were not fully
documented. Information on the use of non-pharmacolog-
ical treatment options, such as psychotherapy and ECT, is
not accessible. Further, data regarding clinical aspects of
treatment, such as course of clinical symptoms and the
occurrence of ADRs, as well as (psychiatric) comorbidities

@ Springer

indicating the use of a psychotropic drug (such as AEDs
for epilepsy) was not available. Therefore, the rationale
behind the selection of a certain drug/drug group was not
verifiable for this collective of inpatients. It would also not
be retraceable, if the utilization of multiple drugs was due
to cross-tapering strategies to some extent when switching
from one psychotropic drug to another, thus resulting in an
overestimation of utilization rates and polypsychopharmacy.

Conclusion

This study examining the psychopharmacological treatment
of inpatients with MDD detected several relevant differences
between men and women from 2001 to 2017. Monotherapy
was more common among male patients, whereas women
had a higher risk of being treated with four or more psy-
chotropic drugs. Men and women were equally likely to be
treated with ADDs. Utilization of NaSSAs (mainly mir-
tazapine) and bupropion was higher among men, whereas
other ADD-subgroups (e.g., SSRIs and TCAs) showed only
minimal sex differences. APDs were used in the treatment of
almost half of both men and women, with an increasing utili-
zation trend in 2015-2017, especially among men. Men had
higher use of SGAs, whereas women were more likely to use
Ip FGAs. Use of TRDs and HYPDs showed a consistently
higher utilization in female inpatients, which was even more
pronounced for HYPD use among women in 2015-2017.

The clinical data presented here show that men and
women with MDD are treated differently in terms of psy-
chopharmacological approaches. While the sex differences
found in this study are not as large as found by other authors
among the ambulatory setting, they are clearly detect-
able, especially in the later timeframe of this study (i.e.,
2015-2017). This indicates that the wide-spread discus-
sion of the effect of sex is also finding consideration in the
treatment of MDD in naturalistic, clinical settings. Current
research suggests that sex differences in the development
and treatment of MDD may be of unprecedented importance.
Sex-specific recommendations in the treatment of MDD are
yet to be made. Further research is needed to validate and
better comprehend sex differences in the treatment response
to psychotropic drugs.
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