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Abstract: The long-term use of benzodiazepines is not recommended for the treatment of major
depressive disorder (MDD) due to the risk of adverse effects, including dependence, falls, dementia,
mortality and the lack of evidence of effectiveness for symptoms other than anxiety. However, there are
many patients with MDD for whom antidepressants are co-administrated with benzodiazepines.
This study aimed to identify whether the use of benzodiazepines is associated with a lower
risk of relapse or recurrence of MDD in some patients, and the characteristics of these patients.
Kaplan—-Meier survival analysis was used to quantify the relapse and recurrence of MDD in
108 patients with MDD who achieved remission during hospitalization. Among them, 26 patients
had been diagnosed with severe MDD with psychotic features. There was no significant difference
in the rate of relapse/recurrence between patients with and without benzodiazepines when all
patients were analyzed together. However, among the 26 patients with psychotic depression,
21.2% in the benzodiazepine group and 75.0% in the non-benzodiazepine group experienced relapse
(log rank p = 0.0040). Kaplan-Meier survival analysis revealed that this effect was dose-dependent.
The adjunctive use of benzodiazepines may reduce relapse/recurrence rates in patients with severe
MDD with psychotic features.
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1. Introduction

Preventing the relapse or recurrence of major depressive disorder (MDD) is a major clinical goal.
The standard approach is to continue medication with antidepressants for a sufficient period after the
achievement of remission [1-3]. However, even with optimal medication adherence, there are some
patients who are prone to relapse [1-3]. It is necessary to develop appropriate treatment strategies for
such patients.

Benzodiazepines are generally not recommended for the treatment of depression due to the high
risk of dependency [4]. Benzodiazepines are also associated with other adverse effects, such as increased
risk of falls [5], increased incidence of dementia [6,7] and increased mortality [8]. Although the use of
benzodiazepines with antidepressants results in fewer treatment dropouts and greater improvement
in depressive symptoms in the first 4 weeks of treatment than the use of antidepressants alone, there is
no evidence that it is better over the long term [9,10]. Similarly, although clinicians occasionally use
benzodiazepines alongside antidepressants to alleviate anxiety or persistent sleep disorders, there are
no systematic data demonstrating the effectiveness of benzodiazepines in the maintenance of remission
in depression [11]. However, a substantial number of patients with depression use benzodiazepines
over a long time frame [12,13]. Thus, it is important to determine whether the use of benzodiazepines
is associated with a lower risk of relapse or recurrence of MDD in some patients, and to identify
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the characteristics of these patients, because it will minimize the use of benzodiazepines and aid the
development of appropriate treatments for patients who are prone to relapse.

To address these discrepancies between the literature and clinical practice, we used data of the
clinical course after discharge of patients hospitalized with MDD at the Tokyo Medical and Dental
University Hospital, and described a subgroup of patients in which the use of benzodiazepines is
associated with the rate of relapse and recurrence.

2. Materials and Methods

2.1. Ethics Statement

The study was approved by the Institutional Ethics Committee of Tokyo Medical and Dental
University (M2017-261), and was in accordance with the Helsinki Declaration and Ethical Guidelines
for Medical and Health Research Involving Human Subjects in Japan. All the participants signed their
written informed consent.

2.2. Study Cohort

All patients who were hospitalized between 1 January 2012 and 31 December 2017 at the department
of psychiatry at Tokyo Medical and Dental University Hospital were screened. The inclusion criteria
were a diagnosis of MDD or recurrent MDD at hospital admission and full remission at discharge,
according to the Diagnostic and Statistical Manual of Mental Disorders-IV-TR (DSM-IV-TR). Remission
was defined as a Hamilton Depression Rating Scale (HAMD-17) score of <8 for two consecutive
weeks. Exclusion criteria were comorbid diagnoses of organic brain damage, personality disorder,
developmental disorder, intellectual disability, or somatic symptom disorder. These comorbidities
were excluded because they influence relapse rate. Patients diagnosed with bipolar disorder after
discharge from hospital, and patients who relapsed due to reducing antidepressant medication or other
psychotropic agents, were also excluded. All patients, except two who relapsed due to the cessation of
antidepressants by themselves, were given the same medication throughout the year. There were no
cases in which benzodiazepines were reduced or newly prescribed. This excludes the possibility of
withdrawal symptoms influencing the relapse/recurrence data.

2.3. Outcomes

The primary outcome measure was the time to relapse/recurrence of depression. Patients were
followed up every month for 12 months after hospital discharge. Relapse/recurrence was defined as an
episode meeting the DSM-1V criteria for a major depressive episode and a HAMD-17 score of >14,
and determined using retrospective data collected from patient charts completed every month.

2.4. Benzodiazepine Score

Benzodiazepine score (BZD score) was calculated using the following formula:
-~ DiH;
_ i1
BZD score = i_E 1 5 @

where D is drug dose (mg), H is half-life (hours) and S is drug strength. Drug strength was obtained
from the table of dose equivalence of benzodiazepines in a previous report [14]. For example, 1.5 mg
of lorazepam corresponds to a BZD score of 15 (D = 1.5 mg, H =12 h, § = 1.2). D/S was multiplied by
the half-life, since S (drug strength) reflects the short-term clinical anxiolytic effect and does not take
into account long-term cumulative pharmacokinetic effects.
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2.5. Statistical Analysis

Statistical analysis was performed using Prism 8 (GraphPad) software and EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan). Kaplan—-Meier curves and log rank tests were
used to examine the difference in depression relapse and recurrence between MDD patients who
received benzodiazepines and patients who did not. Among patients with severe MDD with psychotic
features, BZD scores and patient characteristics were compared between those with and without
relapse/recurrence using a Mann-Whitney U test and Fisher’s exact test. Cox regression analysis was
performed using EZR.

3. Results

3.1. Participants Characteristics

There were 266 patients hospitalized with MDD in the study period. The length of follow-up after
discharge was 12 months. Ninety-three patients were not followed up. The most common reason for a
lack of follow-up data was the transfer of the patient to another clinic. The remaining 173 patients
were assessed for eligibility (Figure 1). Twenty-eight patients had a comorbid diagnosis of personality
disorder, developmental disorder, intellectual disability, organic mental disorder or somatic symptom
disorder, and were excluded. Thirty-two patients were diagnosed with bipolar disorder after discharge
from hospital. Three patients had not reached remission at discharge, and were excluded. Two patients
relapsed due to reducing medication with antidepressants, and were excluded. Thus, 108 patients
were included in the analysis. These 108 patients were all followed-up for 12 months. Among them,
26 patients had been diagnosed with severe MDD with psychotic features.

266 patients with MDD

| Lost to follow-up (N=93)

A 4

173 patients were
assessed for eligibility

Exclusions (N=65):

personality disorders (N=10)
developmental disorders (N=5)
intellectual disability (N=3)
organic mental disorders (N=4)
» somatoform disorder (N=6)

Change of diagnosis to bipolar disorder (N=32)
Relapse due to reducing psychotropic agents
after discharge (N=2)

Not reached remission (N=3)

A

108 patients with MDD
Including 26 patients with psychotic depression

Figure 1. Participant flow chart.

Baseline characteristics were similar in patients who received benzodiazepines (BZD, n = 83) and
patients who did not (NO-BZD, n = 25). This was also the same in patients with psychotic depression
who received benzodiazepines (BZD-P, n = 14) and patients with psychotic depression who did not
(NO-BZD-P, n = 12). Participant characteristics are provided in Table 1. p values are provided in
Supplemental Table S1. There was no significant difference between groups of patients with MDD
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with psychotic features with respect to age, severity assessed by Hamilton Rating Scale for Depression
(HAMD-17), time from onset to hospitalization, use of antidepressants and antipsychotics, modified
electroconvulsive therapy (mECT), and the length of hospitalization.

Table 1. Baseline characteristics of patients.

Patients with MDD with Psychotic

Overall Patients with MDD (N = 108) Features (N = 26)

BZD NO-BZD BZD-P NO-BZD-P
Characteristic (N = 83: Patients (N = 25: Patients (n = 14: Patients (n = 12: Patients
Who Received Who Did Not Who Received Who Did Not
BZDs) Received BZDs) BZDs) Received BZDs)
N (%) N (%) N (%) N (%)
Female sex 57 (68.7%) 17 (68.0%) 11 (78.5%) 10 (83.3%)
antidepressants
SSRIs 34 (41.0%) 11 (44.0%) 9 (64.3%) 5 (41.7%)
SNRIs 15 (18.1%) 7 (28.0%) 3 (21.4%) 5 (41.7%)
mirtazapine 36 (43.4%) 7 (28.0%) 7 (50.0%) 3 (25.0%)
antipsychotics 36 (43.4%) 11 (44.0%) 7 (50.0%) 6 (50.0%)
olanzapine 8 (9.6%) 3 (12.0%) 2 (14.3%) 2 (16.7%)
quetiapine 19 (22.9%) 7 (28.0%) 4 (28.6%) 4 (33.3%)
mECT 13 (15.7%) 11 (44.0%) 10 (71.4%) 9 (75.0%)
Diagnosis
296.2x 29 (34.9%) 9 (36.0%)
296.21/296.22 19 (22.9%) 2 (8.0%)
296.23 5 (6.0%) 1 (4.0%)
296.24 4 (4.8%) 6 (24.0%) 4 (28.6%) 6 (50.0%)
296.3x 54 (65.1%) 16 (64.0%)
296.31/296.32 32 (38.6%) 5 (20.0%)
296.33 8 (9.6%) 5 (20.0%)
296.34 10 (12.0%) 6 (24.0%) 10 (71.4%) 6 (50.0%)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
age 63.9 (13.2) 62.5 (16.4) 71.2 (9.79) 72.7 (10.0)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Period from onset 6.5 (2.0~13.8) 4.0 (0.5~12.5) 7.0 (3.0~14.0) 3.0 (0.25~12.8)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
HAM-D 23.5(5.1) 26.9 (7.28) 33.1(2.8) 32.6 (2.7)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Length of
hospitalization 2.0 (2-3) 2.0 (1.5-3) 3.0 (2-3) 2.75 (2-3.5)
(months)

MDD, major depressive disorder; BZDs, benzodiazepines; SSRI, selective serotonin reuptake inhibitor;
SNRI, serotonin and norepinephrine reuptake inhibitor; mECT, modified electroconvulsive therapy; SD, standard
deviation; IQR, interquartile range; BZD, patients who received benzodiazepines; NO-BZD, patients who did not
receive benzodiazepines; BZD-P, patients with psychotic depression who received benzodiazepines; NO-BZD-P,
patients with psychotic depression who did not receive benzodiazepines.

There were no adverse effects, such as delirium or falls, reported during the administration of
the benzodiazepines. Details of the benzodiazepines are provided in Supplemental Table S2. Details
of the antidepressants and antipsychotics are provided in Supplemental Table S3. The acute dose
at discharge was maintained throughout the follow-up period. In patients who received modified
electroconvulsive therapy (mECT), benzodiazepine treatment was started after mECT.
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3.2. Time to Depression Relapse/Recurrence

Kaplan-Meier survival analysis showed no significant difference in the rate of relapse/recurrence
between BZD and NO-BZD (hazard ratio (95% confidence interval): 1.756 (0.776-3.973), p = 0.1089;
Figure 2A), but did show a higher rate of relapse/recurrence in NO-BZD-P than in BZD-P (hazard
ratio (95% confidence interval): 5.141 (1.591-16.61), p = 0.0040; Figure 2B). At the end of the 12 month
follow-up, 75.0% of the NO-BZD-P group had relapsed, compared with 21.2% of the BZD-P group.
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[ 1.0+ -— BZD
- —— NO-BZD
53  0.84
co
o9
T 0.67
2§
£% 0.4
[
g 0.2
0.0 T

0123 456 7 8 9101112
Months to Depression Recurrence
Number at risk

BzZD 83 80 74 68 66 63 58
NO-BzD 21 17 16 15 13 13 12

Patients with MDD with psychotic features

— BZD-P

E 1.0

3 —— NO-BZD-P
- 3 0.8'
S o
S8 0.6
g
25
0.2 0.44
a9

0

s 0.2+

0

o

0.0+

0123 456 7 8 9101112
Months to Depression Recurrence
Number at risk

BZD-P 14 14 1 1 1 1 1
NO-BzD-P 12 6 5 4 3 3 3

Figure 2. Time to depression relapse/recurrence. The cumulative incidence of relapse/recurrence was

investigated by Kaplan—-Meier survival analysis. (A) All patients with major depressive disorder.

(B) Patients with major depressive disorder with psychotic features. BZD, patients who received

benzodiazepines; NO-BZD, patients who did not receive benzodiazepines; BZD-P, patients with

psychotic depression who received benzodiazepines; NO-BZD-P, patients with psychotic depression

who did not receive benzodiazepines.

Further analyses were conducted using the Cox regression model for medications in patients with
psychotic depression (Table 2). The use of benzodiazepines remained significantly associated with
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reduced depression recurrence (adjusted hazard ratio (95% confidence interval): 8.340 (1.621-41.92),
p = 0.011). There were no significant covariates in antidepressants and antipsychotics (Table 2).

Table 2. Cox proportional hazards regression model of the effects of medications on relapse/recurrence
of depression.

Parameter Adjusted HR 95% CI p-Value
benzodiazepines 8.340 1.621-41.92 0.011
SSRI 0.313 0.028-3.424 0.341
SNRI 0.488 0.043-5.504 0.561
mirtazapine 5.784 0.680-49.26 0.108
olanzapine 1.125 0.244-5.189 0.880
quetiapine 3.552 0.614-20.57 0.157

Hazard ratios were adjusted for all other variables in the table. HR, hazard ratio; CI, confidence interval; SSRI, selective
serotonin reuptake inhibitor; SNRI, serotonin and norepinephrine reuptake inhibitor.

3.3. Dose-Dependent Effect of Benzodiazepines on Time to Depression Relapse/Recurrence

To compare relapse/recurrence between patients receiving a high and low dose of benzodiazepines,
the BZD-P group was divided into two subgroups according to benzodiazepine score (BZD score)
(BZD score <15, BZD score >15). Kaplan—Meier survival analysis showed a significant difference in
the rate of relapse/recurrence between NO-BZD-P, BZD-P with BZD score <15 and BZD-P with BZD
score >15 (Figure 3, p = 0.0073).

Patients with MDD with psychotic features

3 1.0 ' —— BzZD-P>15
. S 0.84 —— BZD-P<15
own
6§23 0.6 , —— NO-BNZ-P
T
2§ i

o .

2 0.2

o

0.0 L] L] L] L] L] L] L] L] L] L]

0123 456 7 8 9101112

Months to Depression Recurrence

Number at risk

BZD-P>15 7 7 7
BZD-P<15 7 4 4 4 4 4
NO-BNZ-P 12 6 5 4 3 3 3

Figure 3. Dose-dependent effect of benzodiazepines on time to depression relapse/recurrence.
Patients with major depressive disorder with psychotic features were divided into three groups:
no benzodiazepine use (NO-BZD-P), benzodiazepine use with BZD score > 15 (BZD-P > 15) and
benzodiazepine use with BZD score < 15 (BZD-P < 15).

3.4. Relapse/Recurrence in Psychotic Depression

Consistent with the results of the Kaplan-Meier analysis, the BZD score was significantly higher
in patients without relapse/recurrence than in patients with relapse/recurrence (Figure 4, p = 0.0002).
Other characteristics were not significantly different (Table 3).
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Figure 4. BZD score in patients with psychotic depression with and without relapse/recurrence.
BZD scores were compared between those with and without relapse/recurrence using the Mann-Whitney
U test. ** p < 0.001.

Table 3. Baseline characteristics of patients.

Patients with MDD with Psychotic Features (N = 26)

Characteristic Relapse/Recurrence (N = 13) Without Relapse/Recurrence (N = 13)
N (%) N (%) p-Value
Female sex 11 (84.6%) 10 (76.9%) >0.999
antidepressants
SSRIs 7 (53.9%) 7 (53.9%) >0.999
SNRIs 5 (38.5%) 3(23.1%) 0.673
mirtazapine 2 (15.4%) 8 (61.5%) 0.0414
antipsychotics 8 (61.5%) 5 (38.5%) 0.434
olanzapine 4 (30.8%) 0 (0.0%) 0.0957
quetiapine 3(23.1%) 5 (38.5%) 0.673
mECT 9 (69.2%) 11 (75.6%) 0.678
diagnosis
296.24 5 (38.5%) 8 (61.4%) 0.434
296.34 8 (61.4%) 5 (38.5%) 0.434
Mean (SD) Mean (SD)
age 75.2 (8.54) 68.7 (10.1) 0.0777
Median (IQR) Median (IQR)
Period from onset 2.0 (0.5~11.5) 5.0 (1.5~14.0) 0.340
Mean (SD) Mean (SD)
HAM-D 32.8 (2.66) 32.8 (2.81) 0.946
Median (IQR) Median (IQR)
Duration of hospitalization (months) 2.5(2-3) 3.0 (2-4) 0.476

MDD, major depressive disorder; BZDs, benzodiazepines; SSRI, selective serotonin reuptake inhibitor;
SNRI, serotonin and norepinephrine reuptake inhibitor; mECT, modified electroconvulsive therapy; SD, standard
deviation; IQR, interquartile range. Patient characteristics were compared between those with and without
relapse/recurrence using a Mann-Whitney U test and Fisher’s exact test. p < 0.01 was regarded as significant.

3.5. A Case Report

Some cases obviously required benzodiazepines for the maintenance of remission. For example,
a 78 year old man experienced repeated recurrences within a year when only antidepressants were
used, but maintained remission for years when 1 mg lorazepam was added to antidepressants.
When benzodiazepines were discontinued, he experienced a recurrence of psychotic depression within
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a week. This recurrence was not a withdrawal symptom, because restarting lorazepam did not relieve
the depressive and psychotic symptoms.

4. Discussion

The results of this study indicate that there is an association between the use of benzodiazepines
and the relapse/recurrence rate in patients with severe MDD with psychotic features. However,
benzodiazepines did not have a significant effect on relapse/recurrence when all participants were
analyzed as a single group. This suggests that benzodiazepines were not effective as an adjunctive
therapy for the majority of patients with moderate MDD. This is consistent with the fact that most
guidelines for the clinical therapy of depression do not recommend the use of benzodiazepines [9,15].

There are several potential neurobiological mechanisms underlying the importance of
benzodiazepines in MDD: (1) a reduced concentration of y-aminobutyric acid (GABA) and altered
expression of GABA receptors have repeatedly been reported in patients with MDD [16-18],
(2) GABAergic interneuron deficits have been observed in patients with MDD [16,19],
and (3) dysfunction of GABAergic interneurons is sufficient to induce depressive phenotypes in
mice [20]. Furthermore, a low concentration of GABA in the cerebrospinal fluid was associated with the
increased severity of psychosis [21]. Patients with severe MDD with psychotic features usually present
significant anxiety symptoms; therefore, it is reasonable for GABAergic dysregulation to be found in
patients with psychotic depression. It has also been reported that benzodiazepines are more often
prescribed in patients with psychotic depression than in patients with MDD without psychosis [22].
Clonazepam, a long-acting benzodiazepine, significantly elongated the remission time in patients
with recurrent depression [23]. Collectively, these findings support our proposal that there are some
patients for whom benzodiazepines are useful.

It is also of note that we did not find reports of any adverse effects of benzodiazepines during
the follow-up period. This is consistent with the opinion that the adverse effects of benzodiazepines
should be evaluated when they are properly used [24].

There are several limitations of this study. First, the study was not prospective, and participants
were not randomized. Second, the use of antidepressants may be different between groups.
However, the differences were not significant, and Cox regression analysis revealed the use of
benzodiazepines remained significantly associated with reduced depression recurrence (Table 2
and Supplemental Table S1). Furthermore, the majority of patients received the maximum dose of
antidepressants approved in Japan; thus, there is little possibility that relapse/recurrence was due
to the insufficient administration of antidepressants (Supplemental Table S3). Third, although there
was no significant difference in the ratio between repetitive depression and first episode depression,
distinguishing these populations may be better to simplify participants, which was difficult due to the
small sample size. A strength of this study is the accuracy of the identified duration from remission to
recurrence, due to the fact that the time of discharge was the start point of the analysis.

5. Conclusions

There was no significant effect on the relapse/recurrence rate in the majority of patients with
moderate MDD. Benzodiazepines should be used extremely carefully and minimally to prevent adverse
effects. Nevertheless, it is important to recognize them as a therapeutic approach that may be effective
against refractory recurrent cases of severe psychotic MDD.

In conclusion, benzodiazepines may contribute to a reduction in the relapse and recurrence rate
over the course of 1 year in patients with severe MDD with psychotic features. A multicenter randomized
controlled trial is necessary to confirm the effect of benzodiazepines on psychotic depression.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/6/1938/s1,
Table S1: p-Values for table 1, Table S2: Details of benzodiazepines analyzed in this study and their half life and
drug strength. Drug strength was obtained from the table of dose equivalence of benzodiazepines in a previous
report [14], Table S3: Details of antidepressants and antipsychotics.
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