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Background: The definition of mixed features by the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) remains controversal; however, there has been no systematic review of the prevalence of DSM-5
mixed features. We conducted a meta-analysis and systematic review to examine the prevalence of DSM-5-
defined mixed features in major depressive episodes (MDE) and manic/hypomanic episodes.

Methods: We systematically searched all literature types (i.e., observational, cross-sectional, cohort, retrospective
chart review, and post-hoc analysis) in electronic databases including MEDLINE, Embase, CINAHL, PsycINFO,
and Web of Science from 2013 to 2020.

Results: A total of 17 studies with 20 samples were selected. The pooled prevalences of the mixed features in MDE
and manic/hypomanic episodes were 11.6% (95% confidence interval [CI] = 7.9-16.7%) and 26.8 (95% CI =
17.0-39.5%), respectively. The prevalence of mixed features during major depressive disorder in East Asian
countries was the lowest, which ranged from 0-2.2%. The subgroup analysis did not identify any influential
factors for substantial heterogeneity. Most of the individual studies demonstrated moderate to high risk of bias.
Conclusions: Despite the increasing attention and controversy surrounding DSM-5-defined mixed features, few
studies have systematically estimated the prevalence. Future studies with appropriate design and sample sizes

should measure the prevalence of mixed features during MDE and manic/hypomanic episodes.

1. Introduction

In the history of the dichotomous classification of mood disorders (i.
e., depression versus mania) in the Diagnosis and Statistical Manual of
Mental Disorders (DSM), the term ‘mixed’ has long maintained its
presence. In the DSM-III, the ‘mixed subtype’ initially refered to simul-
taneous or rapidly changing full criteria depressive symptoms through
manic episodes of bipolar disorder (American Psychiatric Association,
1980). Although it was changed to ‘mixed episode’ in the DSM-IV, it was
still conceptualized as depressive symptoms that occurred during manic
episodes (American Psychiatric Association, 1994).

The DSM-5 led to two substantial changes to mixed states. First, it
can now be used beyond bipolar disorder, particularly in major
depressive disorder (MDD), which reflects the presence of manic epi-
sodes during major depressive episodes (MDE) (American Psychiatric
Association, 2013). The second change is the threshold reduction for the
opposite pole criteria. In the DSM-III, DSM-III-R, and DSM-1V, the full
criteria of the MDE needed to be met during a manic episode to be

diagnosed with a mixed subtype; however, in the DSM-5, only three
non-overlapping symptoms of the opposite pole are required.

These criteria for mixed features in the DSM-5 has caused global
debates due to the exclusion of overlapping symptoms (Koukopoulos
et al., 2013; Malhi et al., 2014; Park, 2018). The diagnostic criteria of
mixed features during MDD require only three non-overlapping symp-
toms (i.e., elevated/expansive mood, grandiosity, talkativeness, a flight
of idea, increased energy, increased activity, and decreased need for
sleep). Other symptoms of a manic episode, such as psychomotor
agitation and distractibility, do not need to be considered because they
overlap with the criteria for MDE.

For decades, researchers have conceptualized mixed properties of
depression in the DSM (Benazzi, 2008; Benazzi et al., 2004; Faedda
et al., 2015). Mixed depression is characterized by psychomotor agita-
tion, irritability, and distractibility and is considered to be the opposite
side of melancholic depression, which is characterized by severe psy-
chomotor retardation, anergia, and anhedonia (Malhi et al., 2014;
Benazzi, 2006). Since the essential features of mixed depression have
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overlapping symptoms, both of which are present during MDE and
manic episodes, the exclusion of overlapping symptoms from mixed
features in the DSM-5 has been debated.

Researchers have questioned if DSM-5 mixed features can be diag-
nosed in clinical practice (Malhi et al., 2014; Park, 2018). Reports on
their prevalence have widely varied from 0-46.5% (Takeshima and Oka,
2015; Hergueta and Weiller, 2013); however, no systematic approaches
have investigated how the prevalence was measured and which factors
influenced any discrepancies. Although a recent meta-analysis estimated
the prevalence of mixed states in MDD and bipolar disorder (Vazquez
et al., 2018), only four studies on DSM-5 mixed features were included.

Whereas the framework of the population, intervention, comparator
and outcome, which is known as the PICO, is the most widely used
format, according to the objective of this study (i.e., to estimate a
prevalence of mixed features), we used the Condition, Context, Popu-
lation (CoCoPop) format (Munn et al., 2015). The primary question was
that: “In people with bipolar disorder and MDD, what is the prevalence
of the mixed features according to the diagnosis and polarity?”

Based on the above study question, we conducted a systematic
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review and meta-analysis to: (1) estimate the pooled prevalence of
mixed features according to the DSM-5, (2) systematically explore
qualitative properties of the individual studies, and (3) identify potential
moderators for the discrepancies in the prevalence of mixed features.

2. Methods

The meta-analysis and systematic review was conducted according
to both the Meta-Analysis of Observational Studies in Epidemiology
guidelines (Stroup et al., 2000) and the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines (Moher et al., 2010).

2.1. Eligibility criteria

We included all observational, cross-sectional, cohort, retrospective
chart review, and post-hoc analysis studies that primarily aimed to
measure the prevalence of mixed features as per the DSM-5 in MDE and
manic/hypomanic episodes. The diagnostic criteria of the mixed fea-
tures according to the DSM-5 is represented in the Supplementay

Table 1
Characteristics of the 20 samples included in the systematic review and meta-analysis.
Country Author, year  Diagnosis Study design Recruitment Diagnostic Diagnostic Total Age Sex
methods criteria interview sample
Australia Frankland, BD-I, BD-II, MDD Retrospective Selective DSM-1V Diagnostic 366 49.6 (30.5-63.3 IQR) 69.2%
2015 chart review Interview for
Genetic Studies
version 2.0
United States Hasin, 2018 MDD Original Probability DSM-5 AUDADIS-5 7432 29.05 + 0.21 (18-) NA
research sampling
United Hergueta, BD-1 Original Selective DSM-5 MINI 115 43.7 (18-) 53.9%
Kingdom 2013 research
Canada Mclntyre, BD-I Post-hoc Selective DSM-IV-TR YMRS, PANSS, 1037 39.9 (18-65) 56%
2019 analysis MADRS
International Mclntyre, BD-I, BD-II, MDD Post-hoc Selective DSM-1V MINI 982 NA 63.8%
2015 analysis
International Mcintyre, BD-I Post-hoc Selective DSM-IV YMRS, PANSS, 960 38.7 46.3%
2013 analysis MADRS
International Miller, 2016 BD-I, BD-II. BD-NOS, Post-hoc Selective DSM-1V SCID 907 41.2 £ 11.6 55.8%
Schiaoaffevtive analysis
disorder-bipolar type
United States Perlis, 2014 MDD Post-hoc Selective DSM-IV Clinical 2397 40.7 + 13.2 (18-75) 62.2%
analysis diagnosis with
DSM-1V
checklist
International Perugi, 2015 BD-1, BD-II Original Consecutive DSM-IV-TR 2811 44,5 +13.8 68.8%
research
Spain Reinares, BD-I Retrospective Selective DSM-IV-TR Clinical 169 42.5 +12.8 (18-) 46.2%
2015 chart review interview
Korea Shim, 2019 BD-I, BD-II, MDD Retrospective All DSM-5 Clinical 859 47.3 +18.29 (19-) 61.8%
chart review hospitalized interview
patients
Korea Shim, 2015 BD-1, BD-II, BD NOS Retrospective All admitted DSM-IV-TR Clinical 371 26.37 + 9.7 manic/
chart review patients interview hypomanic with mixed
features 20.57 + 2.9
depressed with mixed
features (15-75)
Japan Shinzato, Depressive disorders Original Consecutive DSM-5 NA 154 (13-83) 63%
2019 and bipolar and research
related disorders
Japan Takeshima, BD-II, BD-NOS, MDD Original Consecutive DSM-IV-TR Clinical 217 40 (16-88) 56.2%
2015 research interviews
United States Tohen, 2017 BD-1, BD-II Post-hoc Selective DSM-IV-TR MINI 482 38.9 +12.1 (19-67) 59%
analysis
International Tohen, 2014 BD-1 Post-hoc Selective DSM-IV-TR MINI 514 36.0 (11.1) (18-64) 59.8%
analysis
BD-I Post-hoc Selective DSM-1V SCID 1072 41.8 (12.5) (18-) 63%
analysis
International Young, 2015  BD-I prospective Consecutive DSM-IV-TR MINI 1035 40 (18-73) 52%

Abbreviations: BD-I: bipolar I disorder, BD-II: bipolar II disorder, MDD: major depressive disorder, DSM: Diagnostic and Statistical Manual, MINI: Mini International
Neuropsychiatric Interview, YMRS: Young Mania Rating Scale, MADRS: Montgomery—Asberg Depression Rating Scale, PANSS: Positive and Negative Syndrome Scale,
BD NOS: bipolar disorder not otherwise specified, SCID: Structured Clinical Interview for DSM Disorders.
Note: Tohen, 2014 consists of two separate sets of clinical trials; therefore, we described them separately.
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Table 1. We included studies that examined patients with MDD or BD at
any age.

Studies were excluded if they met of the following criteria: (1)
diagnosed primary mood disorder using only self-reported instruments,
and (2) measured the prevalence among an already screened or referred
group (e.g., only recruit individuals that are at risk for mixed features
through self-report).

2.2. Information sources and search strategy

Literature was systematically searched from the following electronic
databases: MEDLINE, Embase, CINAHL, and Scopus. The search was
conducted by a mental health professional with knowledge and expe-
rience in systematic review and meta-analysis. The search period was set
from 2013 to January 1, 2020. The search strategy for all databases was
[mixed.mp. AND ((major depressive disorder.mp. or exp Depressive
Disorder, Major/) OR (bipolar disorder.mp. or exp Bipolar Disorder/))
AND exp Diagnosis/]. There were no language restrictions imposed and
languages other than English were translated using computer-assisted
translation (i.e., Google Translate). We further selectively searched
literature cited in the research to be reviewed along with systematic
reviews and relevant news articles.

2.3. Selection process

Two authors, KSN and SEC, independently screened the titles and
abstracts of the literature. KSN and SEC obtained full reports for all
literature that appeared eligible based on inclusion criteria. Potentially
eligible literature were also further assessed. When there were discrep-
ancies between the two authors, a third author (JMK) resolved any
disagreements. If the information contained within the literature was
insufficient and/or there was uncertainty, one author (SEC) contacted
the corresponding authors for clarification. If any duplicate data was
suspected, the study with the larger sample size was selected.

2.4. Data items

Information on the age, sex, geographical region of study, number of
participants, number if participants diagnosed with mixed features,
methods used to diagnose mixed features, and the original study from
which the samples with mixed features were extracted were collected.

2.5. Outcomes and prioritization

We extracted the total number of participants as well as the numbers
of those diagnosed with mixed features. If only the percentage of study
participants with mixed features was available, the number of partici-
pants with mixed features was calculated by multiplying the total
sample size by the percentage given.

2.6. Assessment of the risk of bias

Each included study was assessed for methodological quality using
the instruments for the meta-analysis of prevalence, which is comprised
of 10 items plus a summary assessment (Hoy et al., 2012). The first four
items assess the external validity, whereas the remaining six assess the
internal validity, and the summary assessment evaluates the overall risk
of bias.

2.7. Data synthesis

The prevalence of mixed features in each study was synthesized by
using an odds ratio with a 95% confidential interval (CI). The random-
effects model was used for estimating pooled prevalence. A test for
heterogeneity was conducted using the Q statistic and I?. Generally, an P
of 0% indicates no observed heterogeneity, 25%, 50%, and 75%
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represent low, moderate, and high heterogeneity, respectively (Higgins
et al., 2003). Meta-regression and subgroup analyses were conducted to
identify potential contributing factors to the prevalence. This was done
by using pre-determined factors such as geographic region, type of
diagnostic assessment tool used, type of diagnostic interviewing in-
strument used, recruitment methods, study design, and the primary
diagnosis of MDE or manic/hypomanic episodes. Publication bias was
visually inspected through funnel plot and Egger’s methods (Egger et al.,
1997). Subgroup analysis, meta-regression, and publication bias were
assessed only if the number of included studies were 10 or more. All
meta-analysis processes were conducted by Comprehensive
Meta-Analysis (version 3; Biostat, Englewood, NJ, USA).

3. Results
3.1. Characteristics of the studies

A total of 17 studies and 20 samples were included. The flow chart is
presented in the Supplementary Figure 1. Table 1 shows the charac-
teristics of the studies. The majority of studies were international (n =
6), followed by the United States (n = 3), Japan (n = 2), and Republic of
Korea (n = 2).

The diagnosis of the primary mood disorder varied; bipolar disorder
was found in 15 studies, whereas MDD was found in six studies. Only
five studies conducted their research with a primary focus on the
prevalence of mixed features, whereas the other 12 studies calculated
the prevalence of mixed features retrospectively.

Other than one study (Hasin et al., 2018), the remaining studies did
not consider the representation of the sampling sites. Notably, the
sampling sites were selected conveniently. Only one study exploited
probability sampling (Hasin et al., 2018), three studies recruited sub-
jects consecutively, and two studies recruited all hospitalized patients
within the study period; however, the remaining 11 studies recruited
subjects selectively.

3.2. Risk of bias

Table 2 shows the risk of bias in the included studies. In the summary
item of the overall risk of study bias, only two studies (11.76%)
demonstrated a low risk of bias. A total of six studies (35.29%) were
moderate, whereas nine (52.94%) had high risk. From the perspective of
the individual items, only one study (Hasin et al., 2018) scored ‘Yes’ on
Item 1, which evaluates whether the studies’ target population was a
close representation of the national population. Similarly, only the
aforementioned study (Hasin et al., 2018) scored ‘Yes’ on Item 4, which
means the response rate was more than 75%, or that no significant
differences was seen between responders and non-responders.

Generally, post-hoc analyses of the psychopharmacological clinical
trials had a high risk of bias (Hergueta and Weiller, 2013; Mclntyre
et al., 2015; MclIntyre et al., 2019b; McIntyre et al., 2013; Miller et al.,
2016; Perlis et al., 2014). In contrast, original research had a low (Hasin
et al.,, 2018) to moderate risk of bias (Hergueta and Weiller, 2013;
Perugi et al., 2015; Reinares et al., 2015; Shinzato et al., 2019; Take-
shima and Oka, 2015).

3.3. Meta-analysis

Figs. 1 and 2 show forest plots of the prevalence of mixed features
during MDE and manic/hypomanic episodes, respectively. In the MDE,
the pooled prevalence of the mixed features was 11.6% (95% CI = 7.9%-
16.7%). Two samples in the East Asian countries (Republic of Korea and
Japan) had the lowest prevalence, which were 2.2% (12 out of 552)
(Shim et al., 2019) and 0% (0 out of 125) (Takeshima and Oka, 2015),
respectively.

In manic/hypomanic episodes, the pooled prevalence was 26.8%
(95% CI = 17.0%-39.5%). One post-hoc analysis from the international
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Table 2

Risk of bias of the included studies.
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psychopharmacological study reported a prevalence of 81.3% (52 out of
64) (McIntyre et al., 2015). Unlike the prevalence in MDE, research
conducted in the Republic of Korea showed a prevalence of 24.0% (52
out of 217).

When the meta-analysis is confined to the studies with low to mod-
erate risk of bias, the pooled prevalence of mixed features decreased to
9.2% (95% CI = 5.4%-15.4%) in MDE and 21.6% (95% CI = 6.0%-
54.1%) in manic/hypomanic episode, respectively (Supplementary
Figure 2 and Supplementary Figure 3).

3.4. Subgroup and meta-regression analyses

As shown in Table 3, any subgroup analysis reduced heterogeneity.
Subgroups in the region, diagnosis of primary mood disorder, design of
the study, recruitment of the subjects, diagnostic criteria, and diagnostic
interview for the primary mood disorder scored on I above 75, which
indicates significant heterogeneity.

Meta-regression analysis showed that potential moderators did not
have a significant influence on the overall results in the meta-analysis
(Table 4). The interaction effects of diagnosis by geographic region
scored an R? of 0.69, which suggests that the interaction effects by
diagnosis x geographic region explains 69% of the variance in the meta-
analysis.

3.5. Publication bias

Supplementary Figure 4 shows funnel plots for the publication bias
in the prevalence of mixed features during MDD. The results show that
there does not appear to be small study effects; however, except for one
study (Hasin et al., 2018) positioned in the left lower area of the funnel
plot, all the remaining studies had a relatively small sample size.

Subgroup analysis, meta-regression, and funnel plots could not be
conducted in mixed features during manic/hypomanic episodes due to
the small number of samples (n = 7).

4. Discussion

We investigated the evidence for the prevalence of DSM-5-defined
mixed features in MDE and manic/hypomanic episodes. The quantita-
tive estimations of the prevalence of mixed features were 11.6% (95%
CI = 7.9-16.7%) in MDE and 26.8% (95% CI = 17.0-39.5%) in manic/
hypomanic episodes, respectively; however, there are several reasons
that we should not merely accept the reported prevalence of mixed
features. First, the heterogeneity issues were not solved by subgroup
analysis; the heterogeneity was significant (I* > 75) in all subgroups.
This suggests that there were influential factors for the prevalence of
mixed features that were not included in the present meta-analysis.
Second, the quality of the studies was generally low. In the assessment
for the risk of bias, except for one study (Hasin et al., 2018), most of the
remaining studies scored less than half of the total score. This low
quality raises concern for if the calculated pooled prevalence is
acceptable.

Alternatively, there are interesting findings regarding the prevalence
of mixed features during MDD. Studies from East Asian countries (i.e.,
Republic of Korea and Japan) reported the prevalence of mixed features
in MDD as extremely low, such as 2.2% (12/552) (Shim et al., 2019) and
0% (0/125) (Takeshima and Oka, 2015), respectively. This is sharply
contrasted by the prevalence of two studies from the United States,
which were 9.6% (231/2397) (Perlis et al., 2014) and 15.4% (69/448)
(Hasin et al., 2018). We question what causes this discrepancy between
Western and Eastern countries. Although we have insufficient studies to
confirm this discrepancy, up-to-date evidence provides insight. It has
been widely suggested that there is a difference in accepting and
expressing emotion between Western and Eastern Asian cultures (De
Vaus et al., 2018). Traditionally, suppression has been recommended in
Eastern Asian cultures (Matsumoto et al., 2008). The suppression of
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Study name Statistics for each study Event rate and 95%Cl
Event Lower Upper

rate limit limit ZValue p-Value
Frankland, 2015 0.042 0.017 0.0 -6.8064 0.000
Hasin, 2018 0.155 0.147 0.164 -52.884  0.000
Mclntyre, 2015a 0339 0291 0392 -5784 0.000
Mclntyre, 2015b 0260 0.226 0.298 -10.981  0.000
Miller, 2016 0422 0390 0455 4663 0.000
Perlis, 2014 0.09% 0.085 0.109 -32.337 0.000
Perugi, 2016 0.075 0.066 0.086 -35.089  0.000
Shim, 2019 0143 0.108 0.187 -10.977  0.000
Shim, 2019 0.02 0.012 0.038 -13.043  0.000
Shim, 2015 0.114 0.067 0.187 -6.958 0.000
Shinzato, 2019 0.045 0.022 0.092 -7.870 0.000
Takeshima, 20152  0.076 0.037 0.151 6.349  0.000
Takeshima, 20150  0.004 0.000 0.060 -3.899  0.000
Tohen, 2017 0.060 0.042 0.085 -14.349  0.000
Tohen, 2014 0305 0.280 0.331 -13.226  0.000

0.116 0.079 0.167 -9.391  0.000

-1.00 050 000 050 1.00

Fig. 1. Forest plot of the prevalence of mixed features in major depressive episode (MDE)
Notes: McIntyre 2015a, Shim 2019a, and Takeshima 2015a refer to MDE during bipolar disorder. McIntyre 2015b, Shim 2019b, and Takeshima 2015b refer to MDE
during major depressive disorder.

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit Z-Value p-Value
Hergueta, 2013 0.465 0.369 0.563 -0.703 0.482 »
Mcintyre, 2019 0.136 0.116 0.158 -20.410 0.000 [ |
Mcintyre, 2015 0.838 0.731 0908 4.996 0.000 |
Mcintyre, 2013  0.260 0.226 0.298 -10.981  0.000 [ |
Reinare, 2015 0.272 0.210 0.344 -5.691 0.000 [ |
Shim, 2015 0.114 0.067 0.187 -6.958 0.000 [ |
Tohen, 2017 0.060 0.042 0.085 -14.349 0.000 [ |
Young, 2015 0.336 0.308 0.366 -10.337 0.000 [ |

0.268 0.170 0.395 -3.408 0.001 <&

-1.00 -050 000 0.50 1.00

Fig. 2. Forest plot of the prevalence of mixed features in manic/hypomanic episodes.

negative emotion is a social norm in this society. Hence, it is unlikely
that non-overlapping manic symptoms such as elevated/expansive
mood, grandiosity, talkativeness, flight of idea, increased energy,
increased activity, and decreased need for sleep would occur during
MDE in MDD. Importantly, there has been uncertainty surrounding the
clinical utility of DSM-5 mixed features in MDD, which exceeds three or
more non-overlapping manic/hypomanic symptoms, but does not meet
the full diagnostic criteria of manic/hypomanic episodes (Park, 2018).
This cross-cultural discrepancy in the DSM-5 is not new. There is also
uncertainty regarding whether the diagnostic criteria of MDD, which
was developed and validated in Western culture, could reflect depressive
symptoms in the East Asian culture (Chang et al., 2008). Further
cross-cultural studies are required to address this.

However, the controversy surrounding the diagnostic validity of
DSM-5-defined mixed features is not confined to the East Asian culture.
As Pacchiarotti et al. (2020) recently argued, removing overlapping
symptoms from the diagnostic criteria in the DSM-5 has resulted in the
underdiagnosis of mixed features (Pacchiarotti et al., 2020). Another
study conducted in Europe (Russia, Serbia, Ukraine, and United
Kingdom) and the United States showed that overlapping symptoms
were commonly reported in patients with mixed features during MDD
(Targum et al., 2016). In said study, only flight of ideas (66.8%) and
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pressured speech (61.1%) were more commonly reported than over-
lapping symptoms such as irritability (57.3%) and distractibility
(59.2%) among patients with mixed features of MDD (Targum et al.,
2016). Decreased need for sleep (40.8%), increased energy or
goal-directed activity (28.0%), elevated/expansive mood (18.0%),
excessive involvement in pleasurable activity (15.6%), and inflated
self-esteem (6.6%) were all less reported than irritability and
distractibility.

The present meta-analysis and systematic review could be regarded
in terms of the clinical importance of mixed features in mood disorders.
Traditionally, mixed features have had several clinical implications.
First, mixed features are associated with severe clinical manifestations
and poor prognosis. Studies have reported that DSM-5-defined mixed
features have more severe symptoms, anxiety, suicidal ideation, suicidal
plan, and impaired psychosocial function than other types of MDD
(Hasin et al., 2018; Tohen et al., 2017). Second, therapeutic intervention
for mixed features differs from those for typical MDE or man-
ic/hypomanic episodes. Although the therapeutic intervention for
mixed features in MDD has not been firmly established, most studies
have recommended adding atypical antipsychotics or mood stabilizers
to the antidepressant regimen (Verdolini et al., 2018). Importantly, the
original post-hoc analyses we included investigated the efficacy and
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Table 3
Subgroup analysis of the prevalence of mixed features during a major depressive episode.
Region N Prevalence 95% Lower 95% Upper Q p P
Australia 1 4.2% 1.7% 9.6% 0.0 1.000 0.0
East Asia 6 5.7% 2.6% 12.1% 46.2 0.000 89.2
International 5 25.5% 13.3% 43.4% 558.4 0.000 99.3
United States 3 10.0% 6.3% 15.6% 75.4 0.000 97.3
Diagnosis
BD 7 18.2% 11.4% 27.8% 230.8 0.000 97.4
BD-+MDD 2 6.7% 4.3% 10.1% 1.9 0.171 46.6
MDD 6 8.7% 5.4% 13.8% 173.5 0.000 97.1
Design
Original research 5 7.5% 4.2% 13.1% 127.1 0.000 96.9
Post-hoc analysis 6 21.5% 12.1% 35.2% 515.4 0.000 99.0
Retrospective chart review 4 6.5% 2.5% 15.9% 40.6 0.000 92.6
Recruitment
All patients 3 7.3% 2.3% 20.8% 36.9 0.000 94.6
Consecutive 4 6.1% 3.8% 9.8% 6.4 0.096 52.8
Probability sampling 1 15.5% 14.7% 16.4% 0.0 1.000 0.0
Selective 7 18.1% 10.3% 29.8% 535.1 0.000 98.9
Diagnostic criteria
DSM-5 4 7.4% 3.6% 14.8% 63.6 0.000 95.3
DSM-1V 3 13.5% 3.2% 43.0% 414.8 0.000 99.5
DSM-IV-TR 8 13.0% 6.9% 23.0% 449.0 0.000 98.4
Diagnostic interview
Clinical interview 6 7.3% 4.4% 11.9% 42.7 0.000 88.3
MINI 2 14.5% 2.5% 52.7% 91.2 0.000 98.9
Others 5 11.2% 5.2% 22.5% 561.1 0.000 99.3
YMRS, MADRS, PANSS 2 29.7% 22.6% 38.0% 6.4 0.011 84.5

Abbreviations: BD: bipolar disorder, MDD: major depressive disorder, DSM: Diagnostic and Statistical Manual, MINI: Mini International Neuropsychiatric Interview,
YMRS: Young Mania Rating Scale, MADRS: Montgomery-Asberg Depression Rating Scale, PANSS: Positive and Negative Syndrome Scale.

Table 4
Meta-regression analysis of the prevalence of mixed features during MDE.
Coefficient Standard Error 95% Lower 95% Upper Z P R?
Year -0.1531 0.1767 -0.4994 0.1932 -0.87 0.3862 0
Region (reference = Australia) 0.01
East Asia 0.3697 0.9748 -1.5409 2.2802 0.38 0.7045
International 2.0633 0.9692 0.1636 3.963 213 0.0333
United States 0.9185 1.0117 -1.0645 2.9014 0.91 0.364
Diagnosis (reference = BD) 0.2
BD+MDD -1.1161 0.6354 -2.3614 0.1292 -1.76 0.0079
MDD -1.1029 0.5245 -2.1309 -0.0749 -2.1 0.0355
Sex -3.8535 3.6067 -10.9225 3.2154 -1.07 0.2853 0
Recruitment (reference = probability sampling) 0
Post-hoc analysis -1.2944 0.5146 0.2857 2.303 2.52 0.0119
Retrospective chart review -0.0674 0.5814 -1.2069 1.0722 -0.12 0.9078
Diagnostic criteria (reference = DSM-5) 0
DSM-1V 0.723 0.8232 -0.8906 2.3365 0.88 0.3798
DSM-IV-TR 0.618 0.6669 -0.6892 1.9251 0.93 0.3541
Diagnostic interview (reference = clinical interview) 0
MINI 0.8667 0.7363 -0.5763 2.3097 1.18 0.2391
YMRS, MADRS, PANSS 1.7763 0.7333 0.3391 3.2135 2.42 0.0154
Others 0.5718 0.5647 -0.5351 1.6787 1.01 0.3113

Abbreviations: BD: bipolar disorder, MDD: major depressive disorder, DSM: Diagnostic and Statistical Manual, MINI: Mini International Neuropsychiatric Interview,
YMRS: Young Mania Rating Scale, MADRS: Montgomery-Asberg Depression Rating Scale, PANSS: Positive and Negative Syndrome Scale.

safety of the psychopharmacological interventions for patients with
mixed features. McIntyre et al. reported the prevalence of mixed features
by conducting a post-hoc analysis from clinical trial data with car-
iprazine (McIntyre et al., 2019a) and asenapine (McIntyre et al., 2013).
Tohen and colleagues also conducted a post-hoc analysis from studies
that investigated the efficacy and safety of various agents (Tohen et al.,
2017) and olanzapine (Tohen et al., 2014).

The present meta-analysis and systematic review has several limi-
tations. First, due to the shortage of original studies, the prevalence of
mixed features during manic/hypomanic episodes was not analyzed by
subgroup analysis and meta-regression. Second, only 35.3% (6/17)
studies examined the prevalence of mixed features with a pre-
determined study plan (Hasin et al., 2018; Hergueta and Weiller,
2013; Perugi et al., 2015; Shinzato et al., 2019; Takeshima and Oka,

2015; Young and Eberhard, 2015). The other 64.7% (11/17) studies
estimated the prevalence of mixed features retrospectively by reviewing
medical charts and records. Whether retrospective inspection could be a
valid approach for estimating the prevalence of mixed features has
remained controversial. For example, McIntyre et al. estimated the
prevalence of mixed features based on the same retrospective approach
in 2015 and 2019 (McIntyre et al., 2019a; McIntyre et al., 2015). While
they concluded that estimating DSM-5-defined mixed features by using
Youth Mania Rating Scale scores could be useful (McIntyre et al., 2015),
they explicitly stated that their post-hoc analysis could not be an eval-
uation of DSM-5-defined mixed features criteria (Mclntyre et al.,
2019a). A large portion of the retrospective measurement of
DSM-5-defined mixed features reflects that current research could not
meet the demands of uncertainty. Third, most of the studies did not
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consider the representativeness of their sample, except for one nation-
wide study that included probability sampling (Hasin et al., 2018). Most
studies did not statistically consider the number and place of recruit-
ment sites and recruited subjects selectively or consecutively. From an
epidemiological perspective, such shortcomings are a fundamental issue
for the estimated prevalence of mixed features. Fourth, while there is a
lot of interest and controversy surrounding DSM-5 mixed features, most
of the studies that report their prevalence are of moderate to high risk of
bias, which does adequately demonstrate the validity. After excluding
studies with high risk of bias, the prevalence of the mixed features
decreased both in the MDE and manic/hypomanic groups. Whereas the
discrepancies in the pooled prevalence seem to be modest (11.6% versus
9.2% in MDE and 26.8% versus 21.6% in manic/hypomanic episode), it
is worth to investigate possible relationship between quality of study
and the estimated prevalence. Additionally, rather than reviewing
existing research data or medical records to retrospectively diagnose
mixed features, it is necessary to design a plan in advance and system-
atically investigate the prevalence.

5. Conclusion

In summary, we revealed that the prevalence of mixed features was
11.6% (95% CI = 7.9-16.7%) in MDE and 26.8% in manic/hypomanic
episodes (95% CI 17.0-39.5%). Given the several fundamental
shortcomings of the individual studies, such as retrospective measure-
ment and selective recruitment of the subjects, the pooled prevalence
should be considered tentatively. Future studies with a predetermined
epidemiological approach should confirm the prevalence. Last, given the
vast discrepancy in the prevalence of mixed features during MDD be-
tween East Asian and other regions, the essential nature of mixed fea-
tures should be considered in terms of the cross-cultural perspective.
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