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Abstract
Background: Few studies have systematically examined the safety and effective-
ness of antidepressant versus mood stabilizer monotherapy of bipolar Il depression.
To date, there are no aggregated or mega-analyses of prospective trials of individ-
ual participant-level data (IPD) to inform future treatment guidelines on the relative
safety and effectiveness of antidepressant or lithium monotherapy.
Methods: Data from a series of four independent, similarly designed trials of anti-
depressant or lithium monotherapy (where longitudinal IPD were available) (n=393)
were aggregated into an IPD dataset (i.e., mega-analysis). Hierarchical log-linear
growth models were used to analyze primary outcome of change over time in
Hamilton Rating Scale for Depression (HRSD) scores; while secondary outcomes ex-
amined Clinical Global Impressions severity (CGI/S) and change (CGI/C) scores, and
change over time in Young Mania Rating (YMR) scores.
Results: Relative to lithium monotherapy, antidepressant monotherapy demonstrated
significantly greater symptom reduction on HRSD scores across time (b=-2.33,
=-6.68, p<0.0001), significantly greater symptom reduction on the CGI/S across
time (b=-0.414, t=-6.32, p<0.001), and a significant improvement in CGI/C across
time (b=-0.47, t=-7.43, p<0.0001). No differences were observed in change over
time for YMR scores between antidepressant and lithium monotherapy (b=0.06,
t=0.49, p=0.62).
Conclusion: Findings from this IPD mega-analysis of bipolar Il depression trials sug-
gest a divergence from current evidence-based guidelines recommending combined
mood stabilizer plus antidepressant therapy. The current mega-analysis suggests that
antidepressant monotherapy may provide superior short-term effectiveness without
clinically meaningful increase in treatment-emergent hypomanic symptoms compared

to lithium monotherapy.
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1 | INTRODUCTION

Bipolar Il disorder is the most common phenotypic expression of
bipolar illness, affecting at least 1.1% of the adult population.? It is
diagnostically stable over time and rarely evolves into bipolar | dis-
order.>® Because bipolar Il disorder is characterized by a high re-
currence of depressive episodes and an absence of mania, putative
antidepressant treatment approaches for bipolar Il depression may
differ from that of bipolar | disorder.*

The use of antidepressant drugs for initial treatment of bipo-
lar Il depression has been controversial.® Practice guidelines for
the treatment of bipolar Il depression have been based largely

612 and often contradict one an-

upon expert consensus panels
other.!! In general, practice guidelines have been predicated upon
treatment approaches for bipolar | disorder, which prioritize the
use of lithium (or other mood stabilizers), and eschew the use of
antidepressants which may promote treatment-emergent manic
symptoms. 13713

Thus, the majority of current practice guidelines for treating bi-
polar Il depression have followed the treatment recommendations
for those of bipolar | depression, by recommending lithium mono-
therapy as first-line treatment, and only recommending the judicious
use of antidepressant therapy in combination with a mood stabilizer
for more severe bipolar |l depression that is unresponsive or partially
responsive to lithium alone.*?

In contrast, few guidelines have recommended the use of anti-
depressant monotherapy for treating bipolar Il depression.12 One
recent task force consensus recommended the cautious use of se-
lective serotonin reuptake inhibitor (SSRI) antidepressants or bu-
propion monotherapy for the short-term treatment of mild bipolar
Il depression; although combined use of SSRI plus mood stabilizer
therapy is still recommended for moderate to severe bipolar Il
depression.12

Consequently, there have been few prospective, controlled
trials of antidepressant versus mood stabilizer monotherapy for
short-term treatment of bipolar Il depression. Several controlled
clinical trials of bipolar Il depression**®'” have shown good ef-
fectiveness of SSRI monotherapy with a low propensity for manic
induction. One investigator has even suggested that some SSRI
antidepressants may function as mood stabilizer therapy in bipolar
Il depression.*®

The paucity of data aggregating information from multiple
treatment trials of bipolar Il depression to inform future evidence-
based treatment guidelines suggests that such analyses would be
helpful in clarifying the relative safety and effectiveness of an-
tidepressant versus mood stabilizer monotherapy for bipolar Il
depression.

1823 of individual partici-

Thus, we conducted a mega-analysis
pant data (IPD) from four independent, prospective treatment trials
of bipolar Il major depressive episode.

Of the prior published bipolar Il depression trials that were avail-
able for possible inclusion, we selected trials that included prospec-

tive, longitudinal trials where IPD were available and a treatment

duration of 12weeks was employed. This selection permitted us
to then analyze the IPD by aggregating the available datasets for
mege:—an:alysis,20'21'23

In contrast to conventional meta-analyses which aggregate
treatment main effects, mega-analyses with IPD datasets allowed
the aggregation of the longitudinal effects of treatments across
IPD points over time, allowing more precise estimates of safety and
effectiveness measurements, while also reducing sources of error
by controlling for covariates at the individual participant level.18-23
In this regard, mega-analyses have been extensively employed
previously for pooling aggregating IPD datasets from antidepres-

sants treatment trials for unipolar depression,22¢

although to our
knowledge, no IPD mega-analyses have been conducted to compare
safety and effectiveness of various pharmacotherapies for bipolar Il

depression.

2 | MATERIALS AND METHODS
2.1 | Selection of data for mega-analysis

We identified eight prior published reports of prospective, con-
trolled clinical trials of antidepressant monotherapy of bipolar Il
depression.’61727-36 Of these, we were able to acquire access to
the safety and effectiveness IPD datasets from six of the trials.?’~3¢
Of these, one trial®* was excluded because the data on efficacy of
fluoxetine monotherapy were retrospectively, and not prospectively
obtained. Of the remaining five trials, four were 12-week treatment
trials, while one was only an 8-week treatment trial. After consid-

eration, the latter trial®>3¢

was excluded from IPD mega-analyses,
because inclusion of the shorter 8-week duration into the planned
mega-analysis would have required an extrapolation of treatment
effectiveness data beyond 8 weeks in order to match the other 12-
week trials. Inclusion of this shorter trial would have then resulted
in an inaccurate estimation of treatment response; or would have
restricted our statistical analysis to only an analysis of covariance
of end-of-treatment (EOT) scores, as opposed to being able to ex-
amine continuous rates of symptom change over time. Thus, data
from four 12-week trials were included in our final aggregated IPD
mega-analysis dataset.?’ %%

All trials included in the current mega-analysis were prospective
and longitudinal in design, and all tracked safety and effectiveness
outcomes for at least 12weeks. Trial 12728 was a prospective, two-
phase study, of which Study phase | examined the safety and ef-
fectiveness of fluoxetine monotherapy (N=167). Trial 22930 (N=80)
was a prospective comparison of the safety and effectiveness of
variable-dose venlafaxine (n=42) versus lithium monotherapy
(n=238). Trial 3%! was a prospective cross-over comparison of venla-
faxine versus lithium monotherapy for non-responders of either prior
venlafaxine or lithium monotherapy (N=17). Trial 423 (N=129)
was a prospective safety and effectiveness comparison of venla-
faxine (n=65) versus lithium monotherapy (n=64). Thus, four tri-

27,29,31,32

als contributed data to the mega-analysis of antidepressant
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monotherapy, and two trials contributed to the mega-analysis of
lithium monotherapy.3%2

A total of 393 patients were included in the IPD mega-analysis
dataset. All four trials utilized similar protocol designs and were
conducted under Good Clinical Practice guidelines.37 For example,
all patients were outpatients >18years old with a DSM-IV-TR Axis
| diagnosis of bipolar Il disorder and current major depressive epi-
sode with a 17-item Hamilton Rating Scale for Depression (HRSD)%®
score>16. The frequency of all safety and effectiveness outcome
measurements were similar among trials.%” Clinical diagnoses was
verified via the Structured Clinical Interview for DSM-IV (SCID) Axis
| disorder.®’

The following IPD outcome measures were obtained at each
study visit: 17-item HRSD score, Clinical Global Impression*® Sever-
ity (CGI/S) score, Clinical Global Impression change (CGI/C) score,
and Young Mania Rating (YMR)* score. HRSD score was the primary
effectiveness outcomes, with CGI/S and CGI/C as secondary effec-
tiveness outcomes. YMR scores over time was the secondary, safety
outcome. All outcome measures were obtained at baseline and after
treatment weeks 1, 2, 4, 6, 8, 10, and 12, respectively, for all trials
included in our mega-analysis. Demographics (e.g., age, gender, race,
etc.) were also collected at baseline, and missing baseline charac-
teristics were imputed separately for each trial using random forest
imputation with the missForest procedure in R version 3.4.0.%?

2.2 | Statistical analysis procedure

In order to first understand how symptoms changed over the course
of lithium or antidepressant, we constructed two separate hierar-
chical log-linear growth models*® for lithium and antidepressant
monotherapy. For each model, the 17-item HRSD total score was
defined as the dependent variable, and time, defined in weeks, from
baseline (t=0) through week 12 was entered as a fixed effect predic-
tor. Arandom intercept and random slope of time was then modeled
for each patient, and patients were nested within trial. The model
also included baseline demographics of age, gender, race, rapid cy-
cling status, duration of current depressive episode, number of prior
major depressive episodes, and baseline YMR scores entered as
fixed effects covariates.

To further compare the rates of symptom change over the course
of lithium versus antidepressant monotherapies, treatment condi-
tion was coded as either lithium monotherapy or antidepressant
monotherapy treatment (effect coded as lithium=-0.5 and antide-
pressant=0.5). Time, treatment, and the treatment-by-time interac-
tion were entered as fixed effect predictors.

The specification of this comparison model is as follows:

¥i = PBoi+ By (log(time+1);) + Bo; treatment; )
+ B (log(time+ 1); x treatment;) + ... +e;
where: time=weeks of treatment, and time=0 represents base-

line. Treatment is an effect-coded factor, where lithium is the refer-
ence group. Thus, where Time=0, 3, represents the differences in

baseline 17-item HRSD total scores observed between lithium and
antidepressants. g, represents the time-by-treatment interaction; that
is, the difference in rate of symptom change per week between lithium
monotherapy and antidepressant monotherapy. Thus, we are able to
model both the mega-analytic regression curves of the aggregated IPD
data for lithium monotherapy the aggregated IPD data for antidepres-
sant monotherapy; and further, compare how the rates of symptom
change over the 12weeks between the two curves differ.

This process of constructing a separate lithium model, a separate
antidepressant model, and a model comparing the rates of symp-
tom change between the two was repeated using similar hierarchical
models for the secondary outcomes of CGI/S, CGI/C, and YMR. The
same predictors of time, treatment, the time-by-treatment interac-
tion, and the baseline demographic covariates were entered as fixed
effects for these models. A random intercept and random slope of
time were also modeled for each patient, and patients were nested
within trial. The only change in model specification was the outcome
variable to CGI/S, CGI/C, or YMR, respectively. Statistical analyses

were conducted in R version 4.1.2 using the package Ime4.44

3 | RESULTS
3.1 | Clinical and demographic characteristics

Table 1 displays some statistically significant differences among
treatment conditions for baseline demographic and clinical variables
(e.g., age of illness onset; age at first depressive episode, number
of prior hypomanic episodes, and baseline mean CGI/S score). For
example, there occurred a greater proportion of rapid cycling pa-
tients in the lithium (48.0%) and antidepressant (34.7%) (during ran-
domization ;(2: 5.14, p=0.023) conditions. Analyses of variance also
showed statistically significant randomization differences in several
clinical and demographic baseline variables among the three indi-
vidual treatment conditions (see Table 1). As previously reported,
mean serum lithium concentrations were 0.64mmol/L (SD=0.265,
range: 0.29-1.50) in trial 2,%% and 0.94mmol/L (SD=0.38, range:
0.30-2.40) in trial 4.3

3.2 | Primary outcome measures
3.2.1 | HRSD scores

Controlling for baseline covariates, patients treated with
antidepressant monotherapy showed a significant reduction in
HRSD scores over time (b=-5.08,t=-29.56, p <0.0001). Controlling
for baseline covariates, patients treated with lithium monotherapy
showed a significant reduction in HRSD scores over time (b=-2.72,
=-8.47,p<0.0001).

In the comparison model between antidepressants and lith-
ium monotherapy, after controlling for baseline covariates,
antidepressant-treated patients had higher baseline HRSD scores
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relative to lithium-treated patients (b=1.23, t=2.25, p=0 0.025).
There was a significant effect of time (b=-3.91, t=-22.41,
p<0.0001), reflecting symptom improvement over time in both
treatment conditions. There was a significant time-by-treatment
condition interaction (b=-2.33, t=-6.68, p<0.0001), indicating
that patients receiving antidepressant monotherapy experienced a
significantly greater reduction in HRSD score over time relative to

lithium monotherapy (see Figures 1 and 2).

3.2.2 | CGI/S scores

Controlling for baseline covariates, patients treated with antidepressant
monotherapy showed a significant reduction in CGI/S scores over time
(b=-0.81, t=-24.98, p<0.0001). Controlling for baseline covariates,
patients treated with lithium monotherapy showed a significant
reduction in CGI/S scores over time (b=-0.39, t=-6.08, p <0.0001).

In the comparison model between antidepressant and lithium,
after controlling for baseline covariates, there was no difference in
baseline CGI/S scores for antidepressant-treated patients relative to
lithium-treated patients (b=0.076, t=1.081, p=0.28). There was,
however, a significant effect of time (b=-0.388,t=-6.90,p <0.001),
reflecting symptom improvement over time in both treatments.
There was also a significant time-by-treatment condition interaction
(b=-0.414, t=-6.32, p<0.001), indicating that patients receiving
antidepressant monotherapy experienced a significantly greater re-

duction in CGI/S scores over time versus lithium monotherapy.

3.2.3 | CGI/Cscores

Controlling for baseline covariates, patients treated with

antidepressant monotherapy showed a significant reduction in

CGl/Cscores over time (b=-1.01,t=-22.76, p <0.0001). Controlling
for baseline covariates, patients treated with lithium monotherapy
showed a significant reduction in CGI/C scores over time (b=-0.43,
t=-4.80, p<0.0001).

Inthe comparison model between antidepressant and lithium, after
controlling for baseline covariates, antidepressant-treated patients
had higher CGI/C scores relative to lithium-treated patients at study
baseline (h=0.244, t=2.833, p=0.004). There was a significant effect
of time (h=-0.29, t=-5.29, p<0.0001), reflecting symptom improve-
ment over time in both treatments. There was also a significant time-
by-treatment condition interaction (b=-0.47, t=-7.43, p<0.0001),
indicating that antidepressant monotherapy produced significantly

higher CGI/C scores over time versus lithium monotherapy.

3.2.4 | YMR scores

Controlling for baseline covariates, patients treated with antidepres-
sant monotherapy showed no significant change over time in YMR
scores (b=0.09, t=1.42, p=0.16). Controlling for baseline covari-
ates, patients treated with lithium monotherapy showed no signifi-
cant change in YMR scores over time (b=0.037,t=0.24, p=0.81).

In the comparison model between antidepressant and lithium,
after controlling for baseline covariates, there was no main effect
of treatment condition (b=-0.027, t=-0.22, p=00.82), indicat-
ing there was no difference between antidepressant-treated and
lithium-treated patients at study baseline. There was no main effect
of time (b=0.06, t=0.97, p=0.332), indicating that YMR scores did
not change over the course of treatment. Neither was there a time-
by-treatment interaction (b=0.06, t=0.49, p=0.62), indicating that
there were no differences in the change over time in YMR-rated
manic symptom scores between antidepressant monotherapy and

lithium monotherapy (see Figure 3).
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FIGURE 2 Change in HRSD scores
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4 | DISCUSSION

We believe that this study represents the first mega-analysis
aggregating individual participant data on the relative safety and
effectiveness of two divergent short-term treatment approaches
for bipolar Il depression. It also explores current practice guideline
recommendations favoring lithium monotherapy, relative to

antidepressant monotherapy as first-line treatment for bipolar Il
depression.

By aggregating the longitudinal IPD treatment data from four
separate, prospective trials, we were able to model the longitudinal
trajectories of patients across either antidepressant monotherapy or
lithium monotherapy. This mega-analytic approach has multiple ad-
vantages over traditional meta-analyses. For example, it allowed us
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to expand our ability to model EOT differences and rate of symptom
and hypomania change over time at a finer granularity, as well as to
better control for patient-level variation in pre-treatment character-
istics such as demographics.lg’23

Specifically, through the use of aggregated IPD mega-analysis
across multiple treatment trials, we found that bipolar Il patients re-
ceiving both antidepressant monotherapy and lithium monotherapy
improved over in depressive symptoms over time. Furthermore, we
found that patients receiving antidepressant monotherapy improved
at a significantly faster rate than patients receiving lithium mono-
therapy. Furthermore, these effectiveness findings occurred in the
relative absence of significant differences in hypomanic symptoms
across time between antidepressant and lithium monotherapies (as
measured by the YMR), suggesting that there were no differences in
the safety risk of antidepressant-induced hypomania between treat-
ment conditions.

The results of the current bipolar Il depression IPD mega-analysis
appear to diverge from the consensus recommendations of many
practice guidelines. In contrast to the earlier recommendations that
antidepressant monotherapy be avoided in bipolar Il depression, the
current mega-analysis suggests that several antidepressant monother-
apies may provide superior short-term benefit for bipolar Il depression
(relative to lithium monotherapy), with little or no clinically meaningful
difference in treatment-emergent hypomania between treatments.

The reluctance to use antidepressant monotherapy in patients
with bipolar Il depression is most likely due to concerns over the pre-
cipitation of treatment-emergent manic symptoms. However, most
reports of antidepressant-induced mania in bipolar Il depression de-
rive from older studies of tricyclic antidepressant monotherapy in bi-
polar | depression, or from studies of bipolar depressed patients that
allowed for the inclusion of both bipolar | and bipolar Il depressed
subjects. 13154546

In contrast, observations from the current aggregated IPD mega-
analysis project comport with results from more recent, individual
randomized controlled trials of antidepressant monotherapy that

have focused exclusively on bipolar Il depression. 1417343547 Fqp

1.*” reported that patients with bipolar Il depres-

example, Kupfereta
sion were no more likely than patients with unipolar depression to
develop hypomania during acute imipramine monotherapy. Similar
findings were subsequently reported by Amsterdam et al.** More-
over, studies containing exclusively bipolar Il depressed patients
have shown good antidepressant effectiveness for escitalopram
monotherapy,’® fluoxetine monotherapy,?” sertraline monother-

29-32,48

apy,” and venlafaxine monotherapy, with a relatively low

frequency of drug-induced hypomanic symptom. Finally, Altshuler

etal.’

prospectively examined 142 bipolar Il depressed patients re-
ceiving either lithium monotherapy (n=49), sertraline monotherapy
(n=45), or combination lithium plus sertraline (n=48). Only 14% of
patients experienced a treatment-emergent hypomanic symptom:
mild hypomania (n=17); and severe hypomania (n=23). Hypomanic
switch rates did not differ between the antidepressant or lithium
monotherapy conditions, and these rates were similar to the com-

bined drug condition.

BIPOLAR DISORDERS INVVSRTR Said

Several caveats should be considered in the interpretation of the
current mega-analysis findings. The current IPD mega-analysis was
ultimately limited to the inclusion of data from four independent
trials conducted at a single, university-based research site (as the
inclusion of IPD results from other sites was unavailable for inclu-
sion). We acknowledge that the exclusion of trials from a diversity of
sites may have resulted in biased observations in the current mega-
analysis. On the other hand, we would also note that the inclusion
of aggregated IPD mega-analyses is only possible where IPD data-
sets are available, and we were unable to obtain useable prospec-
tive IPD data from three known antidepressant treatment trials for
bipolar Il depression.}¢3448 Fyrthermore, inclusion of trials with

substantially shorter treatment durations®>3¢

may have altered the
current findings, and would have also limited our ability to examine
relative safety and effectiveness outcomes over time. In this regard,
the inclusion into the current mega-analysis of trials with treatment
durations of at least 12 weeks, uniquely allowed us to analyze the ag-
gregated rate of change of depressive symptoms over time, relative
to the rate of treatment-emergent hypomanic symptoms occurring
over time. If we had included trials with shorter windows of obser-
vation, we would have had to extrapolate these data in order to ac-
curately compare their change over time with those of the longer
treatment duration datasets. This procedure may have introduced
a bias that could have misrepresented the rate of symptom change
in the shorter duration trials as being slower than that of the longer
duration trials. We would also have had to change the unit of anal-
ysis to EOT score for the 12-week trials with the resulting analysis
of covariance used to examined only baseline and EOT scores for all
trials (with the assumption that trials of varying lengths are similar in
outcome to one another). In this case, however, we could no lon-
ger comment on the rate of symptom change over time—which
we believe would provide a richer observation of antidepressant
monotherapy.

Although lithium monotherapy appears to be less effective than
antidepressant monotherapy in the current mega-analysis, we ac-
knowledge that other mood stabilizers (e.g., lamotrigine) may have
produced different outcomes than lithium.*

It is also possible that the relatively low treatment-emergent hy-
pomanic symptom rates seen among all treatment conditions repre-
sent a background frequency of manic symptoms due to the illness
rather than true drug-induced phenomena. Additionally, it is possible
that the lack of difference among treatment conditions in the rate
of hypomanic symptoms may be the result of relatively small sam-
ple sizes within the mega-analysis dataset, and that there is insuffi-
cient statistical power to detect group differences. Nevertheless, we
would note that the estimated change in YMR scores by the end of
week 12 was modest and not clinically meaningful for all treatment
conditions. We would further note that failure to detect significant
differences in YMR change scores between treatment conditions is
not proof that such differences do not exist.

It is also possible that the frequency and severity of hypomanic
symptoms may have been greater in the antidepressant condi-
tions had a longer treatment duration been proposed. However,
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observations from other bipolar Il depression trials suggest that the
majority of treatment-emergent hypomanic symptoms occur early
in therapy, if they occur at all, and do not generally interfere with
treatment outcome. ¢’

We would also note that the low detection rate of hypomanic
symptoms in the current mega-analysis may have resulted from the
inclusion of patients with more mild illness recruited from only a
single investigative site, whereby the patients had a generally lower
propensity for treatment-emergent hypomania. In contrast, how-
ever, we note that the estimated frequencies of hypomanic symp-
toms at baseline were similar for all treatment conditions and did
not differ substantially from hypomanic symptom rates reported by
other bipolar Il depression studies that were not included in the cur-
rent aggregated IPD mega-analysis.'’

It is possible that certain types of bipolar individuals (e.g., those
with a prior history of antidepressant-induced hypomania) may be
more vulnerable to treatment-emergent hypomania*; however, this
factor would have been accounted for by the moderator analyses
within the current mega-analysis.

Finally, we acknowledge that the results of this aggregated IPD
mega-analysis should be interpreted as preliminary, and limited by
the modest study number and sample size. For instance, while this
mega-analysis is the first to aggregate IPD data from multiple trials
of bipolar Il disorder, all the data included were obtained from previ-
ous trials run by the principal author. While this introduces the possi-
bility for investigator biases, we point out that our IPD mega-analysis
findings are consistent with the results of two other trials for which
we were unable to obtain IPD data.!®” Thus, findings from the
current IPD mega-analysis should not be construed as endorsing a
change in existing clinical practice guidelines for treating bipolar I
depression. Rather, this study represents the first aggregated IPD
mega-analysis of antidepressant versus mood stabilizer monother-
apy for acute bipolar Il depression.

While our current mega-analysis findings suggest that some an-
tidepressant medications may be more effective than lithium car-
bonate therapy at resolving acute bipolar Il depression, this should
not imply that antidepressants may also act as mood stabilizer drugs
during long-term therapy. Rather, our mega-analysis findings may
suggest that bipolar Il disorder may share neurobiological mecha-
nisms closer to recurrent major depressive disorder than with bi-
polar | disorder. Further studies will be needed to assess a possible
mood stabilizer effect of long-term antidepressant therapy on the
prevention of hypomania in bipolar Il disorder.

In conclusion, the recommendations drawn from this series of
evidence-based bipolar Il studies would appear to diverge from ear-
lier bipolar practice guidelines. Antidepressant monotherapy may
provide superior short-term benefit for bipolar Il depression, with
no clinically meaningful, treatment-emergent increase in hypomanic

symptoms (relative to lithium monotherapy).
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