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Abstract

Objective: Some individuals with bipolar disorder (BD) experience manic and depressive
symptoms concurrently, but data are limited on symptom mixity in older-age bipolar disorder
(OABD). Using the Global Aging & Geriatric Experiments in Bipolar Disorder Database, we
characterized mixity in OABD and associations with everyday function.

Methods: The sample (n=805), from 12 international studies, included cases with both

mania and depression severity ratings at a single timepoint. Four mixity groups were created:
asymptomatic (A), mixed (Mix), depressed only (Dep) and manic only (Man). Generalized linear
mixed models used mixity group as the predictor variable; cohort was included as a random
intercept. Everyday function was assessed with the Global Assessment of Functioning score.

Results: Group proportions were Mix (69.6%; n=560), followed by Dep (18.4%; n=148), then
A (7.8%; n=63), then Man (4.2%; n= 34); levels of depression and mania were similar in Mix
compared to Dep and Man, respectively. Everyday function was lowest in Mix, highest in A, and
intermediate in Man and Dep. Within Mix, severity of depression was the main driver of worse
functioning. Groups differed in years of education, with A higher than all others, but did not differ
by age, gender, employment status, BD sub-type, or age of onset.

Conclusions: Mixed features predominate in a cross-sectional, global OABD sample and are
associated with worse everyday function. Among those with mixed symptoms, functional status
relates strongly to current depression severity. Future studies should include cognitive and other
biological variables as well as longitudinal designs to allow for evaluation of causal effects.

Keywords

bipolar disorder; geriatric; elderly; mania; depression

OBJECTIVE

Bipolar disorder (BD) is characterized by two distinct types of mood symptoms, depression
and mania/hypomania. However, some individuals with BD experience a ‘mixed’ state in
which manic or hypomanic and depressive symptoms are present concurrently. The most
recent version of the American Psychiatric Association’s Diagnostic and Statistical Manual
(DSM-5) includes a ‘with mixed features’ specifier that applies to a manic or hypomanic
episode with three or more depressive symptoms (or to a depressive episode with three or
more manic symptoms) (1). Patients with Type | BD mixed symptoms have been noted
to have a worse clinical course than those with ‘pure” manic states, including more mood
episodes, episodes of longer duration, and greater risk of suicidality (2).

Previous work suggests relatively minor differences in the mood symptom presentation
of older versus younger patients with BD (3, 4). Few studies have specifically examined
mixed states in older adults with bipolar disorder (OABD), however, and little is known
about how common such states are in late life and how they relate to functioning in this
group. The link between mixed features and circadian rhythms and sleep (5) in tandem

with well-known age-related changes in sleep and rhythms and increased incidence of sleep
disorders (6) suggest that mixity might increase with age. It also seems reasonable to predict
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that depressive symptoms might predominate over mania symptoms in OABD compared to
younger BD patients, given the known link between late-life depression symptoms and white
matter hyperintensities (7), which are also seen in OABD, particularly those with a later age
of onset (8). Finally, given the association of mixed symptoms with worse outcomes in BD
(5), which has mostly been examined in younger samples, it seems reasonable to examine
mixity as a possible predictor of functional outcomes in OABD.

The Global Aging & Geriatric Experiments in Bipolar Disorder Database (GAGE-BD), is

a large integrated sample comprising archival studies being used to advance understanding
of OABD (9). Previous work suggested a possible attenuation of both depressive and manic
symptom severity with age (10), and a strong association of depression symptom severity
with functional outcomes. However, the relative severity of mania and depression within
individuals has not been examined, nor has the association of mixity with functioning. In the
present study, we sought to get a better picture of age-relationships to mixity and relative
symptom severity and the association of mixity with functioning in OABD. In this analysis,
we created four subgroups of patients based on relative current mania and depression
symptom severity: asymptomatic (A), mixed (Mix), depressed only (Dep), and manic only
(Man). We hypothesized that older patients would be more likely to fall into the Dep and
Mix subgroups compared to younger patients, and that functioning would be more impaired
among participants in Mix compared with the other groups. We also explored whether there
were any other demographic (e.g., gender, education, employment status) or clinical (age of
onset, bipolar subtype) differences between mixity groups.

METHODS

Samples

We analyzed cross-sectional, multisite data from Wave 1 (as of March 2020) of the GAGE-
BD integrated dataset. The project has been described previously (9) and details about each
of the samples included in the first wave of the dataset, including the sample characteristics
and meta-data about the contributing studies, have been reported elsewhere (10). Participants
with BD were included in the present analysis if data on both mania severity and depression
severity at a single timepoint were available (n=805). A total of 12 samples from 9 sites
contributed data to this analysis: Lady Davis Institute’s ‘ Atorvastatin for the Treatment of
Lithium-Induced Nephrogenic Diabetes Insipidus: A Randomized Controlled Trial’ study
(Atorvastatin; n=6); Case Western Reserve University’s ‘Asenapine in the Treatment of
Older Adults with Bipolar Disorder’ study (OPT-BD; n=16), ‘Ziprasidone Switching in
Response to Adherence in Psychotropic-related Weight Gain Concerns among Patients with
Bipolar Disorder’ study (ZIP-AD; n=30), ‘Open-label, Prospective Trial of Lamotrigine for
Symptoms of Geriatric Bipolar Depression’ study (GERI-SAD; n=44), and the multi-site
“Treatment Adherence Enhancement in Bipolar Disorder’ study (CAE; n=184); McLean
Hospital's *Geriatric Psychiatry Mood Disorders Research Database’ (GMDD; n=37);
Center for Addiction & Mental Healt/7 s ‘Cognition in Euthymic Older Adults with Bipolar
Disorder’ study (Cog-BD; n=48), Tajpei Medical University’s Study 1 (TMUL; n=56),
University of California San Diego’s ‘Dynamic Inflammatory and Mood Predictors of
Cognitive Aging in Bipolar Disorder’ study (Inflammaging; n= 64), Yale University's

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 October 01.
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‘Mood Disorders Research Program Database’ (Yale; n=84), University of Pittsburgh
Medical Center's ‘The Effect of Bipolar Disorder and its Comorbidities on Cognition

in Older Adults’ study (UPMC; n=104), and University of Barcelona's Bipolar Disorder
Program Cohort (UBBDPC; n=132). Approval to contribute data was obtained by each
site’s institutional review boards or ethics committees and by the GAGE-BD coordinating
center (Case Western Reserve University School of Medicine, Cleveland, Ohio, USA).
Supplemental Table 1 shows the inclusion/exclusion criteria for the 12 studies from which
our data were derived.

As previously described (10), demographic characteristics (age, gender, education, and
employment status) and clinical data (diagnosis, BD subtype, age of onset, depression
severity, and mania severity) were harmonized across studies. For mania severity, the
Young Mania Rating Scale (11) was used by all included studies. For depression severity,
some studies used the Hamilton Depression Rating Scale (HAM-D) (12) and others the
Montgomery-Asberg Depression Rating Scale (MADRS) (13), so a 3-level depression
severity score was created informed by published cut-off scores and the distribution of
scores in the dataset: 0 = Absent depression (HAM-D or MADRS = 0), 1 = Lower
depression (HAM-D = 1-16 or MADRS = 1- 19), 2 = Higher depression (HAM-D = 17
or MADRS = 20 (14, 15). The sample sizes and mean £ SD depression severity scores for
the respective categories were: n=98 (HAM-D: 0.0+0.0; MDRS: 0.0+0.0), n=535 (HAM-D:
4.0+4.4; MDRS: 7.9+£2.0), n=179 (HAM-D: 19.1+£3.7; MDRS: 28.2+4.4).

To create mixity groups based on the within-subject pattern of current BD symptom severity,
we also created a 3-level severity category for mania, based on YMRS total scores. The
cutoffs we used were informed by our sample distribution (i.e., we desired to have adequate
sample size in each category) and a consensus statement of experts in BD (16). The resulting
categories were as follows: 0 = Absent mania (YMRS = 0), 1 = Lower mania (YMRS=1-
4), and 2 = Higher mania (YMRS = 5). Note that the terms lower and higher mania

refer to the relative severity within our sample, not to absolute clinical significance of the
symptoms. The respective sample sizes and YMRS score mean +SD and range for these
categories were, respectively: n=211 (0.0+£0.0; 0-0), n=253 (2.36£1.1; 1-4), and n=341
(9.70£5.0; 5-44). We then created the four mixity groups from the intersection of the mania
and depression 3-level categories of current mood symptoms. Individuals in the A group

had scores of 0 for both mania and depression. Individuals in the Mix group had either
lower depression + lower mania, lower depression + higher mania, lower mania + higher
depression, or lower mania + higher depression. Individuals in the Man group had absent
depression + lower mania or absent depression + higher mania; Individuals in the Dep group
had either absent mania + lower depression or absent mania + higher depression.

Everyday functioning, our primary outcome measure, was assessed using the Global
Assessment of Functioning (GAF) (17).

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 October 01.
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Statistical Analyses

RESULTS

To compare mixity groups on all variables, we used generalized linear mixed models with
mixity group (4 categories) as the predictor variable. Continuous dependent variables (i.e.,
age, GAF, age of onset, education, YMRS), were checked for normality and transformed

if necessary; log transformation of YMRS scores improved indices of normality. Within

the linear mixed models, an identity link function was employed for continuous outcome
variables; for discrete variables (e.g., gender, employment status, bipolar subtype, 3-level
depression and mania severity categories) a binomial or multinomial distribution and logit
link function was used. Our primary dependent measures were age and GAF; other analyses
were exploratory. Cohort (study sample) was included as a random intercept to account for
meta-data differences between the contributing studies. All analyses were carried out in IBM
SPSS version 28. For all analyses, a two-sided alpha of 0.05 was considered statistically
significant.

Demographic and clinical descriptive summary:

Table 1 shows descriptive variables for the total sample and the four mixity groups along
with the results from the linear mixed model comparing the groups. The overall sample had
an average age in the mid 50’s, a higher proportion of women than men, slightly more than
high school level education, and about a quarter were employed. Total YMRS average score
was approximately 5. The majority of individuals scored in the lower severity harmonized
depression category. GAF score was available in a subset of 439 participants; the average
value was 61.1+12.8, indicating mild to moderate difficulties with everyday function.

As seen in Table 1 and Figure 1, the most frequently observed mixity group in our global,
multi-site OABD sample was Mix (69.6%; n=560), followed by Dep (18.4%; n=148), then
A (7.8%; n=63), then Man (4.2%; n= 34). Among those in the Mix group, individuals had
either lower depression + lower mania (34.6%; n=194), lower depression + higher mania
(35.7%; n=200), higher depression + lower mania (7.1%; n=40), or higher depression +
higher mania (22.5%; n=126). In the Dep group, individuals had either lower depression

+ absent mania (92.6%; n=137) or higher depression + absent mania (7.4%; n=11). In the
Man group, individuals had either absent depression + lower mania (55.9%, n=19) or absent
depression + higher mania (44.1%; n=15).

Symptomatic clinical presentation:

Manic symptoms of higher severity (i.e., total YMRS score of 5 or higher), were found

in 42.3% (n=342) of the entire sample of 805 BD cases. Depressive symptoms of higher
severity (i.e., HAM-D score of at least 17 or MADRS score of at least 20), were found

in 22% (n=177) of the entire sample. Among the 126 individuals with concurrent higher
manic and higher depressive symptoms (15.7% of the entire sample), Table 2 shows the top
5 symptom domains identified on the YMRS, HAM-D and MADRS. The most common
manic symptoms were language/thought disorder and irritability and the most common
depressive symptoms were concentration problems, sadness, and anxiety.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 October 01.
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Relationship to primary dependent variables:

Since study cohorts (samples) differed in the proportion of each mixity group (data not
shown), we accounted for the cohort structure of the data in all models. Mixity groups did
not differ in age (F[3,800]=.339, p=.80; Supplemental Table 2a). GAF scores, however, were
significantly different between groups (F[3,435]=16.1, p=<0.001; Supplemental Table 2b).
Pairwise comparisons showed that Mix had worse everyday function than all other groups,
A had the best functioning, and Dep and Man were intermediate and not different from each
other (Figure 2). The differences in functioning between the Mix group and the two unipolar
groups (Dep and Man) did not appear to be due to the Mix group being more severe on
either pole: Mix did not differ significantly from Man in level of mania (F[1,592]=.066,
p=.80) or from Dep in proportions of each depression severity category (F[6,797]=.819,
p=.555). Follow-up analyses only within the Mix group predicting GAF in a model with
both 3-level depression and 3-level mania revealed that the main driver of poor functioning
in this group was the severity of depression (F[1,340]=56.9, p<0.001), not severity of mania
(F[1,340]=1.2, p=.274; Supplemental Table 2c).

Exploratory analyses:

We found that education level differed by mixity group (F[3,658]=3.6, p=.014); specifically,
education was higher in the A group than all others (Supplemental Table 2d and
Supplemental Figure 1). This finding was in the context of controlling for substantial

site differences in educational attainment, particularly among the 6 sites that contributed
participants in the A group (CAMH, UCSD, TMU, McLean, Barcelona, Yale). Mixity
groups did not differ on any other explored variables, including gender (F[3,800]=.23,
p=.87), employment status (F[3,564]=.32, p=.81), bipolar subtype (F[3,674]=.191, p=.903),
or age of onset (F[3,646]=.94, p=.42).

CONCLUSIONS

Previous comprehensive reviews have documented the wide-spread occurrence of concurrent
manic and depressive symptoms in people with BD and the likelihood of repeated episodes
with poor symptomatic and functional recovery seen among those with mixed symptoms

(5, 18). In our multi-national sample of over 800 BD cases, with a good representation

of individuals aged 50 years and older and adequate gender balance, mixed manic and
depressive symptoms of varying severity were relatively common (70%). The definition

and conceptualization of mixed states has varied over time, but was substantially modified
in DSM-5, requiring the presence of only three symptoms of the opposite mood polarity

to qualify for the specifier “with mixed features” (1). Of note, this specifier could be

used for a full-blown manic episode in BD type I, hypomanic episodes in Type | or Type

I1 BD, as well as for a depressive episode in major depressive disorder (MDD) (19).

Nearly 16% of individuals in our predominantly OABD sample had concurrent manic and
depressive symptoms of higher severity. This is similar to the rate (14.3%) of mixed features
based on the DSM-5 criteria observed in a multi-center study that included adults with

BD of all ages (20). Among those with the most severe concurrent manic and depressive
symptoms, language/thought disorder and irritability predominated as manic symptoms
while concentration problems, sadness, and anxiety predominated as depressive symptoms.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 October 01.
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Contrary to our initial hypothesis, we did not find that older participants were more likely

to fall in the subgroups characterized by current depression symptoms (Mix and Dep), as
there was no association of mixity group with age. In our previous work with the GAGE-BD
sample, we observed lower depression severity and lower mania severity with older age; the
present results further suggest that older BD patients do not have less mixity of symptom
presentation nor are they more likely to show one pole of symptoms relative to the other or
to be completely asymptomatic. Further longitudinal study will be necessary to understand
the evolution of mixed symptoms within individuals across later-lite.

Importantly, consistent with our prediction and the literature on younger and multi-age
samples (5), we found that the subgroup with mixed manic and depressive symptoms had
the worst functioning, groups with only depression or mania symptoms were intermediate
and similar to each other, and the A group was the least functionally impaired. Our results
suggest that mixity itself is an important correlate of functioning above and beyond the
severity of either mood pole alone, especially since the Mix subgroup was not more

severe in depression than the Dep group nor were they more severe in mania than the

Man group. However, among those with mixed symptoms, the severity of their depressive
symptoms was more related to functioning than the severity of their mania symptoms. This
is consistent with our previous findings showing a strong relationship of depression, but not
mania, symptoms to functioning when these were considered independently in the whole
GAGE-BD sample (10). The importance of depression symptoms over other symptoms to
functioning is also in line with recent findings that residual depression is one of the strongest
predictors of functioning among euthymic BD (21). Thus, OABD patients who present
with mixed symptoms, especially those with higher severity of depressive than manic
symptoms in the mix, are likely to have the poorest functional status. These data emphasize
the importance of clinically addressing depressive symptoms in OABD particularly when
symptoms of mania are also present in order to potentially improve functioning and overall
recovery. In our exploration of other demographic and clinical variables that might be
associated with mixed features and using generalized linear mixed models, only education
was significantly associated, with higher levels of education seen in the A group compared
to others. This might suggest that OABD who are more educated have better health literacy
and perhaps are better equipped to advocate for high-quality care that helps them achieve
complete symptom remission. Alternatively, individuals with more education may also have
greater financial resources that allow them to get services and support that help with BD
recovery outcomes. It must be noted that while there was a lot of heterogeneity by site

in educational attainment in this global sample, overall this was a relatively well-educated
sample with an average of at least a high school education (mean years of education 13.2,
SD 3.8) and findings may not be generalizable to groups with lower educational attainment.

An important caveat to interpreting the results of these analyses is the fact that our
characterization of mixity was derived from scores on standardized symptom rating scales
for mania and for depression. There is not clear consensus on what might constitute mixity
among OABD, particularly with respect to thresholds on the YMRS, MADRS and HAM-D.
A 2005 study by Suppes and colleagues in mixed age adults and based on DSM IV-TR
criteria which required the full constellation of manic/hypomanic and depressive symptoms
concurrently, classified mixed cases as having a total YMRS score of 12 or higher and an

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2023 October 01.
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Inventory of Depressive Symptomatology—Clinician-Rated Version score of 15 or higher
(22). More conservative values might be applied if one considers the goal to be BD
remission. Tohen et al. (23) defined BD mania remission as a total score of < 5 and Berk et
al. (24) noted that a YMRS score < 4 approximates remission. A 2009 International Society
of Bipolar Disorder (ISBD) consensus summary of recommendations on remission using
rating scales suggests a threshold of 5 or 7 on the HAM-D and a threshold of 4 or 7 on

the YMRS (16). Given the broadened eligibility for mixed features (3 symptoms on either
pole in DSM-5), the fact that most of the GAGE-BD sample are outpatients not in acute
affective episodes, and the observation that the GAGE-BD sample skews towards lower
manic symptoms, our classifications of mixity seems appropriate for our specific sample, but
may not necessarily generalize to the larger population with OABD.

This study had a number of additional limitations inherent in an analysis of archival data
and use of an aggregated sample from diverse sources. Meta-data were heterogeneous, and
although none of the original studies focused on mixed states, the fact that some studies
had inclusion criteria that specifically included variables relevant to symptom severity
(COG-BD, UPMC, GERI SAD studies) could have led to enrichment of certain subgroups
in these samples. Depressive symptoms were assessed using different evaluation methods
and harmonization procedures to facilitate data analysis resulted in a loss of information
granularity as continuous measures were collapsed into broad or selective categories. The
cross-sectional design also limits interpretation because the duration and stability of the
pattern of relative symptom severity captured at one baseline visit is unknown, and one
cannot evaluate potential causal effects of mixed features of OABD on function when they
are measured concurrently. A prospective, longitudinal and homogeneous cohort design
would have likely delivered stronger conclusions about causality (25). Finally, the overall
GAGE-BD sample had fairly low severity of both mania and depression symptoms, were
generally outpatients, and most had a typical age of onset in early adulthood, so our
estimates of the prevalence of the mixity subgroups may not generalize to OABD with
more severe or acute symptoms or those with a late onset of the disorder.

In conclusion, these analyses of different OABD groups with mixed versus unipolar versus
absent BD symptoms suggests that mixity to some degree is very common in this age
group, with about 16% showing concurrent high severity of mania and depression. Mixity
is associated with greater functional impairment; those with mixity characterized by higher
depression severity have particularly impaired functioning. Given that treatment of mixed
symptoms and bipolar depression is challenging, and very few clinical trials of any sort
exist for OABD, more work is needed to determine the best approaches to maximize
functioning and promote recovery in people with BD as they age. In addition, future studies
to investigate whether mixed symptoms could contribute to functional decline in OABD
should include cognitive and other biological variables, as well as employ longitudinal
designs that will allow for better evaluation of causal effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

Mosaic plot of the frequency of mixity groups and the composition of each mixity group in
terms of relative symptom severity. The width of each box reflects the proportion of each
mixity group within the total sample and the height of each box reflects the proportion

of each relative symptom severity group within each mixity group. The area of the boxes
reflects the proportion of the combinations of mixity group and symptom severity levels
in the total sample. Gray color indicates asymptomatic participants (absent depression
and absent mania); blue colors indicate the depressed only group: light blue indicates
intermediate depression and absent mania and dark blue indicates higher depression and
absent mania; red colors indicate the mania only group: light red indicates intermediate
mania and absent depression; dark red indicates higher mania and absent depression;
purple colors indicate the mixed group: light purple indicates intermediate depression and
intermediate mania; reddish purple indicates intermediate depression and higher mania;
blueish purple indicates high depression and intermediate mania; dark purple indicates
higher depression and higher mania.
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Figure 2:

Estimated marginal means for global assessment of functioning (GAF) scores for mixity
groups from generalized linear mixed model that included site as a random intercept.
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