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Abstract
Medication non-adherence is a key clinical concern in bipolar disorder across the lifespan.
Cognitive deficits in older adults with bipolar disorder may hinder medication management
ability, which, in turn, may lead to non-adherence. Using an innovative performance-based
measure of medication management ability, the Medication Management Ability Assessment
(MMAA), we compared performance of 29 middle-aged older community dwelling outpatients
with bipolar disorder who were clinically stable (mean age=61, sd=11 years; rage 45 to 86) to 59
normal control subjects (NCs) and 219 outpatients with schizophrenia. The MMAA is a role-play
task that simulates a medication regimen likely to be encountered by older adults. Within the
bipolar group, we examined the relationships of MMAA scores to demographic, psychiatric
symptoms severity, and the Dementia Rating Scale scores. The bipolar group made 2.8 times the
errors on the MMAA than NCs (Bipolar group =6.2 (sd=5.5) vs. NCs=2.2 (sd=2.5), and did not
significantly differ from the schizophrenia group in errors on the MMAA. Errors in the bipolar
group were more likely to be in taking too few medications as in taking too many. Within the
bipolar group, a significant correlation was seen between MMAA scores and DRS Total Score,
but not with age, education, BPRS, HAM-D, number of psychiatric medications, or medical
conditions. Among DRS subscales, the Memory Subscale correlated most strongly with MMAA
errors. This small cross-sectional study suggests that deficits in medication management ability
may be present in later-life bipolar disorder. Neurocognitive deficits may be important in
understanding problems with unintentional non-adherence.
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Introduction
Empirical research on medication adherence in bipolar disorder has focused on intentional
non-compliance, such as lack of insight into the need for medications, desire to avoid
medication side-effects, and other beliefs or attitudes about the psychotropic medications(1).
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However, cognitive changes and other factors associated with aging may place older patients
with bipolar disorder at risk for unintentional non-adherence.

A key concept in regard to unintentional non-adherence is medication management ability,
which is the capacity to carry out a prescribed medication regimen. Effective self-
management of medications requires a series of cognitive processes, involving language/
comprehension, prospective memory, verbal episodic memory, and attention/working
memory and other executive functions (2).

Neuropsychological deficits among older patients with bipolar disorder may be worse than
those seen in young adult patients (3–5). Although it is unclear whether any such age-related
decline reflects the additive effect of normal age-related cognitive changes, it is suggested
that accumulation of affective episodes may result in greater neurocognitive impairment (6).
Older patients are also prone to higher numbers of co-morbid medical conditions, and the
parallel polypharmacy; thus, are more likely to have complex medication management
regimens while having fewer cognitive resources (7–9).

Despite clinical relevance, there is a dearth of empirical information on the frequency,
magnitude, and causes of impairment in medication management ability among older
patients with bipolar disorder. However, several structured performance-based measures of
medication management ability have been developed and successfully applied in research on
patients with HIV-infection (10) or schizophrenia (11). They involve a simulated medication
management task, i.e., the patient is presented with a set of pill bottles, and is asked to
orchestrate a hypothetical regimen by following the labels (11). The Medication
Management Ability Assessment (MMAA), developed at our Research Center, is the only
measure designed for use with middle-age and older patients with serious mental illness (11,
12). It has been validated in older outpatients with schizophrenia (11, 13), showing high
correspondence with self-report and other measures of actual medication adherence (11).

In the present study, we examined performance on the MMAA among 29 middle aged and
older adults with bipolar disorder and compared them to 54 age-matched
neuropsychiatrically healthy comparison subjects (NCs) and 219 outpatients with
schizophrenia. Within the bipolar group, we assessed the correlates of MMAA performance
to demographic characteristics, medical comorbidity, number psychotropic medications,
psychiatric symptoms, and cognitive functioning, as measured with the Dementia Rating
Scale. We also assessed the relative strength of these independent variables on MMAA
scores, as well as within the specific subscales of the DRS. We hypothesized that, on
average, medication management capacity would be impaired among bipolar patients
compared to NCs, but better than the schizophrenia group. However, given the degree of
heterogeneity in level of cognitive and functional impairment in bipolar disorder (5), we also
anticipated a wide-range of medication management ability would be present. Further, in
light of the apparent cognitive-dependency of medication management (2), we hypothesized
that cognitive functioning would be the strongest predictor of MMAA performance. Finally,
we predicted that three domains of cognitive functioning (DRS Attention, Initiation/
Perseveration, and Memory) would relate to MMAA scores

Materials and Methods
Participants

This report is based on analyses of data from several studies on later life psychotic disorders
housed within the National Institute of Mental Health (NIMH) - funded Advanced Center
for Interventions and Services Research at the University of California, San Diego (UCSD)
between April 1998 and August 2001. The participants with bipolar disorder or
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schizophrenia were recruited through UCSD’s outpatient psychiatric clinics, the VA
hospital, and board and care facilities in San Diego. NCs were volunteers recruited through
local advertisements. All the participants provided written informed consent prior to
participating. The UCSD Human Research Protections Program reviewed and approved the
original protocols. Some of the data from the participants have been included in prior reports
(5, 14), however data on the MMAA in patients with bipolar disorder have not been
published.

We included all participants with DSM-IV diagnoses of bipolar disorder I or II who had
been administered the MMAA (n=29). We included all participants who were NCs (n=54)
or with schizophrenia (n=219) who had been administered the MMAA whose ages were
within the range of that of the bipolar group. All participants were screened with a medical
history questionnaire and laboratory and physical examinations to exclude the following: 1)
history of major neurological disorders or head trauma, 2) or DSM-IV diagnosis of
dementia, 3) current inpatient treatment for medical or psychiatric disorder, and 4) diagnosis
of current substance abuse or dependence. Diagnoses were made with administration of the
Structured Clinical Interview for the DSM-IV by trained psychology or psychiatry fellows,
and confirmed during a subsequent consensus meeting.

All but one bipolar participant (diagnosed with Bipolar II) were diagnosed with Bipolar I.
Current medication data were available on all but 1 bipolar participants. A total of 35% were
taking an anti-convulsant (carbemazapine, valproic acid, other anticonvulsant) and 29%
were taking lithium. In addition, 72% were taking antipsychotic medications, of which 75%
were atypical antipsychotics and 25% typical antipsychotics. Medication data was missing
for 8 participants with schizophrenia. A total of 98% were taking an antipsychotic, of which
79% were atypical and 21% were typical antipsychotics. The higher than expected
proportion of typical antipsychotic medications is because some of the data were collected
prior to the widespread use of atypical antipsychotics

Measures
Demographic and Clinical Information

Data were collected by clinical interview with a trained research assistant on age, gender,
ethnicity, living situation, education, number of current psychotropic medications (up to 4)
and self-reported ICD-10 medical illnesses (up to 6).

Medication Management Ability Assessment (MMAA)
The MMAA involves a role-play in which the assessor describes each of four medications
with their respective dosages and instructions. Approximately 30 minutes later participants
are asked to describe how they would take their regimen of medications throughout the day
(e.g., at breakfast I would take…). They are able to refer to the bottle labels at all times, and
with each dose the participant physically hands over the “pills” to the examiner. Errors are
recorded as the number over or under the number possible correct (out of 21 “doses”).
Details for the reliability and validity of the MMAA have been published previously (11).

Cognitive Assessment
Severity of cognitive deficits was evaluated with the Mattis Dementia Rating Scale (DRS)
(15). Scores range from 0 to 144, with lower scores indicating greater impairment. Subscales
include attention, initiation/perseveration, construction, conceptualization, and memory.
Prior research has shown the DRS is sensitive to cognitive impairments associated with
bipolar disorder (3).
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Clinical Evaluation
Severity of psychopathologic symptoms were evaluated with the Hamilton Depression
Rating Scale (HAM-D) (16), and the Positive and Negative Syndrome Scale (17). To assess
manic symptoms, from the PANSS, we extracted a four item “Excitement” subscale
(grandiosity, impulsiveness, hostility, and excitability), which has been previously shown to
correspond to established measure of manic symptoms (18). The research assistants who
administered and scored these scales were kept unaware of the participant’s diagnostic status
(to the extent possible) and DRS performance during administration and scoring.

Statistical Analysis
We compared the three groups on demographic, clinical, and MMAA variables via
univariate ANOVAs for continuous variables and chi-square tests for categorical variables,
and we conducted pairwise comparisons with Bonferroni corrections, controlling for age and
gender. Within the bipolar group we examined Pearson correlations with the Number of Pill
Errors on MMAA (range 0 to 21) and the continuous variables. Finally, to compare obtained
correlations between the different DRS subscales and MMAA scores, we calculated t-values
for differences in correlations in a dependant sample, based on the formula provided by
Cohen et al. (19). For correlational analyses, the p-value set to 0.01 to mitigate Type 1 error.

Results
Comparison of the demographic characteristics, psychopathology rating scale scores, and
cognitive functioning scores among the three groups is provided in Table 1. Among the
three groups, the NCs were the oldest (66.0 years (sd=11.0)), BD participants were
intermediate (60.7 years (10.9)), and the SC group the youngest (sd=52.8 years (6.1)
F(2,296)=101.3, p=0.010. The patient groups had a lower proportion of women. All
subsequent analyses controlled for age and gender. The NCs and bipolar groups had a higher
mean level of educational attainment than the schizophrenia group, and both patient groups
were more likely to reside in a supported housing. The bipolar group was intermediate
between the schizophrenia and NCs in terms of psychotic symptomatology (PANSS).
Global cognitive functioning (DRS Total) among bipolar patients was intermediate between
that of schizophrenia patients and NCs(5). The patient groups did not differ in depressive
symptom severity (HAM-D) or manic symptoms (PANSS ‘Excitement’ subscale, both with
higher scores than the NCs. The mean level of psychiatric symptomatology was in the mild
range on both the BPRS and HAM-D.

The mean number of errors in the bipolar group was 2.8 times higher than that in the NCs
group, and not statistically different from that in the schizophrenia group (Figure 1)
[(F(2,295)=36.9, p<0.001); pairwise NC<BD=SC]. A total of 83 % of the bipolar group
made at least two errors and 52% made at least five errors out of 21 correct responses. In
contrast, 50% of the NCs made at least two errors, and only 17% made 5 or more. A total of
78% of the schizophrenia made at least two errors, and 53% made more than 5. The bipolar
group was significantly more likely than the NCs to make errors in taking too few
medications (F(2,295)=53.4, p<0.001; NC<BD=SC), but groups did not differ in the number
of errors in taking too many medications [(F(2,295)=0.066, p=0.937).

Within the bipolar group, the only significant correlation with MMAA scores was the DRS
Total Score (r=0.554, p=0.003) (Table 2). Older age was positively, but non-significantly,
related to MMAA errors (r=0.329, p=0.082). For categorical variables, we found no
differences in MMAA errors by gender (F(1,27)=1.69, p=0.204), ethnicity (F(1,27)=2.09,
p=0.159), or living situation (F(1,27)=2.09, p=0.159). None of the other continuous
variables (age of onset, duration of illness, HAM-D, PANSS Overall, PANSS ‘Excitement’,
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number of psychotropic medications) correlated significantly with MMAA errors. Among
DRS subscales, the only significant correlate at the p<0.01 level of MMAA errors was the
Memory subscale (r−0.521, p=0.006), with correlations for the other subscales as follows:
Attention (r=−0.297, p=0.141), Initiation/Perseveration (r= −0.346, p=0.84), Construction
(r=−0.411, p=0.037), and Conceptualization (r=−0.427, p=0.029). The correlation between
Memory and MMAA scores was not significantly different from the other correlations, with
the largest obtained t-value for the Attention subscale (t=1.75<critical value=2.06).

Discussion
Medication management ability is a vital aspect of staying adherent to medication regimens.
As hypothesized, we found significantly worse performance on a performance-based
measure of medication management ability in bipolar disorder relative to NCs. Participants
with bipolar disorder made three times as many errors as the NCs group, and errors on the
MMAA were seen in taking too few pills rather than too many. Despite relatively better
cognitive and symptom profiles than patients with schizophrenia, performance on the
MMAA between the two groups did not differ. Among patients with bipolar disorder, the
most potent predictor of MMAA scores was, as hypothesized, cognitive impairment.
However, there were no other significant associations. The Memory subscale of the DRS
significantly predicted MMAA scores, but Initiation/Perseveration and Attention did not.
Future study will be needed to understand how specific cognitive abilities in bipolar disorder
map on to medication management. Our data suggests that interventions to enhance
medication adherence in later-life bipolar disorder may benefit from including compensatory
strategies (e.g., medication reminders and calendars) to counteract memory deficits.

There are a number of study limitations. The small sample size may have lacked power to
detect certain associations (e.g., age). The sample was also comprised of stably treated
bipolar I outpatients with mild levels of psychiatric symptoms. Research with more severely
ill patients would be needed to gauge the effect of symptoms of medication management
ability, and these results may not apply to other sub-groups of patients with bipolar disorder,
including bipolar disorder II or bipolar disorder NOS. We lacked a measure of manic
symptoms in this sample, such as the Young Mania Rating Scale(20), and cannot rule out
that manic symptoms impaired performance. However, none of the bipolar participants were
inpatients and their PANSS excitement scores were not elevated beyond that found in the
schizophrenia group as would be expected among people in manic states. We lacked a
measure of medication adherence in this sample, and therefore we cannot be certain that
MMAA performance correlates with real-world adherence to psychotropic or non-
psychotropic medications among people with bipolar disorder. However, the MMAA has
been previously associated with actual antipsychotic adherence as measured by pharmacy
record in a sample with schizophrenia(11).

Despite these limitations, our findings suggest several potentially important aspects of
medication management in later-life bipolar disorder. There were a large number of errors
by patients with bipolar disorder. Despite their relatively better cognitive and psychiatric
symptom severity profiles in this study compared to patients with schizophrenia, patients
with bipolar disorder showed a similar pattern of performance on the MMAA. The most
common type of error among bipolar patients (along with patients with schizophrenia) was
in taking too few medications. This study suggests that, despite somewhat better clinical
state among older patients with bipolar disorder, impairments in medication management
ability is similar between later life bipolar disorder and schizophrenia. This corresponds with
previous study by Bartels and colleagues, indicating a similar degree of impairment in
community living skills in patients with either bipolar disorder or schizophrenia, despite
some differences in symptoms (21).
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Our findings have potential implications for understanding unintentional non-adherence
among older patients with bipolar disorder. In mixed-age patients with bipolar disorder, the
rate of non-adherence is around 40 to 50%(22), but there may be better self-reported and
pharmacy record assessed adherence in older age groups (23). It may be that rates of
intentional non-adherence decrease with older age alongside greater insight and acceptance
of one’s diagnosis (24). However, our findings suggest that older adults may be at risk for
unintentional non-adherence due to diminished capacity to manage medications. Pharmacy
record measures of adherence may not detect these kinds of unintentional medication errors,
and patients may not be aware of difficulties in medication management on self-report
measures. Future research should examine correspondence between the MMAA and self-
report, pharmacy record, and pill count measures of actual adherence among older adults.

As with Jeste et al (13) in their sample of patients with schizophrenia, we found strong
association between the Dementia Rating Scale and MMAA scores. There is mounting
evidence that neuropsychological performance is impaired in bipolar disorder(6), longer
duration of illness may relate to worsening deficits (6), and substantial proportion of older
adults with bipolar disorder show signs of cognitive impairment (3). Contrary to our
hypotheses, the pattern of relationships between neurocognitive deficits and MMAA scores
appeared general rather than specific. Although the memory subscale had the highest
correlation with the MMAA, this relationship was not significantly stronger than that found
between any of the other DRS subscale scores.

In addition to our limited sample size, one reason to be cautious in overinterpreting the lack
of evidence of differential cognitive effects on medication management is the nature of the
DRS itself. The DRS is relatively simple and brief, and can be administered to patients with
a wide range of functioning. However, the DRS may be suboptimal as a means of
identifying the effects of different cognitive abilities on medication management. For
instance, prospective memory, or the ability to “remember to remember”(25), is a cognitive
domain that entails planning and metacognition, which are apart from the initiation/
perseveration subscale of the DRS, which taps into disinhibition-related aspects of executive
function. Future research with more sensitive neuropsychological instruments should
investigate which domains of cognitive functioning map on to the tasks involved in
medication management.

It was somewhat surprising that neither HAM-D nor BPRS scores correlated with MMAA
performance. Our sample had a relatively mild level of symptoms, but not all were
euthymic. It may be that medication management ability is more ‘trait-like’ in bipolar
disorder. There were no other significant relationships with the MMAA, although older age
approached significance. This may stem from the marked heterogeneity in later life bipolar
disorder, as the mean and standard deviation in the number of errors on the MMAA were
roughly equivalent.

The primary clinical implication is that, in addition to adherence, medication management
ability may be an important area to assess in later life bipolar patients. Given the high degree
of medical comorbidity among older patients with bipolar disorder(9) along with the
combination strategies used in treating bipolar illness, most people have a large number
medications. Clinicians may need to ask about how patients organize their medications, and
what sorts of strategies they use to stay adherent. The MMAA is a relatively brief (15
minute) measure of medication management ability that could be useful in a clinical setting.
Psychosocial interventions developed to enhance medication adherence in younger adults
with bipolar disorder are largely targeted toward enhancing motivation to take
medications(26). Adaptation of psychosocial intervention in later life bipolar disorder should
incorporate training in compensatory strategies to make medication taking more automatic –
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such as pill boxes, forming implementations intentions, and routinizing medication taking
through pairing with daily events. We have previously developed and evaluated such an
intervention in a pilot study, described elsewhere(27). Lastly, research on the optimal
treatment and clinical course of later life bipolar disorder is needed, particularly how
functional disability can be addressed in this often vulnerable group of patients.
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Figure 1.
Performance on the Medication Management Ability Assessment (MMAA) in NCs, Bipolar
Disorder, and Schizophrenia Groups
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