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Objective: To assess medication adherence and factors associated with poor adherence in youth with bipolar disorder followed from adolescence
through young adulthood.

Method: Participants with bipolar disorder recruited through the Course and Outcome of Bipolar Youth (COBY) study were included in this study if
they were prescribed psychotropic medications and had at least 3 follow-up assessments of medication adherence (N = 179, ages 12-36). Medication
adherence had been evaluated for a median of 8 years using a questionnaire derived from the Coronary Artery Risk Development in Young Adults
(CARDIA) study. For the longitudinal evaluation, adherence was measured as the percentage of follow-up assessments in which the participants did not
endorse any of the nonadherence items included in the questionnaire. Concurrent and future predictors of poor adherence were assessed using both
univariate and multivariate longitudinal analyses.

Results: Among the participants, 51% reported poor adherence in more than 50% of their follow-up assessments. Younger age, family conflicts,
polypharmacy, lower functioning, greater severity of mood symptoms, and comorbid disorders were associated with poor adherence in the univariate
analyses. In the multivariate analyses, comorbid attention-deficit/hyperactivity disorder was the single most influential factor associated with concurrent
and future poor adherence in all age groups. Participants’ most reported reasons for poor adherence were forgetfulness (56%), negative attitudes toward
medication treatment (10.5%), and disturbed daily routine (7%).

Conclusion: Poor medication adherence is a significant problem in youth with bipolar disorder, with the most influential factor being the presence of
comorbid attention-deficit/hyperactivity disorder. Thus, it is important to identify and appropriately treat comorbid attention-deficit/hyperactivity
disorder to improve medication adherence and prognosis of patients. Providers should also recommend tools to enhance consistent medication
intake and address patients’ concerns and negative beliefs about their illness and treatment.
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ipolar disorder (BD) affects 1% to 3% of the

world’s population and represents a major cause of

disability accounting for the loss of about 10

million disability-adjusted life-years."* BD is associated with
significant psychosocial impairment, recurrent hospitaliza-
tions, and a high risk for substance abuse and suicidal be-
haviors.> Up to 60% of individuals with BD report the onset
of symptoms during adolescence,” and early-onset BD is

found to be associated with a worse prognosis, higher rates of
comorbidities, and marked functional and social impairment,
indicating the need for early identification and treatment.>*
Several psychotropic medications are found to be
effective in the management of BD,”® but “drugs do not
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work in patients who do not take them” (C. Everett Koop,
US Surgeon General, 1985). The World Health Organi-
zation, recognizing the important role of medication
adherence in improving health care outcomes, has empha-
sized that “increasing the effectiveness of adherence in-
terventions may have a far greater impact on the health of
the population than any improvement in specific medical
treatment.” Poor medication adherence can be attributed
to a variety of causes including, among others, doubt about
the diagnosis and necessity of the treatment, the actual or
perceived role of side effects, fear of addiction to the
medication, economic barriers, lack of family support, and
peer pressure.9’10 In psychiatric disorders, lack of insight

www.jaacapopen.org 105


Delta:1_given name
https://orcid.org/0000-0001-5890-9143
Delta:1_surname
https://orcid.org/0000-0002-0637-0059
Delta:1_given name
https://orcid.org/0000-0002-4762-8060
Delta:1_surname
https://orcid.org/0000-0001-8312-3513
Delta:1_given name
https://orcid.org/0000-0003-0340-349X
Delta:1_surname
Delta:1_given name
https://orcid.org/0000-0002-9411-2059
Delta:1_surname
https://orcid.org/0000-0002-1348-0707
Delta:1_given name
https://orcid.org/0000-0003-1999-8096
Delta:1_surname
https://orcid.org/0000-0002-7194-1380
Delta:1_given name
https://orcid.org/0000-0001-5895-6572
Delta:1_surname
https://orcid.org/0000-0003-1335-8426
Delta:1_given name
https://orcid.org/0000-0002-8375-3213
Delta:1_surname
https://orcid.org/0000-0001-9970-235X
Delta:1_given name
Delta:1_surname
https://orcid.org/0000-0001-9299-6519
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaacop.2023.06.001&domain=pdf
http://www.jaacapopen.org

ELHOSARY et al.

about the illness and depressive symptoms such as hope-
lessness, social isolation, and lack of motivation also play an
important role in poor adherence.'®'!

In fact, poor medication adherence is common in pa-
tients with psychiatric disorders, including BD. A recent
meta-analysis found that nearly half of adults with BD fail
to adhere to the prescribed medication regimen.'* Youth
with BD also have low medication adherence rates, an issue
that has been addressed in several studies.'® For example, in
a 3-month naturalistic study of adherence in adolescents
with BD, patients were found to take less than 60% of doses
as prescribed, based on objective data obtained from an
electronic pillbox."* Such poor adherence rates are found to
be a leading cause of treatment failure, frequent relapses,
recurrent hospitalizations, higher health care costs, and
worse outcomes.' >/

However, no prior study has followed youth with BD
longitudinally for a long time to assess how their trajectories
of adherence change over time, through the transition from
adolescence to adulthood. Such a study is warranted given
that medication adherence is a dynamic process, and it is
critical to understand how the patient’s behavior and atti-
tude change over time and the course of the illness.'®
Additionally, adolescence is associated with significant
developmental and social changes, and the transition into
adulthood is associated with increased independence and
autonomy, which can impact medication adherence in this
specific age group.”' To our knowledge, this is the first
study to assess medication adherence prospectively, over a
median of 8 years, in a large sample of youth with BD
through the transition to adulthood and examine the con-
current and future predictors of poor adherence, using both
univariate and multivariate longitudinal analyses.

METHOD
Participants
Participants for the current study were recruited through the
parent Course and Outcome of Bipolar Youth (COBY)
study, a multisite (University of Pittsburgh Medical Center,
University of California Los Angeles, and Brown Univer-
sity) longitudinal study of 413 youth (7-17 years old at
intake) with a DSM-IV* diagnosis of BD-I, BD-II, or
research operationalized criteria for BD not otherwise
specified (BD-NOS).>"** Participants with schizophrenia,
intellectual disability, autism, or mood disorders secondary
to medical conditions or substance abuse were excluded
from the parent study.

For this longitudinal study, we included only partici-
pants who were prescribed psychotropic medications and
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had at least 3 assessments of adherence after the introduc-
tion of the adherence assessment scale (Supplement 1,
available online) into the COBY study. Of excluded par-
ticipants, 159 were excluded because they did not receive
treatment with psychotropic medications during the period
of this study, and 75 were excluded because they had fewer
than 3 assessments of adherence. Excluded participants were
more likely to be male, to be non-White, and to have less
history of suicidal ideation, psychosis, and anxiety disorders.
There were no significant differences in the severity of mood
symptoms or rates of comorbid substance use disorder
(SUD), disruptive behavior disorders (DBDs) (incorpo-
rating oppositional defiant disorder and/or conduct disor-
der), or attention-deficit/hyperactivity disorder (ADHD).
The institutional review board at each site approved the
study, and informed consent or assent was obtained from
participating youth and their parent or primary caretakers.

Measures
The methods of the COBY study have been previously
described in the literature.”"** Briefly, at intake, partici-
pants were evaluated for psychiatric disorders using the
Schedule for Affective Disorders and Schizophrenia for
School-Age Children—Present and Lifetime Version (K-
SADS-PL).*® The severity of mood symptoms was ascer-
tained using the K-SADS Mania Rating Scale (MRS) and
Depression Rating Scale (DRS),?* and the severity of anx-
iety symptoms was assessed using the Screen for Child
Anxiety Related Emotional Disorders (SCARED).”> The
Longitudinal Interval Follow-up Evaluation (LIFE) and the
psychiatric status ratings of LIFE were used to assess the
week-by-week longitudinal changes in psychiatric symp-
toms as well as pharmacological treatment.®*® General
functioning was assessed using the Children’s Global
Assessment Scale (CGAS)?” and the Global Assessment of
Functioning (GAF) scale.”® Family psychiatric history was
assessed using a modified version of the Family History
Screen.?® Family functioning was evaluated using the child
and parent versions of the Conflict Behavior Questionnaire
(CBQ) and the Family Adaptability and Cohesion Evalua-
tion Scale II (FACES II).?**° Socioeconomic status (SES)
was determined using the Hollingshead 4-factor index.”!
Longitudinal adherence to prescribed medications was
measured via the Coronary Artery Risk Development in
Young Adults (CARDIA) Psychotropic Medication Adher-
ence Questionnaire (Supplement 1, available online).*>?
After the introduction of the questionnaire to the COBY
protocol in May 2011, adherence was measured at every
follow-up assessment over a median of 8 years. The CAR-
DIA adherence questionnaire included 4 questions to screen
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for medication adherence that were derived from the widely
used Morisky, Green, and Levine Medication Adherence
Questionnaire (MAQ).** These questions, with “yes” or
“no” responses, included the following:

1. Do you ever forget to take your medications?

2. Are you ever careless in taking your medications?

3. Do you ever miss taking your medications when you are
feeling better?

4. Do you ever miss taking any of your medications because
you are feeling sick?

In keeping with the literature, poor adherence was
defined as the endorsement of at least one nonadherence
item in the MAQ.?” Thereafter, for the purpose of a lon-
gitudinal evaluation of the participants’ adherence, adher-
ence was measured as the percentage of follow-up
assessments in which the participants did not endorse any of
the 4 nonadherence items in the MAQ. Participants were
considered to have a consistent good adherence if they were
adherent in >75% of their assessments during the follow-
up period.’> The questions of the MAQ are designed to
facilitate disclosure of poor adherence. The MAQ has
shown adequate psychometric properties and has been
validated when compared with objective measures of
medication adherence in a variety of psychiatric disorders
and other medical conditions, particularly at a threshold
score of >1.2%%¢ The MAQ has shown sensitivity values
between 72% and 84% in detecting poor adherence in
psychiatric patients.”

In addition to the above-mentioned screening questions
derived from the MAQ), the CARDIA adherence question-
naire added contextual information about the participant’s
adherence. The questionnaire assessed the date of the last
missed/skipped dose, the main reported reason for medica-
tion nonadherence, the usual method(s) of remembering to
take medications, and who pays for the medications.

Statistical Analysis

First, we evaluated the overall rate of poor adherence across
all the assessments performed during the length of the
study. Then, the associations between potential predictor
variables, chosen based on the literature and data available
in COBY, and the concurrent probability of poor adherence
(dichotomously defined as the endorsement of at least one
nonadherence item) were tested using mixed logistic
regression models fitting a random intercept to account for
within-subject correlation across repeated measures (esti-
mating standardized odds ratios [OR] for continuous pre-
dictor effects). All models covaried for the number of
prescribed medications to account for possible confounding
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effects of this factor. We further tested interactions between
each hypothesized predictor and age to account for possible
moderation effects. To test lagged effects, we fit mixed lo-
gistic regression models of poor adherence odds on predictor
values from the previous assessment (approximately 7
months prior). To ensure the temporal directionality of lag-
regression effects, we also reran models to test the effects of
lagged poor adherence on future symptoms. Post hoc
sensitivity analyses reran the models described above
adjusting the poor adherence threshold to require more
endorsed nonadherence items.

To identify the strongest predictors of poor adherence,
we used the least absolute shrinkage and selection operator
(LASSO),?” a modified form of generalized linear regression
that penalizes overfit models via a regularization parameter
that proportionally shrinks predictor coefficients toward
zero. Predictor selection is implicitly performed as less
important predictor coefficients are shrunken to zero
without the potential biases of other variable selection
techniques such as multiple comparisons and collinearity
between predictor variables. We fit separate LASSOs to test
concurrent and lagged predictor effects (including all
possible age interactions), and we also reran LASSO analyses
differentially on adolescent and adult subsamples (ages <18
vs >18, allowing crossover cases to contribute observations
to both subgroups) to identify differences in results between
the 2 age groups as well as account for potential differences
in some variable definitions in adulthood vs adolescence (eg,
socioeconomic status).

RESULTS

Participants

In this study, 179 participants (52.5% females, 86.6%
White, mean [SD] SES = 3.4 [1.2]) who met the inclusion
criteria described earlier were included (Table 1). These
participants had more severe mood symptoms and higher
rates of comorbidities than the other COBY participants
who did not meet the inclusion criteria. Among the par-
ticipants, 135 (75%) were diagnosed with BD-I, 23 (13%)
were diagnosed with BD-II, and 21 (12%) were diagnosed
with BD-NOS, as of the last follow-up assessment. Mean
(SD) age at BD onset was 9.2 [4.1] years, and the most
common comorbidities were anxiety disorders (73%),
ADHD (65%), DBDs (52%), and SUD (38%).

During the study, 1,246 assessments were performed
with a median of 7 assessments per participant (range, 3-14)
and a median duration of 7 months between the assess-
ments. Through the follow-up period, the age range was 12
to 36 years old with a median age of 23.2 years old.
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TABLE 1 Demographic and Clinical Characteristics (N = 179 Participants)

Demographic variables

Age,y
Mean (SD)
23.2 (5.1
Median
23.2
Range
12.2-36.6
%
Female sex 525
White race 86.6
Hispanic ethnicity 7.8
Living with both biological parents 47.5
Mean (SD)
SES?® 34 (1.2)
Clinical variables
%
BD-I 75.4
BD-II 12.8
BD-NOS 1.7
Mean (SD)
Age of mood disorder onset 9.2 @.1)
%
Anxiety disorders 73.2
ADHD 65.4
DBDs 52.0
SUD 38.0
Mean (SD)
Intake CGAS 541 (12.3)
Intake Depression Rating Scale 15.4 (10.8)
Intake Mania Rating Scale 233 (12.3)
Psychotropic medications
Number of medications
Mean (SD)
2.2 (1.2
Median
2.0
%
Antipsychotics 87.7
Antidepressants 77.7
Anticonvulsants 777
Stimulants 65.4
Lithium 54.2
Other medications? 60.9

Note: Disorder diagnosis rates reflect lifetime status, and medication rates reflect rates of any use over follow-up. ADHD = attention-deficit/
hyperactivity disorder; BD = bipolar disorder; DBDs = disruptive behavior disorders; NOS = not otherwise specified; SES = socioeconomic status;
SUD = substance use disorder.

?SES score 1-2 indicates low socioeconomic status, 3-4 indicates moderate socioeconomic status, and 5 indicates high socioeconomic status.
bOther medications include all other psychotropic medications such as atomoxetine, a-2 agonists, and benzodiazepines.
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Over the follow-up period, the participants were pre-
scribed on average 2 psychotropic medications. The most
frequently prescribed medications were antipsychotics (88%)
followed by antidepressants (78%), anticonvulsants (78%),
stimulants (65%), and lithium (54%). Through the follow-
up period, 74% of participants were covered by private
health insurance, 58% were covered by Medicaid, and 28%
were covered by Medicare. Additionally, 49% of participants
reported paying for the medication themselves, and a family
member paid for medications for 35% of participants.

Prevalence of Poor Adherence

During the length of the study, poor medication adherence
was reported in 56% of all assessments (Table 2). Also,
participants reported missed or skipped doses during the last
2 weeks before the assessment in 37% of assessments. Only
17% (30/179) of the participants were found to have
consistent good adherence (adherence >75% of the as-
sessments) during the follow-up period. Moreover, among
the 149 participants with inconsistent adherence, 92 (51%
of all participants) reported poor adherence in >50% of
their assessments.

Reported Reasons for Poor Adherence

Among all the reported reasons for poor adherence, the
most frequent reason was forgetting (56%), followed by
changes in daily routine (7%), not wanting to be on
medication (6.5%), being busy with other things (4%), side
effects of the medication (4%), the belief that they do not
need medication (4%), problems with refill (3.5%), and
being away from home (3%). Each of the other reasons
included in the questionnaire was reported in less than 2%
of the assessments (Table 2).

How Participants Remembered to Take Their
Medications

Most participants relied only on their memory (65%) to
take their medications, followed by relying on a friend or
family member (27%), using a pillbox (13%), using an
alarm (7%), having symptoms (5%), and using a calendar or
diary (1%) (Table 2). Participants endorsed multiple re-
sponses, so the percentages did not add up to 100%.

Factors Associated With Poor Adherence

Mixed Logistic Regressions. In general, poor adherence
was associated with a higher number of prescribed medi-
cations (OR = 1.26, 95% CI 1.05-1.50, p = .01), but not
the class of medications (Table 3) (the result is nearly
identical when controlling for age). After controlling for the
number of prescribed medications, younger age was signif-
icantly associated with poor adherence (OR = 0.72, 95%
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TABLE 2 Medication Adherence Questions (N = 179
Participants)

Nonadherence over follow-up %

Do you ever forget to take your medications? 44.0

Are you ever careless in taking your medications? 125

Do you ever miss taking your medications when you 12.1
are feeling better?

Do you ever miss taking your medications because you 8.3
are feeling sick?

Assessments with any poor adherence 55.9

Reasons reported for skipping doses

Forgot 56.1
Changes in daily routine 7.1
Do not want to be on medication 6.5
Side effects 4.0
Were busy with other things 3.9
Do not need them 3.6
Unable to refill 35
Were away from home 2.8
Feel better 1.6
Feel sick with medication 1.3

How do you usually remember to take your
medications?

Memory only 65.3
Friend/family member 27.4
Pillbox 13.1
Alarm 7.4
Pain or other symptoms 4.7
Calendar/diary 0.8
Who pays for your medication?

Private health insurance 74.3
Medicaid 58.1
Participant 48.6
Family member 35.2
Medicare 28.5
Friend 0.0

When was the last time you missed or skipped
any of your medications?

Within the past week 20.2
1 to 2 weeks ago 16.9
3 to 4 weeks ago 93
More than a month ago 16.8
Never missed a dose 36.8

Note: All other reasons (listed in Supplement 1, available online) that
were reported in less than 1% of the assessments are not included in
this table.

CI 0.60-0.86, p = .0002) with most improvement in
adherence occurring during the transition from adolescence
into adulthood. More precisely, the estimated adherence
probability at the mean assessment age (23.2) was 44% and
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TABLE 3 Tests of Association With Probability of Poor Adherence (N=179)

Variable Odds ratio (95% CI) P
Number of prescribed medications® 1.26 (1.05, 1.50) .0118
Age, continuous 0.72 (0.60, 0.86) .0002
Adulthood vs adolescence 0.59 (0.41, 0.85) .0041
SES 0.98 (0.84, 1.14) .7098
Body mass index 0.82 (0.60, 1.14) 2400
Living with both parents 0.83 (0.55, 1.26) 3770
Female sex 0.78 (0.50, 1.21) 2740
White race 1.17 (0.61, 2.24) .6690
Living independently after age 18 1.44 (1.27, 1.63) .0031
Family psychiatric history
Depression 0.98 (0.51, 1.90) .9652
BD 0.76 (0.49, 1.19) 2217
ADHD 117 (0.76, 1.81) 4773
CD 1.33 (0.85, 2.08) 2123
Schizophrenia 0.74 0.31, 1.76) 4929
Psychosis 0.98 (0.55, 1.72) .9306
Anxiety 0.69 0.42, 1.14) 1484
SUD 0.74 (0.46, 1.18) .2060
Suicidality 0.95 (0.62, 1.46) .8186
Mood disorder onset age 0.82 (0.66, 1.02) .0738
BD-I/1l vs BD-NOS 0.80 (0.39, 1.62) .5068
DRS 1.21 (1.03, 1.42) .0222
MRS 1.17 (1.01, 1.35) .0397
CGAS 0.83 (0.70, 0.99) .0331
SCARED Child version 1.06 (0.82, 1.36) 6675
SCARED Parent version 1.15 (0.88, 1.50) 3183
BCS 1.07 (0.84, 1.37) .5888
PSRs
Euthymia 0.80 (0.53, 1.20) 2757
Threshold MDE 1.32 (0.93, 1.87) 1298
Subthreshold or worse MDE 1.18 (0.85, 1.64) 3109
Threshold hypo/mania 1.22 (0.70, 2.14) 4373
Subthreshold or worse hypo/mania 1.64 (1.15, 2.34) .0051
Anxiety 1.18 (0.81, 1.72) .3831
ADHD 1.90 (1.30, 2.77) .0008
DBDs 1.54 (1.02, 2.33) .0341
SUD 1.04 (0.64, 1.71) 8736
FACES Il
Cohesion, parent 0.92 (0.62, 1.37) 6790
Adaptability, parent 0.92 (0.62, 1.36) .6801
Cohesion, child 0.95 (0.66, 1.36) 7767
Adaptability, child 0.72 (0.50, 1.04) .0793
CBQ
Parent 1.35 (1.03, 1.78) .0305
Child about mother 112 (0.91, 1.38) 2823
Child about father 1.03 (0.82, 1.30) 7926

Note: Boldface type indicates significant associations (p < .05). ADHD = attention-deficit/hyperactivity disorder; BD = bipolar disorder; CBQ =
Conflict Behavior Questionnaire; CD = conduct disorder; CGAS = Children’s Global Assessment Scale; DBDs = disruptive behavior disorders; DRS =
K-SADS Depression Rating Scale; FACES Il = Family Adaptability and Cohesion Evaluation Scale Il; MDE = manic/depressive episode; MRS = K-SADS
Mania Rating Scale; NOS = not otherwise specified; PSRs = psychiatric status ratings; SCARED = Screen for Child Anxiety Related Emotional Dis-
orders; SES = socioeconomic status; SUD = substance use disorder.

?All models except number of prescribed medications covary for the number of prescribed medications.
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FIGURE 1 Medication Adherence and Attention-Deficit/Hyperactivity Disorder (ADHD) Symptoms by Age in Participants With

ADHD

Participants with ADHD (n=117)

Probability

Age

Medication Adherence

— — ~ Threshold ADHD Symptoms |

ranged from 36% at 1 SD below the mean age (18.1) to
52% at 1 SD above the mean age (28.3). Further, partici-
pants in young adulthood (>18 years) had about half the
odds of reporting poor adherence compared with adoles-
cents (OR = 0.59, 95% CI 0.41-0.85, p = .004), and the
average adherence rates improved by 21% when the same
participants aged into adulthood (# = 2.36, df = 064,
p = .02). Increased family conflicts as reported by parents
(but not by the child) were also associated with less
adherence (OR = 1.35, 95% CI 1.03-1.78, p = .03).
Further, living independently after age 18 was associated
with less adherence (OR = 1.44, 95% CI 1.27-1.63,
p = .003). Meanwhile, there were no effects of sex, race,
SES, body mass index, family functioning, or family psy-
chiatric history, including parental psychopathology, on the
rates of adherence (all ps > .05). Controlling for the
number of prescribed medications, poor adherence was
found to be significantly associated with more severe
symptoms of depression (DRS) (OR = 1.21, 95% CI 1.03-
1.42, p = .02) and mania (MRS) (OR = 1.17, 95% CI
1.01-1.35, p = .04), the presence of subthreshold hypo/
mania (LIFE) (OR = 1.64, 95% CI 1.15-2.34, p = .005),
DBD (OR = 1.54, 95% CI 1.02-2.33, p = .03) and
ADHD (OR = 1.90, 95% CI 1.30-2.77, p = .0008)
symptoms, and lower overall functioning (CGAS) (OR =
0.83, 95% CI 0.70-0.99, p = .03). There were no signifi-
cant associations between the age of mood disorder onset or
BD subtype and medication adherence.

Analyses were also performed to evaluate the de-
mographic and clinical factors that predicted poor adher-
ence at the next assessment. The only significant,
unmoderated, predictive factor of future poor adherence
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was the presence of ADHD symptoms (OR = 1.73, 95%
CI 1.19-2.52, p = .004). Meanwhile, child-reported anxiety
symptoms (SCARED) predicted future poor adherence in
adolescents (OR = 1.51, 95% CI 1.10-2.06, p = .01), but
not in young adults. Rerunning lag-regression models to test
the effects of lagged adherence on future symptoms found
no significant reverse effects.

LASSO Analyses. After fitting LASSOs to model both
concurrent associations with and lagged predictors of poor
adherence, the only factor selected was ADHD symptoms.
After noting the age effect described above and to assess the
effects of the transition from adolescence to adulthood, we
repeated LASSO analyses separately on the adolescent and
adult subsamples. Results indicated that the most influential
concurrent correlates of poor adherence during adolescence
were younger age and symptoms of anxiety and ADHD, and
the most influential lagged predictor of poor adherence was
ADHD symptoms. Meanwhile, the most influential con-
current correlates of poor adherence during adulthood were
lower SES, living independenty, and ADHD symptoms; no
predictors were selected in the lag regression model.

Supplemental Analyses. As ADHD was the strongest fac-
tor associated with both concurrent and future poor
adherence, we conducted a sensitivity analysis using a more
conservative cutoff to define poor adherence, increasing the
poor adherence threshold to require at least 2 endorsed
items on the MAQ), rather than only one. Implementing
this adjustment effectively yielded no changes to the
ADHD findings described above. Further, we found that
participants with a lifetime ADHD diagnosis had more than
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twice the odds of reporting 3 or more nonadherence items
(OR =2.28,95% CI 1.15-4.50, p = .018), and if they had
current threshold ADHD symptoms, their odds were even
worse (OR = 2.67, 95% CI 1.54-4.65, p = .0005).

As adolescents were found to have significantly lower
rates of adherence compared with young adults, we also
performed further post hoc analyses to identify factors
associated with the improvement of adherence with
increasing age. The improvement could not be explained by
the presence of a secondary informer (OR = 0.86, 95% CI
0.58-1.30, p = .1), dropout rates over time, or the course of
BD. Further, living independently was associated with
greater odds of poor adherence when participants aged into
adulthood. However, comparing adherence trends in the
subsamples with comorbid ADHD (n = 117) and without
ADHD (n = 62) showed that the association between
younger age and poor adherence was highly significant in
the subsample with ADHD (OR = 0.57, 95% CI 0.45-
0.73, p < .0001) and nonsignificant in the subsample
without ADHD (OR = 1.08, 95% CI 0.80-1.47, p = .6).
Additionally, in the subsample with ADHD, the ADHD
symptoms precipitously declined with age and this decline
was accompanied by a marked decrease in the concurrent
(OR = 0.60, 95% CI 0.39-0.93, p = .02) and lagged
(OR = 0.65, 95% CI 0.42-0.99, p = .045) odds of poor
adherence (Figure 1). Moreover, the results of clinical as-
sociations obtained after adjustment to age were replicated
after adjustment to both age and ADHD. Hence, the effect
of ADHD explains the effect of age on the improvement of
adherence, and this finding was independent of the other
significant clinical associations.

Lastly, as there was possible collinearity between the
number of prescribed medications and the various predictors
tested in this study (eg, symptom severity, comorbidities), we
reran all models without covarying for the number of pre-
scribed medications to assess whether results changed. There
were no significant changes to the results or any effect sizes.

DISCUSSION

This longitudinal study offers additional evidence of the
alarming rates of poor psychotropic medication adherence
among adolescents and young adults with BD. Also, it
highlights the role of comorbid ADHD and changes in
adherence determinants through the transition from
adolescence into adulthood.

Poor adherence was reported in 56% of all assessments
over the course of the study. Only 1 out of 6 participants
reported consistent good adherence in more than 75% of
their follow-up evaluations, while half of the sample re-
ported poor adherence in more than 50% of their follow-up
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evaluations. Most of the participants relied only on memory
to take their medications. Thus, it was not surprising that
their main reported reason for poor adherence was forget-
fulness. In addition, they reported that changes in their
daily routines (eg, being away from home) and negative
attitudes toward medication treatment also influenced their
adherence.

In the univariate analyses, several factors were associated
with poor medication adherence, including younger age;
polypharmacy; lower functioning; greater severity of mood
symptoms; comorbid ADHD, DBD, and anxiety disorders;
and family conflicts. However, in the multivariate analyses,
using LASSOs, only comorbid ADHD was found to be
associated with concurrent and future poor adherence in all
age groups. Moreover, using a stricter definition of poor
adherence showed an even stronger association between
ADHD and poor adherence.

Considering the findings relating age effects and to assess
the influence of the transition from adolescence to adulthood,
a multivariate analysis separating adolescents and young adults
was performed. This analysis showed that younger age, anx-
iety disorders, and ADHD were the most influential factors
associated with poor adherence during adolescence. Mean-
while, during young adulthood, poor adherence was associ-
ated with lower SES, living independently, and ADHD.

The rates of poor adherence in our sample are com-
parable with other studies on medication adherence in
adults and youth with BD. However, there is wide vari-
ability in the reported rates of poor adherence in the liter-
ature  (20%-66%).'"'> These inconsistencies could be
explained by the methodological differences among the
studies, including the study design (ie, cross-sectional or
longitudinal), the use of different measures and definitions
of adherence, the age and size of the sample, and the
duration of follow-up.'” For example, a 12-month pro-
spective cohort study in adolescents with BD after hospi-
talization reported that nearly 65% of the patients were
partially adherent or nonadherent."” Also, in 2 large 1-year
longitudinal studies in adult patients with BD, partial
adherence or nonadherence was identified in nearly 50% of
the patients.”®*” In contrast, in a large 6-year longitudinal
study that included both adolescents and adults with BD,
only 24% of the participants were found to be nonadherent
in 20% of their visits." However, the authors reported
lower rates of adherence among younger participants and
participants with early-onset BD.*°

The rates of poor adherence found in our study are also
consistent with the rates reported in longitudinal studies for
other psychiatric disorders. For example, a 2-year longitu-
dinal study on adherence to medications in adults with

unipolar depression that also used the MAQ scale found
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that 69% of patients were consistently or intermittently
nonadherent throughout the follow-up period.*' Addi-
tionally, a 16-year longitudinal study of individuals with
ADHD from childhood to adulthood found that about
66% of the patients had inconsistent adherence patterns,
25% had negligible adherence, and less than 10% had
consistent medication adherence.*?

The factors associated with poor adherence in our
univariate analyses were similar to most of the longitudinal
studies of youth with BD, including the severity of illness,
the number of doses, and comorbid ADHD.!*'>!® Com-
parable findings were reported in adults with BD, with a
general agreement between the studies on the significant
effect of severity of illness and the presence of comorbid
disorders, but there were disparate findings regarding the
demographic factors (eg, age, sex, and SES).!! Moreover, a
systematic review and meta-analysis of 28 studies on
medication adherence in children and adolescents with a
variety of psychiatric disorders, of which 8 included BD,
concluded that demographic factors and medication classes
were less predictive of adherence, while the severity of illness
and comorbidities such as ADHD and SUD were signifi-
cantly associated with poor medication adherence.*?

Surprisingly, we did not find an effect of SUD. How-
ever, most of the studies on adherence in youth with BD
did not report such a correlation, and only one longitudinal
study reported that poor adherence was associated specif-
ically with alcohol use.'” In contrast, comorbid SUD was
found to be significantly associated with poor medication
adherence in the literature on BD in adults."'

Across all ages, univariate and multivariate analyses
showed that ADHD was the most influential factor associ-
ated with both concurrent and future poor adherence in our
study, and improvement in ADHD resulted in better
adherence to medications. Another longitudinal study in
adolescents with BD also found that ADHD was the main
factor associated with poor adherence (F = 9.7, df = 1.70,
p=.003),"” and the meta-analysis on adherence across youth
with several psychiatric disorders, noted above, also showed
the substantial negative effects of ADHD on adherence
(pooled OR = 0.61, 95% CI 0.41—0.91).43 However, it is
important to note that not all adherence studies in youth
with BD have found this association.'*** Meanwhile, large
and longitudinal studies, in which ADHD was the primary
disorder of the investigation, have shown remarkably low
rates of adherence to medications, especially among
adolescents. ***°

Consistent with the above ADHD findings, we found
that most participants reported forgetfulness as the most
important reason for poor adherence, and the vast majority
relied only on memory to take their medications.
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Impairment of cognitive and executive functions, such as
planning and organization, has been reported to be a leading
cause of poor adherence in patients with BD, as it prevents
the patients from following a routine of regular medication
intake."" This is even more relevant in patients with co-
morbid ADHD, who often experience marked forgetfulness,
distractibility, and impaired attention and organization.*’
This could be worsened by the lack of supervision and so-
cial support when adolescents transition into adulthood and
live independently as reported in this study.

Consistent with the literature, we found that partici-
pants’ negative beliefs about medications and their illnesses
also affected their adherence to treatment.''* The studies
on adherence in BD and other psychiatric disorders show a
significant correlation between stronger beliefs about the
necessity of the prescribed medication and good adherence
and between greater concerns about the risks of dependence
or side effects of the medication and poor adherence.*®*”

To improve outcomes of BD treatment, interventions
should address barriers to medication adherence, especially
forgetfulness and patients’ negative attitudes toward medica-
tion treatment. Routine intake of medications can be
encouraged by using tools such as pill boxes, alarms, and cal-
endars. Mobile applications have particularly shown prom-
ising results in improving medication adherence in patients
with medical and psychiatric illnesses. *® Also, it is important to
build a therapeutic alliance with patients; address their and
their families’ beliefs and concerns; and educate them about
their illness, treatment, and the need for good adherence.

The results presented above need to be taken consid-
ering the following limitations. An interview that included a
patient-report scale was used to assess adherence to psy-
chotropic medications in our sample. Although the assess-
ment was done longitudinally, it is still subject to recall bias.
Moreover, despite that we interviewed participants for
adherence to medications, the nature of the patient-report
scale used may yield underestimates or, more commonly,
overestimates of participants’ adherence.”'** However,
patient-report adherence scales are cheap, noninvasive,
time-efficient, and easy to administer making them more
suitable for routine clinical use than blood tests and other
objective measures such as pill count and electronic moni-
toring devices that have their own problems; none of these
are regarded as a gold standard tool.>>° Additionally, the
generalizability of the observations obtained from a sub-
sample of the COBY study to other populations is arguable
because most participants were White, and they were
recruited primarily from outpatient settings.

In conclusion, this study prospectively assessed medi-
cation adherence in youth with BD followed from adoles-
cence through adulthood, with a much longer follow-up
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time than most of the other studies. Half of the adolescents
and young adults with BD showed significantly poor
medication adherence, and only a small minority showed
consistent good adherence. The presence of comorbid
ADHD was the most influential factor associated with poor
adherence, indicating the importance of prompt recognition
and treatment of this comorbidity. Moreover, interventions
should also include tools to reduce forgetfulness and
enhance the routine intake of medications, such as phone
applications, alarms, and pill boxes. Additionally, building a
therapeutic alliance with the patients and addressing their
and their families’ beliefs and concerns are crucial to
improving treatment adherence and outcome.
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