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Abstract

Objective—Psychopharmacology remains the foundation of treatment for bipolar disorder, but

medication adherence in this population is low (Range = 20% to 64%). We examined medication

adherence in a multi-site, comparative effectiveness study of lithium.

Method—The Lithium Moderate Dose Use Study (LiTMUS) was a six-month, six-site,

randomized effectiveness trial of adjunctive moderate dose lithium therapy compared to optimized

treatment in adult outpatients with bipolar I or II disorder (N=283). Medication adherence was

measured at each study visit with the Tablet Routine Questionnaire.

Results—We found that 4.50% of participants reported missing at least 30% of their medications

in the past week at baseline and non-adherence remained low throughout the trial (< 7%). Poor

medication adherence was associated with more manic symptoms and side effects as well as lower

lithium serum levels at mid- and post-treatment, but not with poor quality of life, overall severity

of illness, or depressive symptoms.
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Conclusion—Participants in LiTMUS were highly adherent with taking their medications. The

lack of association with possible predictors of adherence, such as depression and quality of life,

could be explained by the limited variance or other factors as well as by not using an objective

measure of adherence.
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Introduction

Psychopharmacology is the foundation of acute and maintenance treatment for bipolar

disorder. However, despite advances in the understanding and availability of effective

pharmacological treatments, the pattern of low adherence rates presents an obstacle in the

effective study and treatment of bipolar disorder (1). For example, poor medication

adherence was the primary reason for early termination among bipolar patients randomized

to 6 months of lithium monotherapy or lithium and divalproex combination treatment (2).

Specifically, of the 149 patients enrolled into the open-label acute stabilization phase, 42%

discontinued prematurely due to poor adherence. Poor adherence to medication also has an

impact on both clinical and safety outcomes of bipolar patients, including an increased risk

of episode relapse, suicide risk, and hospital re-admission (3–11).

Nonadherence rates to medications in patients with bipolar disorder ranges from 20% to

64% in the literature (6, 7, 12–16), with a median prevalence rate reported as 45% for long-

term prophylactic pharmacotherapy (12, 17). In randomized clinical trials of bipolar

disorder, nonadherence rates are 20 to 35% (4, 16, 17). These adherence rates may range due

to the inconsistent manner in which adherence is measured, reported, and defined in the

literature. Adherence was once conceptualized as an “all or none” phenomenon, it is more

recently understood as a behavioral continuum such that patients can be “partially” adherent.

For example, when medication adherence was assessed by using the medication possession

ratio (MPR), bipolar patients were categorized into three groups: fully adherent (MPR

greater than .80), partially adherent (MPR from more than .50 to .80), and nonadherent

(MPR less than or equal to .50). Based on this definition, 24.5% were considered partially

adherent and 21.4% were nonadherent (6). Partial adherence is often the result of patients’

own decisions to modify their treatment regimen by taking a lower dosage, sporadically

starting and restarting their medications, or discontinuing one of their prescriptions, rather

than completely abandoning treatment (5, 18, 19).

Adherence rates also may range due to many clinical and demographic factors. Several

predictors of medication non-adherence have been identified, but some have been more

consistently associated with higher rates of non-adherence among individuals with bipolar

disorder, such as, comorbid substance abuse (6, 7, 20, 21). Also, individuals with bipolar

disorder who are younger, single or living alone, and have an earlier age of bipolar onset

may be more likely to be non-adherent (5, 6, 20, 22). Other findings that are less clearly

demonstrated as risk factors of poor adherence include prior suicide attempts, current
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anxiety disorder, rapid cycling, non-Caucasian ethnicity, limited clinician or family support,

side-effects, and homelessness (7, 9, 14, 20, 22).

Aims of the study

The aim of the current study was to assess medication adherence in a comparative

effectiveness trial, or generalizable sample of bipolar disorder. We expected that participants

would demonstrate adherence rates typically observed in pharmacotherapy studies (i.e., 40–

50%) and that lower adherence rates would be associated with bipolar symptoms and worse

functioning.

Material and methods

Overview of Study

LiTMUS was a six-month, six-site, parallel-group, randomized effectiveness trial examining

the effectiveness of lithium plus optimized treatment (OPT) versus OPT alone (i.e., without

lithium). OPT was openly administered, guideline-informed (23), empirically supported, and

personalized pharmacologic treatment based on current symptoms, prior treatment history,

and course of disorder. Thus, there were no specific restrictions on medications used in OPT

and all participants received OPT, but only those randomized to lithium plus OPT group

were allowed lithium as part of their OPT regime. The primary aims of LiTMUS were that

participants randomized to Li+OPT, compared to those treated with OPT but without

lithium would: 1) experience greater improvement in clinical state (as measured by the

Clinical Global Impression for Bipolar Disorder Severity scale (CGI-BP-S) and; 2) require

fewer major changes in their treatment over the study duration. Changes in treatment were

defined as Necessary Clinical Adjustments (NCAs), or medication adjustments to optimize

response and functioning, or to address intolerable side effects.

Medication adherence was determined by missing no more than 30% of all psychotropic

medications (i.e., lithium and OPT medications) at weeks 0, 12, and 24 of the study.

Clinicians and participants knew the treatment assignments (i.e., lithium plus OPT versus

OPT alone), but raters of the study outcomes were blinded. The rationale, design, and

methods have been detailed elsewhere (24). This study was approved by the Internal Review

Boards at the each of the six study sites.

Participants

Participants (N=283) were included in the LiTMUS study if they: 1) Met DSM-IV Criteria

for Bipolar Disorder (Type I or II); 2) Able to give informed consent; 3) Age ≥ 18 years; 4)

Women who are of child bearing potential must agree to inform their doctor at the earliest

possible time of their plans to conceive as well as to use adequate contraception; 5)

Currently symptomatic (i.e., CGI-BP-S ≥ 3); 6) Off of lithium for at least 30 days. The final

sample (N=200) included only people who had no missing data.

Participants were excluded if they were: 1) Unwilling/unable to comply with study

requirements; 2) Renal impairment (serum creatinine >1.5 mg/dL); 3) Thyroid stimulating

hormone over >20% above the upper normal limit; 4) Other contraindication to lithium; 5)
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Currently in crisis such that other crisis management should take priority; 6) In need of acute

detoxification; 7) Pregnant or breastfeeding; 8) Women of child-bearing potential who are

not able to agree to the requirements specified above; 9) Currently prescribed lithium within

the past 30 days; 10) Participated in a clinical trial of an investigational drug in past month;

11) Inability to agree to comply with the study procedures; 12) History of lithium toxicity,

not due to mismanagement or overdose that required treatment.

Measures

Diagnoses were confirmed with a clinician administered Extended Mini-International

Neuropsychiatric Interview, a validated structured diagnostic interview to determine current

and lifetime Diagnostic and Statistical Manual-Version IV diagnoses (25, 26). The

Structured Clinical Interview for DSM- IV Substance Use Disorder Module, was used to

assess substance use disorders because it provided additional detail regarding substance use

course specifiers.

For the current study, overall severity of bipolar disorder was measured by the Clinical

Global Impressions Scale for use in bipolar illness, Severity Index (CGI-BP-S) (27). The

CGI-BP-S is a modified version of the CGI designed specifically for use in assessing global

illness severity and change in patients with bipolar disorder. Specific mood symptoms were

measured with the Montgomery Asberg Depression Rating Scale (MADRS) (28) and the

Young Mania Rating Scale (YMRS) (29). The MADRS is a 10-item clinician-rated measure

of depression and the YMRS is an 11-item, clinician-rated measure of manic symptoms.

Quality of life was measured with the LIFE-Range of Impaired Functioning Tool (LIFE-

RIFT; (30)). The LIFE-RIFT assesses the extent to which psychopathology has impacted

current functioning in work, household chores, interpersonal relationships with partner,

family, and friends, recreational activities, and life, satisfaction, leisure activities and social

relationships). Medication side effects were monitored with the Frequency and Intensity of

Side Effects Rating (FISER), a reliable and validated self-report measure of intensity,

frequency, and burden of side effects (31). Medication adherence was measured using the

TRQ as discussed above. The best measure of partial adherence was failure to take 30% or

more of their medications in past month when self-report ratings were compared (32, 33).

The TRQ is a self-report questionnaire that has significant associations with objective

ratings of past non-adherence, repeated past non-adherence, any non-adherence in the past

month, and non-adherence in the past week (p=.03) (33). The TRQ was administered at

weeks 0 (baseline), 12 (mid-treatment), and 24 (post-treatment) of the study. Recent studies

using the TRQ found that 19.3% to 51.4% of individuals with bipolar disorder were non-

adherent (i.e., defined as missing 30% or more of their medication in the past month) (7, 34).

Statistical Analyses

The planned analyses were to examine group differences (i.e., adherent Vs. non-adherent)

based on the percentage of doses missed (for all psychotropic medications) in the past week

at the baseline visit with a cut-off of 30% (i.e., adherence was thus defined as taking at least

70% of one’s psychotropic medications). Pearson correlations of medication adherence (i.e.,

percentage of doses missed) with key study outcomes to explore possible mediators. To test

the relationship of medication adherence (as a continuous variable) with bipolar symptoms
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over the study period, we conducted mixed effect models to examine the pooled association

of medication adherence (i.e., percent of daily doses missed in the last week) on the repeated

assessments (CGI-BP-S, MARDS, YMRS, FISER) at each study visit over the 6-month

trial32..

Results

We found that 4.50% (9/200, Std error=1.47%) of participants, on average, reported missing

at least 30% of their medications in the past week at their baseline visit. Given this high rate

of adherence (and thus unequal group sizes), we did not find any significant group

differences in demographic and clinical features at baseline (see Table 1). Non-adherence

remained low throughout the trial, such that at mid-treatment (week 12) 6.45% of

participants (17/248, std error=1.56%) missed at least 30% of their daily doses and by the

end of the study (week 24) 6.72% (16/238, std error=1.62%) were non-adherent.

Self-reported medication non-adherence (i.e., percentage of doses missed in the past week)

was associated with more manic symptoms (YMRS) at mid- (week 12) and post-treatment

(week 24) (r = .21 and .14, respectively), lower lithium serum levels at mid- and post-

treatment (r = −.23 and −27., respectively), and more side effects (FISER) at pre-treatment

(r = −.30), but not with poor quality of life (LIFE-RIFT), overall severity of illness (CGI-

BP-S), or depressive symptoms (MADRS) over the study duration (all r’s<.16, p’s >.05).

The mixed effects models found that on average across the study visits low medication

adherence was associated with significant elevation in depressive symptoms, and a marginal

increase in hypomania/mania (p=.06) symptoms as well as overall severity of symptoms (see

Table 2).

Given these results, we conducted two post-hoc analyses. First, we found that at mid- and

post-treatment individuals who appeared non-compliant based on their serum lithium levels

(i.e., ≤ 0.2) in the Li+OPT group did report more missed doses (t1,102 = 2.33, p<.05; t1,101 =

3.62, p<.001, respectively). Second, we found that the intraclass correlation (ICC) was 0.22

indicating that within-subject self-reported adherence was quite variable over time

suggesting that there was no consistent pattern of endorsed adherence or adequate change in

responses on this study variable.

Discussion

LiTMUS yielded remarkably high medication adherence rates (i.e., > 93% over the study

duration on average). These data are supported by the association of self-report and

objective ratings (i.e., lithium levels) of adherence as well as variability in responses that

suggest accurate reporting. Given the high rates of adherence, we did not find any group

differences on demographic or clinical features, but we did find that medication adherence

was associated with improved course of illness (i.e., fewer symptoms, better overall severity

of illness and functioning).

The high rates of medication adherence in LiTMUS is consistent with our data that

participants were adherent to the study procedures as highlighted by a high retention rate

(i.e., 84%) for the study (36). We discussed several possibilities for this high retention rate
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which are applicable here, such as, excellent quality of care with limited participant burden,

frequent visits (i.e., every other week for the first half of the study) with their doctors as well

as allowing participants to remain in the study regardless of whether they were adherent to

the study medication. The high rates of adherence may also be due to using moderate (or

perhaps, more tolerable) doses of lithium as well as participants willingness to be in a

psychopharmacology study, particularly to test the efficacy of lithium; however, the

LiTMUS adherence rates are substantially higher than other bipolar pharmacology trials

(37).

Limitations to this study include not having an objective rating of medication adherence in

the OPT only group as well as measures to assess participants reasons for choosing to take

medications versus not, particularly at the time that participants make these decisions. Our

data also suggest that a larger sample is needed to examine medication adherence in

individuals with bipolar disorder. Given that this is a treatment seeking population that

voluntarily participated in a study to examine the efficacy of lithium, we can not assume that

these data are generalizable. However, efforts where made by the investigators to maximize

generalizability, such as, having few inclusion/exclusion criteria, paying for treatment as

needed (to allow participants in the study who did not have health insurance), and

advertising for the study.

Despite these limitations, we found that medication adherence was associated with course of

illness in bipolar disorder (6, 8, 37–39). We also found that partial medication adherence

(i.e., taking at least 70% of one’s daily doses) can be quite high for individuals with bipolar

disorder, contrary to previous studies; however, some participants are still not taking their

medications even in a closely monitored clinical trial. Thus, these data highlight the need to

further elucidate who tends to adhere to their medications, or perhaps more importantly, who

does not tend to adhere, given that adherence may buffer against future bipolar episodes.
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Significant Outcomes

• Medication adherence in this comparative effectiveness study of lithium for

individuals with bipolar disorder was remarkably high

• The high adherence was perhaps due to participants volunteering to participate

in this treatment as well as specific aspects of the study design.

• This study furthers our understanding of medication adherence in bipolar

disorder as well as how it is associated with course of illness.

Limitations

• This study did not use an objective rating of medication adherence (i.e., pill

counting) nor assessed participants’ reasons for choosing to take (or not take)

their medications.

• Data were also collected during a research trial and thus, may not be

generalizable to outpatient treatment of bipolar disorder.
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Table 1

Medication Adherence and Baseline Demographic and Clinical Features.

Adherent Group** (N=191)# Non-Adherent Group (N=9)# Test Statistic (df) P-value

Age

 Mean±SD (N) 39.9±12.0 (191) 40.3±14.1 (9) 0.01 (1) 0.925

 Range (min,max) (18.0,65.0) (20.0,68.0)

 Median 40.0 37.0

Gender 2.57 (1) 0.109

 Male 39.8% (76/191) 66.7% (6/9)

 Female 60.2% (115/191) 33.3% (3/9)

Ethnicity 0.24 (1) 0.626

 Hispanic or Latino 17.4% (33/190) 11.1% (1/9)

 Not Hispanic or Latino 82.6% (157/190) 88.9% (8/9)

Marital status 5.13 (4) 0.274

 Single 31.9% (61/191) 22.2% (2/9)

 Divorced or separated 23.6% (45/191) 55.6% (5/9)

 Married or living as married 31.4% (60/191) 11.1% (1/9)

 Widowed 2.1% (4/191) 0.0% (0/9)

 Never married 11.0% (21/191) 11.1% (1/9)

Diagnosis 0.00 (1) 0.955

 Bipolar I 77.0% (147/191) 77.8% (7/9)

 Bipolar II 23.0% (44/191) 22.2% (2/9)

CGI-Severity 0.29 (1) 0.591

 Mean±SD (N) 4.3±0.9 (191) 4.1±0.6 (9)

 Range (min,max) (1.0,7.0) (3.0,5.0)

 Median 4.0 4.0

MADRS 0.09 (1) 0.764

 Mean±SD (N) 22.2±10.3 (191) 21.1±11.0 (9)

 Range (min,max) (2.0,49.0) (5.0,36.0)

 Median 23.0 23.0

YMRS 0.10 (1) 0.757

 Mean±SD (N) 12.8±7.9 (191) 13.7±8.5 (9)

 Range (min,max) (0.0,39.0) (2.0,28.0)

 Median 12.0 15.0

LIFE-RIFT 0.11 (1) 0.735

 Mean±SD (N) 20.8±6.4 (191) 20.1±4.5 (9)

 Range (min,max) (6.0,37.0) (14.0,25.0)

 Median 20.0 22.0

Suicide Attempts 0.05 (1) 0.825

 Yes 40.7% (77/189) 44.4% (4/9)

 No 59.3% (112/189) 55.6% (5/9)

Any Anxiety Disorder 1.31 (1) 0.252
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Adherent Group** (N=191)# Non-Adherent Group (N=9)# Test Statistic (df) P-value

 No 36.6% (70/191) 55.6% (5/9)

 Yes 63.4% (121/191) 44.4% (4/9)

Any Substance Disorder 1.46 (1) 0.226

 No 46.1% (88/191) 66.7% (6/9)

 Yes 53.9% (103/191) 33.3% (3/9)

Note.

**
Adherence is defined as missing less than 30% of their daily medication doses.

#
sample was reduced from 283 to 200 due to missing TRQ data at baseline.

Acta Psychiatr Scand. Author manuscript; available in PMC 2015 May 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Sylvia et al. Page 13

T
ab

le
 2

M
ix

ed
 E

ff
ec

ts
 M

od
el

s 
of

 C
lin

ic
al

 F
ea

tu
re

s 
an

d 
M

ed
ic

at
io

n 
N

on
-a

dh
er

en
ce

E
st

im
at

e
St

d 
E

rr
or

df
t

95
%

 C
I

C
G

I-
B

P
-S

1.
24

0.
35

10
59

3.
56

**
[0

.5
6,

 5
.3

9]

Y
M

R
S

0.
12

0.
07

10
58

1.
87

*
[−

0.
01

, 0
.2

5]

M
A

D
R

S
0.

14
0.

04
10

58
3.

35
**

[0
.0

6,
 0

.2
2]

L
IF

E
-R

IF
T

0.
16

0.
18

15
5

0.
85

[−
0.

21
, 0

.5
2]

F
IS

E
R

: 
fr

eq
ue

nc
y

−
0.

33
0.

23
10

32
−

1.
43

[−
0.

79
, 0

.1
2]

F
IS

E
R

: 
in

te
ns

it
y

−
0.

19
0.

26
10

33
−

0.
74

[−
0.

71
, 0

.3
2]

F
IS

E
R

: 
in

te
rf

er
en

ce
0.

05
0.

29
10

33
0.

16
[−

0.
53

, 0
.6

2]

N
ot

e.
 C

lin
ic

al
 G

lo
ba

l I
m

pr
es

si
on

s 
Sc

al
e 

fo
r 

us
e 

in
 b

ip
ol

ar
 il

ln
es

s,
 S

ev
er

ity
 I

nd
ex

 (
C

G
I-

B
P-

S)
; Y

ou
ng

 M
an

ia
 R

at
in

g 
Sc

al
e 

(Y
M

R
S)

; M
on

tg
om

er
y 

A
sb

er
g 

D
ep

re
ss

io
n 

R
at

in
g 

Sc
al

e 
(M

A
D

R
S)

; L
IF

E
- 

R
an

ge
of

 I
m

pa
ir

ed
 F

un
ct

io
ni

ng
 T

oo
l (

L
IF

E
-R

IF
T

);
 F

re
qu

en
cy

 a
nd

 I
nt

en
si

ty
 o

f 
Si

de
 E

ff
ec

ts
 R

at
in

gs
 (

FI
SE

R
).

* p 
=

 .0
6,

**
p 

<
 .0

1

Acta Psychiatr Scand. Author manuscript; available in PMC 2015 May 01.


