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Bipolar disorder is a cyclical mood disorder characterized by pe-
riods of mania or depression punctuated by periods of euthy-
mia. Bipolar disorder affects approximately 2% of Americans.1 

There are various medication treatments aimed at minimizing the du-
ration and severity of symptoms of bipolar disorder. Lithium carbonate, 
atypical antipsychotics, and mood-stabilizing anticonvulsants have all 
been shown to be effective in various phases of the disorder and are 
recommended agents for the treatment of bipolar disorder.2,3

Treatment of bipolar disorder is associated with significant costs, a 
large portion of which is related to the cost of chronic medication ad-
ministration.4 Medication formularies are increasingly being used to help 
control the cost of treatment for various medical conditions, as well as 
for psychiatric disorders such as bipolar disorder. To thoroughly evaluate 
the utility of a medication, it is important that formulary decisions take 
into account factors other than just medication cost in the formulary de-
velopment process. A number of factors such as safety and effectiveness 
should be considered in addition to acquisition cost. A multiattribute 
decision model (MADM) attempts to take multiple factors into account 
when determining what medication alternative has the highest utility.

The MADM presented herein is a form of evaluation using multi-
attribute utility technology (MAUT). Multiattribute utility technology 
analysis is a broad technique originally developed to aid in making deci-
sions regarding competing social programs.5 The MAUT framework has 
been extended to a number of other applications such as differentiating 
among medication interventions for medical conditions, including mi-
graine,6 angina,7 and schizophrenia.8

The objective of this research was to develop a MADM to differenti-
ate mood-stabilizing medications for the treatment of bipolar disorder. 
We synthesized data from a variety of sources, including focus group 
discussions, an online survey of psychiatric pharmacist specialists, and 
relevant clinical information in construction of our MADM.

METHODS
Development of a MADM involves determining the perspective 

of the model, identifying the treatment alternatives, ascertaining the 
relevant attributes to be considered, 
quantifying each attribute for each 
treatment alternative, and calculating 
the total utility score for each treat-
ment alternative.5 The perspective 
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for this MADM was determined to 
be a hypothetical psychiatric hospital. 
Lithium, anticonvulsant medications, 
atypical antipsychotics, and the olan-
zapine-fluoxetine combination were 
identified as the possible treatment 
alternatives. The attributes relevant 
to a comparison of mood-stabilizing 
medications were determined by a fo-
cus group discussion involving clini-
cal psychiatric pharmacist specialists 
and academic pharmacy practice researchers. The attributes 
important to differentiating the various mood-stabilizing 
medications identified by the focus group were effectiveness, 
safety and tolerability, cost, monitoring burden, and dosing 
frequency. The next step in developing our MADM was to 
determine the relative weight or relative importance of each 
of these attributes and to assign a score for each medication 
on each of these attributes. To complete these steps of the 
analysis, we developed a survey instrument to be administered 
to a group of psychiatric pharmacist specialists.

Survey
The survey instrument was developed as a self-administered 

online survey. The target respondent population was psychiat-
ric pharmacist specialists. A psychiatric pharmacist specialist 
is a pharmacist who has received specialized training or prac-
tices in the area of clinical psychopharmacology. Survey re-
spondents were recruited from among the membership of the 
College of Psychiatric and Neurological Pharmacists, an orga-
nization representing more than 700 healthcare professionals 
in the United States and Canada. Subjects were recruited via 
the organization’s e-mail Listserv. The initial invitation to par-
ticipate in the survey was followed by a second e-mail invita-
tion 1 week later. Online responses were collected for 14 days. 
The survey instrument consisted of 3 parts, namely, demo-
graphic information, attribute weights, and attribute factor 
scores. Only completed surveys were included in this analysis.

Demographic Information
Survey questions in this section were designed to obtain 

demographic information about survey participants. Demo-
graphic information collected included the following: sex, 
number of years in practice, academic degrees obtained, phar-
macy residency information, board certifications obtained, 
and current practice setting.

Attribute Weights
Attribute weights were determined by asking respondents 

to weight how important each of the attributes (effectiveness, 

safety and tolerability, cost, monitoring burden, and dosing fre-
quency) is when considering which medication should be used 
for a patient with bipolar disorder. Responses were scored on 
a 10-point scale (10 indicates very important, and 1 indicates 
not important at all) and were averaged for each attribute. The 
raw attribute weightings were converted to ratio weights and 
finally to percentage scores for use in the final model.

Attribute Factor Scores
For each attribute, factors were identified that could be 

used to quantify the attribute. In light of the differential ef-
fectiveness of medications in the different phases of bipolar 
disorder, we asked respondents to score each medication on 
the following 3 separate factors related to effectiveness: ef-
fectiveness in acute mania, effectiveness in acute bipolar de-
pression, and effectiveness in maintenance treatment. For the 
safety and tolerability attribute, respondents were asked to 
score each medication separately on the factors of safety and 
tolerability. Monitoring burden and costs were each evaluated 
as a single factor. When rating each of the medications on the 
cost factor, respondents were asked to rate their “perception 
of the overall cost” associated with each medication. Dosing 
frequency was also evaluated as a single factor. Dosing fre-
quency was included in the model to incorporate adherence 
as a component in the model, as the frequency of medication 

Take-Away Points
This article describes the process of developing a multiattribute decision model (MADM) to 
compare mood stabilizers for the treatment of bipolar disorder.

n	 A MADM takes multiple attributes (eg, effectiveness, safety and tolerability, and cost) into 
account when determining the most favorable decision alternative.

n	 According to this model, lithium carbonate and lamotrigine are the mood-stabilizing medi-
cations with the highest utility scores.

n	 Among the atypical antipsychotics, aripiprazole is associated with the highest utility score.

n	 MADMs based on multiattribute technology are a versatile method that may have applica-
tions in the formulary decision-making process.

n Table 1. Dosing Factor Score Assignment
Daily Dosing 
Regimena

 
Raw Dosing Factor Scoreb

3-4 40

3 50

2-3 60

2 70

1-2 80

1 90

aBased on consensus recommendations and US Food and Drug 
Administration–approved labeling. 
bRange, 0 to 100.
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the attribute utility scores, and calculation of the total utility 
score for each medication. The mean raw factor scores were 
converted to a common utility scale ranging from 0 (the worst 
plausible value for a factor) to 100 (the best plausible value for 
a factor) to obtain the factor utility score. Equation 1 was used 
to convert the raw factor scores to the factor utility scores. For 
all of the individual factors, except for the dosing factor, values 
of Vmax = 5 and Vmin = 1 were used. For the dosing factor, values 
of Vmax = 100 and Vmin = 30 were used.

Factor utility scores were weighted and summed, when 
appropriate, to determine the attribute utility score (see 
equation 2 herein). For example, because the safety and toler-
ability attribute score was related to 2 factor scores, the safety 
and tolerability factor scores (usafety and utolerability, respectively) 
were each weighted equally (ie, wsafety and wtolerability were both 
set to 0.50) to calculate the unified safety and tolerability at-
tribute score (Ust). A similar procedure was used to calculate 
the effectiveness attribute utility score (Ue), as discussed in 
the following “Model Iterations” subsection. For the monitor-
ing burden, cost, and dosing frequency attributes, the attri-
bute utility score (Um, Uc, and Ud , respectively) is equivalent 
to the factor utility score, because only a single factor con-
tributes to the attribute. Finally, attribute utility scores were 
scaled by their respective attribute weights and were summed 
to calculate the total utility score. The total utility score is 
represented in Equation 2. 

Model Iterations
Four main iterations of the model were performed to com-

pare the total utility scores when effectiveness in acute mania, 
effectiveness in acute bipolar depression, effectiveness in 
maintenance treatment, and overall effectiveness were con-
sidered. Each of these iterations was performed by adjusting 
the effectiveness factor weightings (w in equation 2). For ex-
ample, for the iteration of the model evaluating effectiveness 
in acute mania, wmania was set to 1, while wdepression and wmaintenance 

administration has been found to be closely related to medi-
cation adherence.9

Raw factor scores were determined by asking the respon-
dents to score each medication on all of the factors using a 
5-point Likert-type scale. The responses were anchored for 
each factor such that a higher raw factor score indicated a more 
favorable performance on each attribute. If respondents did not 
know how to score a particular medication on a given factor, 
there was a “not sure” response available for them to select. 
“Not sure” responses were excluded from subsequent calcula-
tions on a casewise basis. The mean response scores were then 
calculated for each of the medications, and this mean response 
score was used as the raw factor score for each factor. For the 
dosing attribute, a single factor score based on consensus dosage 
recommendations and the US Food and Drug Administration–
approved dosing frequency was used. The dosing factor score 
for each medication was assigned a value on a scale from 0 to 
100 as given in Table 1. This method for attributing dosage fac-
tor scores was based on techniques used in a MADM analysis of 
medication treatments for schizophrenia.8

Calculation of Total Utility Score
The final steps of our MAUT analysis involved conver-

sion of the raw factor scores to utility scores, calculation of 

    n  Equation 2. Calculation of Total Utility Score

  n  Equation 1. Calculation of Factor Utility Score

uf  = 100(f − Vmin) / (Vmax − Vmin)

     uf  = factor utility score  
       f = raw factor score
Vmax = maximum plausible factor score

 Vmin = minimum plausible factor score

Utotal  = (Ue � We) + (Ust  � Wst) + (Ud � Wd) + (Um  � Wm) + (Uc � Wc)

 Ue = (umania  � wmania  +  udepression  � wdepression +  umaintenance  � wmaintenance)

Ust = (usafety  � wsafety  +  utolerability  � wtolerability)

 U = attribute utility score
W = attribute weight
  u = factor utility score
 w = factor weight
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were set to 0. For the itera-
tion evaluation of overall 
effectiveness, each of the 
effectiveness factors was 
weighted equally.

Sensitivity Analysis
We also evaluated the 

stability of our model by 
varying the methods of 
calculating the monitoring 
and cost based on factor 
scores. Namely, we calcu-
lated the monitoring factor 
score using the number of 
monitoring interventions 
recommended instead of 
the survey response scores. 
We also calculated the cost 
factor score by inputting the 
average wholesale price for 
a 30-day supply of a typical 
dosage of each medication 
instead of using the percep-
tion of cost item from the 
survey. We then compared 
the results of these models 
with those of the original 
model to evaluate the mod-
el stability.

To clarify the reporting 
of results, in cases where a 
medication is available in 
both generic and branded 
forms, we indicate brand 
in parentheses next to the 
chemical name for branded 
versions of the medication. 
In cases where a medica-
tion was only available in 
a branded formulation at 
the time of this research, 
the chemical name is used 
exclusively. All calcula-
tions were performed us-
ing SPSS version 14.0 
(SPSS Inc, Chicago, IL) 
and Excel 2007 (Micro-
soft, Redmond, WA). This 
research project was ap-

n Table 2. Demographic Characteristics of Survey Respondents and Overall Membershipa

Survey  
Respondents  

(n = 116)

Overall  
Membership  

(n = 656)

Variable  No. (%) No. (%) P b

Sex

    Male 34 (29.3) —

    Female 81 (69.8) —

Degree

    BSPharm 41 (35.3) 134 (20.4) .05

    PharmD 98 (84.5) 535 (81.6)  

    MSPharm 9 (7.8) 34 (5.2)  

    PhD 2 (1.7) 21 (3.2)

Experience, y

    <10 57 (49.1) —

    10-19 30 (25.9) —

    >20 29 (25.0) —

Country

    United States 111 (95.7) 625 (95.3) >.99

    Other 5 (4.3) 31 (4.7)

Geographic region

    Northeast 10 (8.6) 133 (20.3) .03

    South 47 (40.5) 210 (32.0)  

    Midwest 27 (23.3) 134 (20.4)  

    West 26 (22.4) 141 (21.5)  

    Pacific 1 (0.9) 2 (0.3)  

Postgraduate trainingc

    Psychiatric pharmacy residency 68 (58.6) —

    Pharmacy practice residency 24 (20.7) —

    Pharmacy residency, other 5 (4.3) —

    Other postgraduate training 5 (4.3) —

Board certification

    BCPP 69 (59.5) 313 (47.7) .23

    BCPS 1 (0.9) 21 (3.2)  

    BCPS and BCPP 4 (3.4) 14 (2.1)  

Practice in a clinical setting with direct interaction with patients  

   Yes 99 (85.3) —

    No 17 (14.7) —

    If clinical practice, age of patients seenc

        Children 34 (29.3) —

        Adults 94 (81.0) —

        Geriatric 60 (51.7) —

    If clinical practice, percentage of patients with a bipolar diagnosis  

        <25 36 (31.0) —

        25-49 53 (45.7) —

        50-74 10 (8.6) —

        >75 0  

BCPP indicates Board-Certified Psychiatric Pharmacist; BCPS, Board-Certified Pharmacotherapy Specialist. 
aSome subtotals do not sum to heading totals because of missing responses to questions. 
bFrom c2 test comparing frequency distribution of respondents and the College of Psychiatric and Neurological 
Pharmacists members with available demographic information. 
cCategories are not mutually exclusive.
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proved by the University of Texas at Austin Institutional 
Review Board.

RESULTS
The total membership of the College of Psychiatric and 

Neurological Pharmacists at the time of study recruitment 
was 735, with 643 individuals subscribed to the organization’s 
Listserv. The online survey was accessed by 145 individuals, 
116 (80%) of whom submitted a completed survey. The over-
all response rate was 116 of 643 (18%). The demographics of 
the survey respondents and available overall membership are 
given in Table 2.

The mean raw attribute weights, as well as the corre-
sponding ratio weights and percentage weights, are given in 
Table 3. Effectiveness was identified as the most important 
attribute to consider during the medication selection process, 
followed closely by the safety and tolerability attribute. The 
dosing frequency, monitoring burden, and cost attributes 
were considered important as well and clustered closely to-
gether. The mean raw factor scores and factor utility scores 
for the effectiveness, safety and tolerability, cost, monitoring 
burden, and dosing frequency factors are available in Appen-
dix Tables 1, 2, and 3 to this article.

Total utility scores for each iteration of the model are 
given in Table 4. When only effectiveness in acute mania 
was considered in the effectiveness attribute score, lithium 
carbonate was the decision alternative with the highest total 
score. Among the atypical antipsychotics, aripiprazole was 
the medication with the highest utility score.

When only effectiveness in acute bipolar depression was 
considered for the effectiveness attribute score, lamotrigine 
was the decision alternative with the highest total utility 
score (Table 4). In this iteration, aripiprazole was the atypical 
antipsychotic with the highest total utility score.

Results for the effectiveness in maintenance treatment 
iteration of the MADM reveal that lithium carbonate is the 

medication with the highest total utility score (Table 4). The 
most highly rated atypical antipsychotic in this iteration of 
the model was aripiprazole.

The final model constructed was an overall effectiveness 
model, where each of the 3 effectiveness factors (effectiveness 
in acute mania, effectiveness in acute bipolar depression, and 
effectiveness in maintenance treatment) was equally weight-
ed to calculate the attribute utility score (Table 4). In this 
iteration, lithium carbonate was associated with the highest 
total utility score. As in the other iterations of the model, 
aripiprazole was associated with the highest score among the 
atypical antipsychotics.

A sensitivity analysis was also performed. Results showed 
that the alternate methods of calculating the monitoring and 
cost factor scores did not affect the overall results of any it-
eration of the MADM.

DISCUSSION
This article presents an implementation of MAUT analy-

sis in bipolar psychopharmacology. According to the model 
we developed, lithium carbonate is the medication with the 
highest total utility score when considering medication treat-
ments for effectiveness in acute mania, effectiveness in main-
tenance treatment, and overall effectiveness. Lamotrigine is 
the medication associated with the highest total utility score 
for bipolar depression.

In light of the high prevalence of atypical antipsychotic 
use and the high costs associated with the atypical anti
psychotics, we also evaluated the results within this class 
of medications separately. According to our model, aripip-
razole is the antipsychotic associated with the highest total 
utility score for all iterations of this MADM. Evaluations of 
the individual factor utility scores reveal that aripiprazole 
scored only moderately well on the effectiveness and cost 
factors; however, aripiprazole scored highest among all of the 
antipsychotics on the safety and tolerability and monitor-

n Table 3. Raw Attribute Weight, Ratio Weight, and Percentage Weight for Each of the Attributes Among 116 
Survey Respondents

Attribute Weight, Mean (SD)a Ratio Weightb % Weightc

Effectiveness 9.83 (0.42) 1.28 23

Safety and tolerability 9.60 (0.68) 1.25 22

Dosing frequency 7.88 (1.58) 1.02 18

Monitoring burden 7.74 (1.57) 1.01 18

Cost 7.70 (1.57) 1.00 18

aSimple average of the responses (10 indicates very important, and 1 indicates not important). 
bRatio of the mean weight of each attribute to the attribute with the lowest mean weight (ie, cost). 
cPercentage ratio weight for each attribute divided by the sum of the ratio weights of all attributes. 
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ing burden factors. The contribution of the latter attributes 
to the overall utility score seems to drive the differences in 
total utility scores seen between aripiprazole and the other 
antipsychotics.

It is also notable to highlight the medications with the 
lowest total utility scores for each of the model iterations. 
Gabapentin (brand and generic formulations) and topi-
ramate scored poorly on all iterations of the MADM. The 
low scores for these agents were driven in large part by low 
effectiveness ratings. These agents are not recommended as 
mood-stabilizing agents in the Texas Medication Algorithm 
Project2 or American Psychiatric Association3 treatment 
guidelines. These results suggest that the model is able to dis-
criminate between medications with different levels of con-

sensually recognized utility, even while accounting for factors 
not explicitly considered in these treatment guidelines (ie, 
cost, dosing frequency, etc).

The response rate to our online survey using e-mail re-
cruitment was modest (18%). This is a limitation frequently 
seen with online surveys10-12 and especially with online sur-
veys of health professionals.13 Surveys of health profession-
als using multiple follow-up recruitment e-mails,14 postal 
follow-up,15 or telephone follow-up16 have shown higher 
response rates than studies17-19 that did not use these recruit-
ment strategies. Our study used only a single follow-up e-mail 
for study recruitment. A number of other factors, including 
technical problems accessing the Web-based survey, the tim-
ing of the survey, lack of compensation, concerns regarding 

n Table 4. Total Utility Scores Associated With Each Medication for the 4 Model Iterations Among 116 Survey 
Respondents 

 
 
Medication

 
Effectiveness in 
Acute Maniaa

Effectiveness in 
Acute Bipolar 
Depressionb

Effectiveness in  
Maintenance 
Treatmentc

 
Overall 

Effectivenessd

Lithium carbonate

    Lithium 64.61 60.69 66.09 63.80

    Lithium (brand) 60.53 56.62 62.02 59.72

Antipsychotics

    Aripiprazole 58.95 54.05 59.24 57.41

    Olanzapine 51.08 42.89 48.83 47.60

    Olanzapine-fluoxetine combination 43.22 49.34 48.41 46.99

    Risperidone 55.56 48.70 54.20 52.82

    Quetiapine fumarate 54.21 51.41 53.33 52.98

    Ziprasidone 50.65 46.73 50.86 49.41

Anticonvulsants

    Carbamazepine IR   54.28 48.88 55.68 52.95

    Carbamazepine IR (brand) 48.34 42.94 49.74 47.01

    Carbamazepine ER 55.36 49.95 56.76 54.02

    Carbamazepine ER (brand) 48.98 43.58 50.38 47.65

    Valproic acid/divalproex sodium IR 63.14 54.32 63.49 60.32

    Valproic acid/divalproex sodium IR (brand) 59.19 50.37 59.54 56.37

    Valproic acid/divalproex sodium MR 59.97 51.14 60.31 57.14

    Valproic acid/divalproex sodium ER 62.04 53.22 62.39 59.22

    Gabapentin 48.35 48.29 48.55 48.40

    Gabapentin (brand) 42.08 42.03 42.29 42.14

    Lamotrigine 50.57 60.84 61.47 57.63

    Oxcarbazepine 52.24 50.00 53.65 51.96

   Topiramate 45.78 45.06 46.70 45.85

ER indicates extended release; IR, immediate release; MR, modified release.  
aTotal utility score when wmania = 1.0, wdepression = 0.0, and wmaintenance = 0.0 (see equation 2). 
bTotal utility score when wmania = 0.0, wdepression = 1.0, and wmaintenance = 0.0 (see equation 2). 
cTotal utility score when wmania = 0.0, wdepression = 0.0, and wmaintenance = 1.0 (see equation 2). 
dTotal utility score when wmania = 0.33, wdepression = 0.33, and wmaintenance = 0.33 (see equation 2).
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confidentiality, length of the survey, and misidentification of 
the survey recruitment e-mail as spam, may have adversely 
affected our response rate. We did not account for e-mails 
that “bounced” or were returned with “out of office” replies in 
the denominator of the response rate calculation. Despite the 
modest response rate, our sample was generally representative 
of the membership of the College of Psychiatric and Neu-
rological Pharmacists with regard to academic degree, board 
certification, and nationality. Our sample seems to be un-
derrepresentative of members from the northeastern United 
States and overrepresentative of members from the southern 
United States. The percentage deviation for the northeast-
ern US region in our sample was −53.9% from the expected 
value. The percentage deviation for the southern US region 
was 20.4%. The overrepresentation of membership from the 
South may be attributable to the authors’ academic affilia-
tions at a southern university.

A limitation of this analysis is that we chose to survey 
only psychiatric pharmacist specialists. We did not seek to 
obtain attribute or factor scores from physicians, nurses, 
psychologists, or other medical professionals. Psychiatric 
pharmacist specialists were chosen for the sampling frame in 
this study because of their specialized knowledge in the area 
of psychopharmacology and their broad knowledge base re-
garding the attributes included in this MADM. As evidenced 
by the demographics of our survey respondents, psychiatric 
pharmacist specialists typically have received advanced post-
graduate training in psychopharmacology or pharmacy prac-
tice and frequently hold board certification. In addition to a 
variety of clinical, academic, and industry roles, pharmacists 
often participate on pharmacy and therapeutics committees 
in healthcare systems and provide input on medication for-
mulary decisions. Among our survey respondents, 85% (99 
respondents) indicate that they practice in a setting with di-
rect patient contact (Table 2). In some states and practice 
settings, pharmacists may operate under collaborative prac-
tice agreements and have prescriptive authority within their 
defined scope of practice; however, we did not specifically ask 
our respondents whether they had a collaborative practice 
agreement in place or had prescriptive authority.

Although it is possible that other healthcare professionals 
would assign different attribute weights, research has shown 
that physicians and pharmacists rate the importance of the 
attributes included in this model similarly with regard to their 
influence on medication decision making. Schumock et al20 

surveyed a group of pharmacists, physicians, and formulary 
decision makers to determine the influence that a variety 
of factors have on medication decision making. Among the 
drug-related attributes assessed, pharmacists and physicians 
rated the importance of effectiveness, safety, ease of dosing, 

monitoring requirements, and cost similarly. The relative im-
portance of each attribute also corresponds to the findings in 
our survey. Schumock et al found that physicians and phar-
macists both rate effectiveness and safety as the most highly 
influential attributes. Monitoring requirements, ease of dos-
ing, and cost attribute scores clustered closely together, and, 
as in our study, these attributes were scored lower than the 
effectiveness and safety attributes. Schumock et al also found 
that there was a statistically significant difference in the im-
portance that pharmacists and physicians placed on “per-
sonal experience” when making medication decisions, with 
physicians rating personal experience as having a greater in-
fluence. Perhaps reflecting these findings, this attribute was 
not identified for inclusion in our model by our focus group 
of psychiatric pharmacist specialists.

It is also possible that other healthcare professionals would 
assign different factor scores to the individual medications in-
cluded in this study. Research indicates that pharmacists are 
particularly knowledgeable regarding medication adverse ef-
fects. In a study21 comparing the knowledge of pharmacists, 
physicians, and nurses related to medication adverse effects, 
pharmacists’ and physicians’ scores were similar, and both 
were higher than nurses’ scores (85.1, 81.3, and 72.3, respec-
tively; P <.001, analysis of variance). In addition, studies22-25 
have demonstrated that physicians often are unfamiliar with 
medication costs. In a survey of 203 physicians, 78% of physi-
cians described themselves as “often unaware of actual drug 
costs.”22 Similarly, in a survey of 189 physicians practicing in 
4 academic medical centers, 80% indicated that they “felt un-
aware of the actual costs of medications.”23 In our study, only 
29% (34 of 116) of pharmacists chose “not sure” or skipped 
the cost factor scoring for any medication. Seventy-one per-
cent (82 respondents) answered the cost factor item for all 
of the included medications; however, we made no attempt 
to determine the accuracy of the respondents’ knowledge of 
medication-related costs. When a sensitivity analysis using 
medication average wholesale price in place of the pharma-
cist-rated overall cost factor scores was conducted, the major 
findings remained unchanged.

A strength of this method of MAUT analysis is the flex-
ibility and adaptability of the model, as well as its ability to 
simultaneously incorporate a number of different attributes 
when comparing treatment alternatives. Using a form of 
MAUT analysis may be a beneficial tool to aid health sys-
tems in making medication formulary decisions. While the 
attributes that we chose to include in this model were de-
termined via a focus group discussion involving pharmacists 
with a variety of backgrounds, these attributes may not be all-
inclusive. There may exist other attributes important in the 
decision-making process that were not included. One benefit 
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Appendix Tables follow on next page.

of MAUT analysis is that other attributes can be easily as-
similated into the model.

A significant limitation of the MAUT analysis is that it 
fails to take patient-level data into account. The analysis is 
performed strictly at the population level and is meant to de-
termine the medication with the highest level of total utility 
on a population basis. This model cannot and should not be 
used to determine what medication is most suited to an indi-
vidual patient. Medication decisions for individual patients 
should include consideration of a variety of factors that are 
not included in this MAUT analysis, such as history of re-
sponse, patient choice, and prescriber preference.

CONCLUSIONS
Multiattribute decision models are a potentially useful tool 

to assist in formulary decision making. This research demon-
strates implementation of a MADM based on the results of a 
focus group and a survey of psychiatric pharmacist specialists. 
According to this model, lithium carbonate and lamotrigine 
are the mood-stabilizing medications with the highest total 
utility scores. Among the atypical antipsychotics, aripiprazole 
is associated with the highest total utility scores.
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n  Appendix Table 1. Raw Factor Scores (f ) and Utility Factor Scores (u) for Effectiveness in Acute Mania,  
Effectiveness in Acute Bipolar Depression, and Effectiveness in Maintenance Treatment for Each of the  
Treatment Decision Alternatives Among 116 Survey Respondentsa

Medication fmania umania fdepression udepression fmaintenance umaintenance

Lithium carbonate

    Lithium 4.43 85.78 3.75 68.75 4.69 92.24

    Lithium (brand) 4.43 85.78 3.75 68.75 4.69 92.24

Antipsychotics

    Aripiprazole 3.33 58.33 2.48 37.01 3.38 59.62

    Olanzapine 4.03 75.66 2.60 40.05 3.63 65.87

    Olanzapine-fluoxetine combination 2.26 31.55 3.33 58.16 3.16 54.12

    Risperidone 3.69 67.32 2.50 37.50 3.46 61.40

    Quetiapine fumarate 3.64 66.09 3.16 53.90 3.49 62.28

    Ziprasidone 3.18 54.57 2.50 37.50 3.22 55.48

Anticonvulsants

    Carbamazepine IR   3.56 64.04 2.62 40.54 3.81 70.13

    Carbamazepine IR (brand) 3.56 64.04 2.62 40.54 3.81 70.13

    Carbamazepine ER 3.56 64.04 2.62 40.54 3.81 70.13

    Carbamazepine ER (brand) 3.56 64.04 2.62 40.54 3.81 70.13

    Valproic acid/divalproex sodium IR 4.43 85.78 2.90 47.41 4.49 87.28

    Valproic acid/divalproex sodium IR (brand) 4.43 85.78 2.90 47.41 4.49 87.28

    Valproic acid/divalproex sodium MR 4.43 85.78 2.90 47.41 4.49 87.28

    Valproic acid/divalproex sodium ER 4.43 85.78 2.90 47.41 4.49 87.28

    Gabapentin 1.23 5.80 1.22 5.58 1.27 6.70

    Gabapentin (brand) 1.23 5.80 1.22 5.58 1.27 6.70

    Lamotrigine 1.90 22.59 3.69 67.24 3.80 70.00

    Oxcarbazepine 2.58 39.56 2.19 29.81 2.83 45.67

   Topiramate 1.59 14.81 1.47 11.68 1.75 18.81

ER indicates extended release; IR, immediate release; MR, modified release.  
aBased on 5-point Likert-type scale, where 1 indicates not effective and 5 indicates very effective.
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n  Appendix Table 2. Raw Factor Scores (f ) and Factor Utility Scores (u) for Safety and Tolerability for Each of the 
Treatment Decision Alternatives Among 116 Survey Respondentsa

Medication fsafety usafety ftolerability utolerability Ust

Lithium carbonate

    Lithium 3.16 54.09 3.10 52.61 53.35

    Lithium (brand) 3.16 54.09 3.10 52.61 53.35

Antipsychotics

    Aripiprazole 3.97 74.32 3.89 72.32 73.32

    Olanzapine 3.15 53.70 3.23 55.82 54.76

    Olanzapine-fluoxetine combination 3.14 53.57 3.19 54.84 54.21

    Risperidone 3.53 63.36 3.63 65.73 64.55

    Quetiapine fumarate 3.57 64.35 3.65 66.16 65.26

    Ziprasidone 3.63 65.77 3.77 69.27 67.52

Anticonvulsants

    Carbamazepine IR   3.14 53.45 3.17 54.13 53.79

    Carbamazepine IR (brand) 3.14 53.45 3.17 54.13 53.79

    Carbamazepine ER 3.16 54.09 3.35 58.77 56.43

    Carbamazepine ER (brand) 3.16 54.09 3.35 58.77 56.43

    Valproic acid/divalproex sodium IR 3.45 61.30 3.17 54.35 57.83

    Valproic acid/divalproex sodium IR (brand) 3.45 61.30 3.17 54.35 57.83

    Valproic acid/divalproex sodium MR 3.60 65.00 3.58 64.47 64.74

    Valproic acid/divalproex sodium ER 3.60 65.00 3.66 66.45 65.72

    Gabapentin 4.06 76.51 4.07 76.72 76.62

    Gabapentin (brand) 4.06 76.51 4.07 76.72 76.62

    Lamotrigine 3.34 58.41 3.91 72.84 65.63

    Oxcarbazepine 3.50 62.61 3.70 67.57 65.09

   Topiramate 3.32 58.04 3.14 53.54 55.79

ER indicates extended release; IR, immediate release; MR, modified release; Ust, weighted safety and tolerability utility score. 
aBased on 5-point Likert-type scale, where 1 indicates unsafe or very poorly tolerated and 5 indicates very safe or very well tolerated.
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n  Appendix Table 3. Raw Factor Scores (f ) and Utility Factor Scores (u) for Dosing Frequency, Monitoring  
Burden, and Cost Values Among 116 Survey Respondentsa

Medication fdosing udosing fmonitoring umonitoring fcost ucost

Lithium carbonate

    Lithium 80.00 71.43 1.88 21.98 4.54 88.38

    Lithium (brand) 80.00 71.43 1.88 21.98 3.63 65.77

Antipsychotics

    Aripiprazole 90.00 85.71 3.55 63.84 1.40 9.91

    Olanzapine 80.00 71.43 2.56 39.01 1.28 7.02

    Olanzapine-fluoxetine combination 90.00 85.71 2.56 39.02 1.24 6.02

    Risperidone 80.00 71.43 3.02 50.43 1.75 18.64

    Quetiapine fumarate 80.00 71.43 2.97 49.35 1.52 12.94

    Ziprasidone 70.00 57.14 3.15 53.64 1.60 15.05

Anticonvulsants

    Carbamazepine IR   60.00 42.86 2.10 27.59 4.25 81.25

    Carbamazepine IR (brand) 60.00 42.86 2.10 27.59 2.93 48.27

    Carbamazepine ER 70.00 57.14 2.10 27.59 3.78 69.55

    Carbamazepine ER (brand) 70.00 57.14 2.10 27.59 2.37 34.16

    Valproic acid/divalproex sodium IR 70.00 57.14 2.31 32.76 4.12 78.01

    Valproic acid/divalproex sodium IR (brand) 70.00 57.14 2.31 32.76 3.24 56.07

    Valproic acid/divalproex sodium MR 80.00 71.43 2.31 32.76 2.50 37.39

    Valproic acid/divalproex sodium ER 90.00 85.71 2.31 32.76 2.33 33.33

    Gabapentin 40.00 14.29 4.22 80.43 3.75 68.81

    Gabapentin (brand) 40.00 14.29 4.22 80.43 2.36 34.05

    Lamotrigine 90.00 85.71 3.20 54.96 2.11 27.70

    Oxcarbazepine 80.00 71.43 3.23 55.75 2.18 29.55

   Topiramate 80.00 71.43 3.63 65.79 2.06 26.58

ER indicates extended release; IR, immediate release; MR, modified release.  
aDosing scores based on 0 to 100 scale, where 90 indicates once daily and 40 indicates 3 to 4 times daily. Monitoring and cost scores based on 
5-point Likert-type scale, where 1 indicates very high monitoring burden or very expensive and 5 indicates very low monitoring burden or very 
inexpensive.


