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BACKGROUND The Medication Regimen Complexity Index (MRCI) is a 65-item instrument that can be
used to quantify medication regimen complexity at the patient level, capturing all prescribed and
over-the-counter medications. Although the MRCI has been used in several studies, the narrow
scope of the initial validation limits application at a population or clinical practice level.

PURPOSE To conduct a MRCI validation pertinent to the desired clinical use to identify patients for
medication therapy management interventions.

METHODS An expert panel of clinical pharmacists ranked medication regimen complexity for two sam-
ples of cases: a single-disease cohort (diabetes mellitus) and a multiple-disease cohort (diabetes
mellitus, hypertension, human immunodeficiency virus infection, geriatric depression). Cases for
expert panel review were selected from 400 ambulatory clinic patients, and each case description
included data that were available via claims or electronic medical records (EMRs). Construct valid-
ity was assessed using patient-level MRCI scores, medication count, and additional patient data.
Concordance was evaluated using weighted j agreement statistic, and correlations were determined
using Spearman rank-order correlation coefficient (q) or Kendall s.

RESULTS Moderate to good concordance between patient-level MRCI scores and expert medication regi-
men complexity ranking was observed (claims data, consensus ranking: single-disease cohort 0.55,
multiple disease cohort 0.63). In contrast, only fair to moderate concordance was observed for med-
ication count (single-disease cohort 0.33, multiple-disease cohort 0.48). Adding more-detailed
administration directions from EMR data did not improve concordance. MRCI convergent validity
was supported by strong correlations with medication count (all cohorts 0.90) and moderate corre-
lations with morbidity measures (e.g., all cohorts; number of comorbidities 0.46, Chronic Disease
Score 0.46). Nonsignificant correlation of MRCI scores with age and gender (all cohorts 0.08 and
0.06, respectively) supported MRCI divergent validity.

LIMITATIONS This study used cross-sectional, retrospective patient data for a small number of patients
and clinical pharmacists from only two universities; therefore, results may have limited generaliz-
ability.

CONCLUSIONS The patient-level MRCI is a valid tool for assessing medication regimen complexity that
can be applied by using data commonly found in claims and EMR databases and could be useful to
identify patients who may benefit from medication therapy management.

KEY WORDS medication regimen complexity, MRCI, complexity, medication therapy management,
MTM, geriatrics, hypertension, diabetes, human immunodeficiency virus, HIV, chronic disease.
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Currently in the United States, health care sys-
tems are being asked to increase the volume of
patients who receive medication therapy manage-
ment (MTM) services and to improve quality
indicators that have a heavy emphasis on appro-
priate medication use. MTM services include
comprehensive assessment and evaluation of a
patient’s complete medication therapy regimen.1

The Centers for Medicare and Medicaid Services
(CMS) 2014 guidelines for MTM programs added
requirements for health plan sponsors to have a
dedicated MTM information page linked to their
website and to actively promote available MTM
services to beneficiaries in an effort to increase
awareness of MTM service availability and ulti-
mately utilization.2 A similar medication focus
can be found in the recent CMS star rating sys-
tem for health plans that implemented incentive
quality-based payments based on number of stars
earned, where some star rating criteria are
related directly to medication use and could be
improved through MTM programs.3 For exam-
ple, star ratings are earned through direct medi-
cation targets, such as medication adherence
rates (e.g., diabetes, hypertension), percentage of
members receiving medications with a high risk
of side effects, or other criteria that depend on
appropriate medication use (e.g., percentage of
patients with diabetes with controlled levels of
blood sugar). A screening tool that reliably iden-
tifies patients with greater medication regimen
complexity could be useful for health plans (e.g.,
CMS ratings) and for practicing clinicians.
A literature review of measures of medication

regimen complexity and associated outcomes
found that medication regimen complexity is
related to patient nonadherence, caregiver
burden, quality of life, and medical resource uti-
lization.4 Many different methods were used to
quantify the complexity of medication regimens.
The medication regimen complexity index
(MRCI) was the most frequently used method.
The MRCI is a tool that quantifies medication

regimen complexity beyond the number of med-
ications to include weighted scores for types of
prescribed dosage forms, dosing frequency, and
additional administration directions.5

The MRCI has been used to quantify medica-
tion regimen complexity in several studies.6–21

Results of MRCI studies describe medication
regimen complexity for general groups of
patients8, 10–13, 15–18 and for defined cohorts
based on specific disease management (e.g.,
diabetes, hypertension).6, 7, 9, 14, 19–21 Two studies
assessed the relationship of MRCI scores with
medication adherence and found that increased
MRCI scores were related to lower medication
adherence levels.6, 12 Earlier MRCI studies
included only prescription medications for spe-
cific target diseases of interest (e.g., prescribed
diabetes medications) and ignored other pre-
scription and over-the-counter (OTC) medica-
tions for comorbidities (e.g., hypertension, pain
management). In contrast, recent studies broad-
ened the MRCI score to include all prescription
and OTC medications used for all comorbidities,
thus reporting a patient-level MRCI score.11, 18, 20, 21

Patient-level MRCI scores have been shown to
differentiate between high, medium, and low
medical complexity as determined by other
accepted measures of patient complexity, hospi-
tal readmission rates, medication count, comor-
bidity count, and Charlson comorbidity scores
(a method of predicting mortality risk based on
presence of comorbidities).11, 20, 21

The potential for the MRCI to be used as a
tool in clinical practice and by health plans to
identify patients who may benefit from subse-
quent interventions (e.g., comprehensive medi-
cation review) is limited by the original
narrowly defined scope for the tool and the
associated validation evidence. Although the
MRCI was judged to be a reliable and valid tool
from the original expert panel validation, the
process was conducted using a single cohort of
patients (chronic obstructive pulmonary disease)
and only included prescription medications in
the assessment of medication regimen complex-
ity.5 Also, concordance of MRCI score ranking
versus five expert clinician rankings was con-
ducted by asking five experts from different
fields (academic, research nurse, adherence
expert, clinical pharmacist, and home medica-
tion review expert) to judge “the difficulty in
coping with the provided regimens without tak-
ing into account any drug-, clinical-, or patient-
related factors.”5 Considering the number of
studies conducted since this initial validation,
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there appears to be a desire to use the MRCI as
a risk assessment tool, along with other patient
data, across disease states to identify patients for
subsequent interventions.6–21 Thus, there is a
need to validate the MRCI to identify patients
for subsequent MTM interventions using com-
monly available drug- and patient-related data
across multiple disease states.

Study Objectives

The purpose of this study was to examine the
validity of the MRCI, using patient-level scores,
as a tool to identify patients in two cohorts who
might benefit from MTM intervention that could
improve adherence or reduce risk of drug-related
events. The two cohorts were a single-disease–
defined cohort and multiple-disease–defined
cohort. Study objectives were to assess concor-
dance between expert pharmacist patient-level
medication regimen complexity rankings and
patient-level MRCI score rankings for patients
within the same target disease state and patients
in one of four target disease states. This study
compared concordance of expert patient-level
medication regimen complexity rankings and
patient-level MRCI score ranking using alterna-
tive views of information (i.e., claims data vs
electronic medical record [EMR] data). The final
objective was to assess convergent and divergent
validity of the MRCI using measures of patient
complexity and other patient factors.

Methods

The study was designed to assess the validity
of a patient-level MRCI based on expert opinion
and systematically varying patient information.
The process is depicted in Figure 1. The initial
step involved an in-person meeting at University
of Colorado Anschutz Medical Campus (CU),
with collaborators joining by conference call.
During that meeting, the MRCI content (or face)
validity was assessed by six clinical pharmacists
practicing in ambulatory care clinics related to
each of the four disease-defined cohorts studied:
hypertension (HTN), diabetes mellitus (DM),
human immunodeficiency virus infection (HIV),
and geriatric depression (GD). Each pharmacist
determined if the 65 MRCI items were related to
medication regimen complexity and if other
items were needed to more fully assess medica-
tion regimen complexity.
In a prior unpublished study, clinical pharma-

cists in the practice areas of HTN, DM, infec-

tious disease, and geriatrics calculated patient-
level MRCI scores (including prescription and
OTC medications) in their area of expertise for
800 patient-level medication regimens collected
from ambulatory clinics at the CU (400
regimens) and at the University of California,
San Diego (SD, 400 regimens). An electronic
data capture and coding tool was used to calcu-
late MRCI scores (http://www.ucdenver.edu/
academics/colleges/pharmacy/Research/re-
searchareas/Pages/MRCTool.aspx).20

Briefly, the MRCI score calculated for each
patient was based on three separate components of
their medication regimen: (i) dosage formulations,
(ii) dosing frequency, and (iii) additional adminis-
tration directions. A weight of 1 was given to each
tablet or capsule dosage form given once/day.
Other dosage formulations and dosing frequencies
were assigned increasing weights related to the
increasing difficulty in administration (e.g., pre-
filled injectable agents receive a weight of 3). Addi-
tional administration directions (e.g., “break” or
“crush,” “take with food”) associated with a medi-
cation added to the MRCI score with increasing
weight according to difficultly in administration.
The patient-level MRCI score calculated for each
patient included all of a patient’s prescription and
OTC medications. These patient-level MRCI
scores formed the pool from which cases used in
the panel ranking exercises were randomly
selected and provided data for convergent and
divergent correlation testing.
Two samples of medication regimens from the

CU patient pool were used as cases in the panel
ranking exercises. The first was the single-disease
cohort composed of nine patients with diagnosed
and treated DM. The second was the multiple-dis-
ease cohort composed of nine patients diagnosed
and treated for HTN (two patients), DM (three
patients), HIV (two patients), and GD (two
patients). The number of patients was limited to
nine in each cohort based on anticipated time
needed for the panel ranking exercise. To assess
the ability of the patient-level MRCI to identify
patient complexity (defined a priori as “expected
patient difficulty managing medication regimens,
thus warranting intervention”), the cases in the
highest and lowest deciles of the patient pool
(400 cases) of patient-level MRCI scores were
excluded from possible consideration in the panel
ranking exercise. Cases were chosen with a goal
difference of at least 1.5 points between patients’
scores (range 1.5–4 points on patient-level
MRCI) and from the middle 50% of scores,
although some cases were slightly outside of the
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middle range to maintain the goal difference. The
intent was to find a sample of patients with
monotonically increasing medication regimen
complexity in the middle ranges of complexity.
Excluding patients with extreme values was a
more rigorous test of the MRCI tool because it
removed obviously high- and low-complexity
cases, in contrast to ranking across the full range
of medication regimen complexity used in the

original validation study that found “full agree-
ment on rankings of regimens with extreme com-
plexities.”5

The medication regimens for the two samples
(nine for each) presented to the expert panel in
two different views are summarized in Table 1.
The first view represented an administrative
claims data view and presented medication regi-
men (medication names, strengths, dose, and

Content (Face) Validity Review of MRCI Tool
6 Ambulatory Care Clinical Pharmacists

Patient-level MRCI Scores Calculated

Medication regimens for 800 patients (cases) in HTN, DM, 
Infectious Disease or Geriatric ambulatory care clinics 

(n=400 SD, n=400 CU)

Cases from SD
site excluded

n=400

Cases selected for Expert Panel Review across middle range of 
MRCI scores (n=18)

Cases not 
selected for 

Expert Panel 
Review 
samples
n=302

Expert Panel Review by 
7 Ambulatory Care Clinical Pharmacists

- Single Disease Cohort (DM, n=9)
- Multiple Disease Cohort 

HTN (n=2) DM (n=3) HIV (n=2) GD (n=2)

Pool of Cases for Expert Panel Review from CU site
n=400

Cases with 
MRCI scores in 

highest and 
lowest deciles 

excluded
n=80

Pool of Midrange Cases for Expert Panel Review
n=320

Figure 1. Analysis steps.
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calculated daily medication count), patient age,
gender, and current diagnosed comorbidities
(using International Classification of Disease, 9th
Revision classifications). The second view repre-
sented an EMR view and included the same
information as just given but instead of a calcu-
lated daily medication count, more-specific
directions for medication administration and
dose frequency were provided. An example case
with the two views is presented in Appendix S1.
A seven-member expert panel consisting of

clinical pharmacists practicing in ambulatory
care settings was used to rank regimens accord-
ing to medication regimen complexity using only
the information provided within the view (i.e.,
without using the MRCI). Two of the panel
members had previous experience using the
MRCI tool to score patient-level medication regi-
men complexity, and the remaining panelists
were na€ıve to the MRCI. Medication regimen
complexity was defined for the experts a priori as
“expected patient difficulty managing medication
regimens, thus warranting intervention.” Each
expert individually performed four ranking exer-
cises, within a 1-hour time period, ranking regi-
mens in order of increasing patient-level
medication regimen complexity from lowest to
highest. The ranking exercises were conducted in
the following order: (i) single-disease cohort (A)
claims view and then (B) EMR view, and (ii)
multiple-disease cohorts (A) claims view and

then (B) EMR view. For each set, the expert
ranked the nine regimens (printed as one regi-
men per page, given an identifier of A through I,
with initial ordering of the stack shuffled for each
expert) and provided notes regarding their ratio-
nale for ranking a regimen as higher or lower
than an adjacent regimen. After all four sets had
been ranked by each expert, they were brought
together to report their individual rankings. A
consensus discussion was then moderated to
determine an overall consensus ranking of the
four sets. The institutional review boards of the
SD and the CU approved the study protocol.

Data Analysis

Concordance of MRCI-based rankings with
expert rankings (criterion validity) was con-
ducted using the weighted j agreement statistic
and Spearman rank-order correlation coefficient
(q). The former was used as the gold standard
statistic for rated ranks, and the latter was used
for comparison to the original MRCI validation
exercise.5 Construct validity, correlation of
MRCI scores with age, gender, Charlson comor-
bidity index (unweighted), Chronic Disease
Score (CDS), number of comorbidities, and
medication count were conducted using Spear-
man rank-order correlation coefficient (q) for
continuous variables, and Kendall s was used for
categorical variables. Level of significance was

Table 1. Case Description and Ranks by MRCI Score and Medication Count

Casesa Gender Age
Number of

Comorbidities
Patient-Level
MRCI Score

Total Medication
Count

MRCI
Rankb

Medication Count
Rankb

Single-disease cohort (DM)
A F 53 17 25.5 13 6 9
B M 65 34 9.5 5 1 1
C M 48 21 27.5 5 7 2
D M 57 29 33 12 9 8
E M 40 43 29 11 8 7
F F 45 17 20.5 6 4 3
G M 59 12 22.5 8 5 5
H M 71 18 17 10 3 6
I M 56 12 12 7 2 4
Multiple-disease cohort (DM, HTN, HIV infection, GD)
A (HTN) F 48 20 19.5 5 5 2
B (GD) F 79 24 10 5 1 1
C (HIV infection) M 51 7 25 10 7 8
D (DM) M 40 43 29 11 9 9
E (DM) M 56 12 12 7 2 4
F (HTN) M 51 10 23 10 6 6
G (GD) F 82 13 18 9 4 5
H (DM) M 48 21 27.5 5 8 3
I (HIV infection) M 58 15 15 10 3 7

MRCI = Medication Regimen Complexity Index; DM = diabetes, HTN = hypertension; HIV = human immunodeficiency virus; GD = geriatric
depression.
aCases randomly selected from 400 ambulatory clinic patients from University of Colorado Anschutz Medical Campus.
bRank: 1 = lowest complexity.
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set a priori as ≤ 0.05. Guidelines for interpreting
the strength of associations were < 0.20 poor,
0.2–0.40 fair, 0.41–0.60 moderate, 0.61–0.80
good, and 0.81–1.00 very good for the j statistic
and 0.2 minimal, 0.5 moderate, and 0.8 strong
for Spearman q and Kendall s.22 The CDS was
calculated using American Hospital Formulary
Service codes to derive comorbidities for each
patient based on the primary use of the medica-
tions. SAS version 9.3 (SAS Institute Inc., Cary,
NC, USA) was used to conduct all analyses.

Results

The content validity of the MRCI was judged
to be good in that all pharmacists agreed the
items included were related to and sufficient to
describe medication regimen complexity regard-
less of the disease state. In addition, basic
patient-related factors were recommended as
additional items to consider when assessing a
patient’s ability to manage complex medication
regimens. Thus, age, gender, and comorbidities
that would commonly be available via electronic
claims or medical record data were included in
the subsequent expert (i.e., clinical pharmacist)
panel ranking exercises.
Concordance of expert panel rankings of

patient-level medication regimen complexity,
when using the claims view, with MRCI scores
for the single-disease cohort were significant for
six of seven panel members and the consensus
ranking (weighted j 0.48–0.63) (Table 2). In
contrast, concordance with medication count, a
simpler common assessment of medication regi-
men complexity, was significant for only two
panel members (weighted j 0.18–0.63). For the
multiple-disease cohort, concordance of expert
panel rankings of patient-level medication regi-
men complexity with MRCI was significant for
four of seven panel members and the consensus
ranking (weighted j 0.25–0.63). Similar to the
single-disease cohort, concordance with medica-
tion count was significant for fewer panel mem-
bers (two and consensus; weighted j 0.25–0.55).
There was no difference in the concordance of
expert consensus ranking with MRCI ranking
when experts used the claims data versus EMR
data for the single-disease cohort (DM)
(weighted j 0.55 claim, 0.55 EMR). However,
for the multiple-disease cohort, the concordance
between expert consensus ranking and MRCI
was lower when experts used the additional
EMR data versus claims data (weighted j 0.40
and not significant EMR, 0.63 claim). The values

of significant Spearman q coefficients in Table 2
indicated moderate to strong correlation that
was consistent with the interpretation of the j
statistics as moderate to good concordance.
Notably, nonsignificant coefficients were in the
moderate (Spearman) or fair (j) association
interpretation range. Table 3 presents a sum-
mary of concordance patterns across study con-
trasts.
Construct validity (convergent and divergent)

of the MRCI was assessed using patient-level
MRCI scores and patient characteristics for the
800 patients from CU and SD sites. Table 4 pre-
sents MRCI scores and patient metrics for each
cohort by site for descriptive purposes. Mean
MRCI and other patient metrics for each disease
cohort were very similar between sites with the
exception of the geriatric depression cohorts
where there was a greater difference between
sites than other disease cohorts (Table 4). The
geriatric depression cohorts from CU were
slightly older (mean 81.3 � 6.1 vs
74.3 � 7.4 yrs) and had a higher Charlson com-
orbidity index score (mean 1.98 � 1.57 vs
0.94 � 1.16), medication count (12.1 � 4.9 vs
7.1 � 3.7), number of comorbidities
(24.1 � 9.8 vs 9.2 � 6.4), and MRCI score
(mean 25.4 � 11.7 vs 17.6 � 10.0) than did
patients from SD. The number of comorbidities
was 2–3 times greater for the CU cohorts with
the exception of the HIV cohort. Correlation of
MRCI scores with medication count were signifi-
cant and strong across the four disease states
and two sites (p≤0.05, Spearman q 0.84–0.93).
(Table 5) Correlation of MRCI scores with CDS
and number of comorbidities was in the moder-
ate range across cohorts and 0.46 and 0.47,
respectively, for all cohorts combined. Correla-
tion of MRCI was slightly lower for the Charlson
comorbidity index (0.37 for all cohorts com-
bined) and minimal for age and gender (0.08
and 0.06, respectively, for all cohorts combined).

Discussion

This study broadened the validity testing of
the MRCI to be more pertinent to identifying
patients for subsequent MTM interventions by
using a patient-level MRCI score and clinician
ratings of “expected patient difficulty managing
medication regimens, thus warranting
intervention.” Our investigation revealed moder-
ate to strong concordance between patient-level
MRCI scores and expert ranking of patient med-
ication regimen complexity. Expert ranking of
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medication regimen complexity was more often
in concordance with MRCI rankings than rank-
ings based on medication count alone. The addi-
tion of more-detailed “administration directions”
available in EMR data, but not in claims data,
did not improve concordance of expert medica-
tion regimen complexity ranking and MRCI
ranking. In fact, fewer experts were in concor-
dance with MRCI rankings when the extra EMR
information was available for the multiple-dis-
ease cohort. The strengths of correlations with
expert opinion were comparable to those
reported in the original MRCI validation study
(Spearman q range 0.657–0.943). However, the
original MRCI validation study used only pre-
scription medications in the MRCI score, evalu-

ated patients from a single-disease cohort
(chronic obstructive pulmonary disease), and
used a definition of “medication regimen com-
plexity” that explicitly did not consider any non-
medication factors.5 Convergent validity of the
MRCI was supported by strong positive correla-
tions with medication count and moderate posi-
tive correlations with measures of morbidity
(CDS and number of comorbidities). The mini-
mal level of correlation of MRCI scores with age
and gender supported the divergent validity of
the MRCI. These findings were consistent for
patient cohorts from each site (CU and SD) and
were similar to other studies that have included
some psychometric testing of the
MRCI.12, 13, 15, 19

There are several implications of our findings.
First, our investigation used an applied defini-
tion of “medication regimen complexity” that
was focused on the practical need to identify
patients for whom their medication regimen
could be problematic and would therefore likely
benefit from subsequent intervention. Expert
panel members endorsed this concept as one
relevant and consistent to that used in their
practices. Our definition of “medication regimen
complexity” and decision to use a patient-level
MRCI were both supported during the consen-
sus session when experts discussed their reason-
ing for medication regimen complexity rankings

Table 2. Concordance Expert Panel Medication Regimen Complexity with MRCI Ranking and Medication Count Ranking
(Claims and Electronic Medical Record Views)

Expert

Claims View EMR View

Weighted j Spearman’s q Weighted j Spearman’s q

MRCI
Score

Medication
Count

MRCI
Score

Medication
Count

MRCI
Score

Medication
Count

MRCI
Score

Medication
Count

Single-disease cohort (DM)
1 0.33 0.63* 0.53 0.82* 0.63* 0.25 0.82* 0.48
2 0.55* 0.25 0.82* 0.53 0.48* 0.25 0.78* 0.57
3 0.55* 0.18 0.83* 0.13 0.33 0.33 0.48 0.60
4 0.63* 0.25 0.80* 0.50 0.70* 0.25 0.90* 0.45
5 0.55* 0.33 0.77* 0.60 0.48* 0.48* 0.67* 0.72*

6 0.55* 0.18 0.77* 0.43 0.63* 0.40 0.87* 0.68*

7 0.48* 0.48* 0.77* 0.75* 0.55* 0.55* 0.70* 0.78*

Consensus 0.55* 0.33 0.85* 0.63 0.55* 0.40 0.80* 0.68*

Multiple-disease cohort (HTN, DM, HIV, GD)
1 0.55* 0.40 0.80* 0.60 0.33 0.40 0.65 0.70*

2 0.48* 0.25 0.80* 0.50 0.48* 0.25 0.67* 0.33
3 0.33 0.25 0.48 0.47 0.10 0.63* 0.30 0.83*

4 0.25 0.40 0.50 0.68* 0.25 0.48* 0.48 0.73*

5 0.55* 0.55* 0.77* 0.73* 0.48* 0.55* 0.65 0.83*

6 0.63* 0.40 0.87* 0.70* 0.55* 0.25 0.83* 0.55
7 0.33 0.55* 0.58 0.77* 0.25 0.48* 0.42 0.65
Consensus 0.63* 0.48* 0.85* 0.75* 0.40 0.55* 0.67* 0.77*

MRCI = Medication Regimen Complexity Index; DM = diabetes, HTN = hypertension; HIV = human immunodeficiency virus; GD = geriatric
depression.
*p<0.05.

Table 3. Summary of Number of Experts with Medication
Regimen Complexity Ranking in Concordance with MRCI
Ranking

Data
View

Number of
Experts of 7
in Concordance

Consensus
Ranking in
Concordance?
Yes or No

Single-disease
cohort

Claims 6 Yes
EMR 6 Yes

Multiple-disease
cohort

Claims 4 Yes
EMR 3 No

Concordance-based weighted j.
MRCI = Medication Regimen Complexity Index; EMR = electronic
medical record.
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to reach a single consensus ranking. During the
consensus session, there was extensive discus-
sion of factors that influence assessment of
patient-level medication regimen complexity
including pill burden, possible drug–drug or
drug–food interactions, age and disability issues,
and number and types of comorbid conditions,
especially as related to cognitive decline or
impairment. Our finding that more expert medi-
cation regimen complexity rankings were in
concordance with MRCI rankings than medica-
tion count rankings also supports the multifacto-
rial nature of medication regimen complexity in
a clinician’s mind and the usefulness of an index
that quantifies dosing forms, dosing frequency,
and additional administration directions.
A second implication of our study is related to

the type of information available from EMR ver-
sus claims data. When our expert clinicians had
more-detailed information regarding administra-
tion directions (essentially the third component
of the MRCI) that would be available from an
EMR, but not claims data, the number of experts

with medication regimen complexity rankings in
concordance with MRCI rankings declined. The
reason for this is not clear and warrants further
investigation. One explanation may be that there
is a point of too much information for clinicians
to synthesize. If this is true, using the MRCI to
rank medication regimen complexity could be
particularly useful for clinicians in general prac-
tice settings who are treating a wide array of
patients. Another explanation may be that there
is a point of diminishing return for additional
information that may have implications for auto-
mation of the MRCI using claims or EMR data-
bases. Because, at least in this study,
supplementary EMR data did not consistently
improve concordance, the additional effort, time,
and expense required to augment databases with
more-detailed administration directions may not
be cost effective. For example, McDonald and
colleagues spent considerable time and effort
with multiple committee meetings to first decide
how to automate the additional administration
directions section of the MRCI and then in the

Table 4. MRCI Score and Patient Metrics (N=800)

Site-Cohort

Mean (standard deviation)

MRCI Score
Medication

Count

Charlson
Comorbidity

Index

Chronic
Disease
Score

Number of
Comorbidities Age

Female
Gender
(%)

CU, geriatric depression 25.4 (11.7) 12.1 (4.9) 1.98 (1.57) 1.81 (1.88) 24.1 (9.8) 81.3 (6.1) 79
SD, geriatric depression 17.6 (10.0) 7.1 (3.7) 0.94 (1.16) 2.33 (2.90) 9.2 (6.4) 74.3 (7.4) 76
CU, diabetes 23.0 (11.6) 10.4 (5.0) 2.15 (1.13) 4.85 (2.68) 23.4 (13.1) 59.6 (13.5) 51
SD, diabetes 20.6 (11.8) 7.8 (4.3) 1.36 (1.09) 5.75 (3.54) 7.0 (4.6) 60.5 (13.6) 55
CU, HIV infection 21.8 (12.5) 10.8 (5.9) 1.84 (1.00) 1.75 (1.94) 15.7 (8.6) 49.1 (8.9) 18
SD, HIV infection 21.2 (12.7) 8.5 (5.0) 1.65 (0.88) 1.62 (2.10) 15.7 (8.9) 48.0 (10.1) 16
CU, hypertension 17.8 (9.1) 8.3 (3.8) 1.19 (1.24) 1.82 (2.20) 21.2 (12.2) 64.3 (11.7) 46
SD, hypertension 13.2 (9.6) 5.3 (3.6) 0.57 (0.88) 1.95 (2.86) 6.1 (4.4) 64.3 (14.4) 51
All cohorts 20.1 (11.7) 8.8 (5.0) 1.46 (1.24) 2.74 (2.97) 15.3 (11.3) 62.7 (15.3) 49

MRCI = Medication Regimen Complexity Index; CU = University of Colorado Anschutz Medical Campus; SD = University of California, San
Diego; DM = diabetes, HTN = hypertension; HIV = human immunodeficiency virus; GD = geriatric depression.

Table 5. Correlation of MRCI Score with Patient Metrics (N=800)

Site, Cohort

Correlation Coefficient

Medication
Count

Charlson
Comorbidity

Index

Chronic
Disease
Score

Number of
Comorbidities Age

Female
Gender

CU, geriatric depression 0.84* 0.33* 0.43* 0.46* 0.01 0.04
SD, geriatric depression 0.93* 0.21* 0.60* 0.24* �0.06 0.01
CU, diabetes 0.89* 0.42* 0.31* 0.57* 0.18 0.03
SD, diabetes 0.89* 0.26* 0.49* 0.45* 0.11 0.05
CU, HIV infection 0.92* 0.40* 0.56* 0.64* 0.25* 0.02
SD, HIV infection 0.93* 0.16 0.65* 0.32* 0.20* 0.10
CU, hypertension 0.84* 0.34* 0.40* 0.48* �0.01 0.11
SD, hypertension 0.89* 0.22* 0.55* 0.38* 0.14 0.13
All cohorts 0.90* 0.37* 0.46* 0.47* 0.08* 0.06*

MRCI = Medication Regimen Complexity Index; CU = University of Colorado Anschutz Medical Campus; SD = University of California, San
Diego; DM = diabetes, HTN = hypertension; HIV = human immunodeficiency virus; GD = geriatric depression.
*p<0.05.
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regimen coding process scanning free text fields
searching for extra administration directions.18

For the practical purpose of identifying patients
for MTM, it may be more useful to augment use
of MRCI scores with other easily coded indica-
tors of patients with complicated medication reg-
imens, such as medications on the Beers list23 for
elderly populations, medications requiring regu-
lar laboratory monitoring, or medications with
greater frequency of significant adverse events.
Finally, the MRCI is limited, by definition, to

assessing the complexity of a patient’s medica-
tion regimen. However, in this study, we
included other measures that are important in
assessing the overall level of “patient complex-
ity.” Overall patient complexity is a broader con-
cept beyond a patient’s comorbid disease states
and his/her medications that has been described
as including socioeconomic, cultural, biology/
genetic, environmental, and behavioral factors.24

Similarly, the need to assess elements of patient
complexity when considering the need for medi-
cation changes has been described as multifacto-
rial and inclusive of many of the same factors
such as clinical, comorbidities, complications,
socioeconomic, and behavioral.25 In our valida-
tion study, experts were considering medication
regimens in context of patients’ gender, age, and
comorbidities, but we did not include other fac-
tors, such as socioeconomic status (e.g., ability
to access medications) and behavioral (e.g.,
adherence patterns) that could also be included
in efforts to target patients. A recent study cre-
ated and tested a patient-reported medication
user self-evaluation (MUSE) tool that did include
nonmedication factors to identify Medicare Part
D patients who may benefit from comprehensive
medication reviews.26 While four of the seven
MUSE elements could be populated via phar-
macy claims databases (number of prescription
medications, medical conditions, pharmacies,
and prescribers), the remainder (forgot to take
medications, not filled or stopped taking medica-
tion due to cost, hospital admission within past
6 months) must be supplied by the patient or
medical claims data. Further study of a variety
of broader patient complexity factors and the
added value of including patient-reported factors
to claims-based factors versus the added cost
and effort to obtain should be conducted with
the goal of efficiently identifying patients who
are likely to benefit most from interventions to
improve the outcomes of medication usage.
We acknowledge limitations to this work.

This study was conducted using a limited num-

ber of patient cases and expert clinicians from
clinics from only two universities, so results may
differ in different patient populations or using
different clinicians. However, our sample size
was much larger than any other MRCI validation
study and our patients were drawn from multi-
ple ambulatory clinics at each university. Also,
our study was limited to patients with one of
four possible targeted disease states, although
they were not excluded for any presence or lack
of comorbidities. Results may differ in other
populations and in patients with other disease
states, although based on prior work comparing
a set of four disease-defined cohorts (GD, DM,
HTN, HIV infection), the distributions of com-
plexity scores shifted, but factors comprising
complexity were consistent (e.g., prescription

medications, dosing frequency).20 Finally, this
study used cross-sectional, retrospective data;
therefore, we were not able to assess the predic-
tive validity of the MRCI or its relationship with
longitudinal estimates, or patient-reported
adherence, or other patient-reported variables
such as their perceived difficulty in managing
their medication regimen.
Future testing should examine the relation-

ship of MRCI scores with adherence, patient
cognition, and other patient and health care uti-
lization outcomes, as well as within other care
settings (e.g., long-term care facilities) that may
have different patterns of MRCI relationships
than those observed in ambulatory clinics. Fur-
ther evaluation of the content validity of the
MRCI as a tool to identify patients who may
benefit from MTM intervention is needed
because the content validity of the MRCI has
only been assessed by clinicians, not patients
who may or may not endorse the elements of
the MRCI, but also may identify other concepts
that contribute significantly to their ability to
manage their medication regimen. If the tool
becomes useful as information at the point of
care, developing quick access to on-demand
scoring by providers or even patients may have
utility to improve care safety and effectiveness.
In conclusion, this study supported the valid-

ity of a patient-level MRCI as a tool to identify
patients who may benefit from MTM interven-
tion (e.g., to improve adherence, or risk of
drug-related events). There was a high degree of
concordance between MRCI and expert pharma-
cist rankings of medication regimen complexity,
and convergent and divergent validity of the
MRCI was supported using measures of patient
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complexity and other patient factors. The
patient-level MRCI is a valid and useful tool for
assessing medication regimen complexity that
can be used with data commonly found in
claims and EMR databases.

Acknowledgments

We gratefully acknowledge the participation and
expertise of our clinical pharmacy expert review panel
from the University of California, San Diego―Kelly C.
Lee, Candis Morello, Renu Singh, and Felix Yam―and
from the University of Colorado―Joseph J. Saseen, Ste-
ven M. Smith, and Joseph Vande Griend. We also
acknowledge pharmacy student researchers Carissa
Chan and Thien Vi (University of California San Diego)
and Sara Phoung Vu (University of Colorado). We also
acknowledge funds from The ALSAM Foundation that
supported this collaboration across Skaggs Schools of
Pharmacy (Drs. Libby and Hirsch, principal investiga-
tors).

Funding

This study was funded by the ALSAM Foun-
dation Skaggs Scholars Program grant at the
University of Colorado Skaggs School of Phar-
macy and Pharmaceutical Sciences (Dr. Libby)
and the University of California San Diego
Skaggs School of Pharmacy and Pharmaceutical
Sciences (Dr. Hirsch).

References

1. Medication Therapy Management in Pharmacy Practice. Core
Elements of an MTM Service Model. Version 2.0. 2008.Ameri-
can pharmacists Association and National Association of Chain
Drug Stores Foundation. Available from http://www.pharma-
cist.com/sites/default/files/files/core_elements_of_an_mtm_practice.
pdf. Accessed February 16, 2014.

2. CY 2014Medication Therapy Management Program Guidance and
Submission Instructions: Memo to all Part D Sponsors. Available
from http://www.cms.gov/Medicare/Prescription-Drug-Coverage/
PrescriptionDrugCovContra/Downloads/Memo-Contract-Year-2014-
Medication-Therapy-Management-MTM-Program-Submission-
v040513 .pdf. Accessed February 2 16, 2014.

3. Medicare 2014 Part C&D Star Rating Technical Notes. Available
from http://www.cms.gov/Medicare/Prescription-Drug-Cover-
age/PrescriptionDrugCovGenIn/Downloads/2014-Draft-Tech-Notes.
pdf. Accessed February 16, 2014.

4. Paquin AM, Zimmerman KM, Kostas TR, et al. Complexity
perplexity: as systematic review to describe the measurement
of medication regimen complexity. Expert Opin Drug Saf
2013;12:829–40.

5. George J, Phun YT, Bailey MJ, Kong DC, Stewart K. Develop-
ment and validation of the medication regimen complexity
index. Ann Pharmacother 2004;38:1369–76.

6. Pollack M, Chastek B, Williams S, Moran J. Impact of treat-
ment complexity on adherence and glycemic control: an analy-
sis of oral antidiabetic agents. J Clin Outcomes Manag
2010;17:257–65.

7. Correr CJ, Melchiors AC, Fernandez-Llimos F, Pontarolo R.
Effects of a pharmacotherapy follow-up in community pharma-

cies on type 2 diabetes patients in Brazil. Int J Clin Pharm
2011;33:273–80.

8. Cardone KE, Manley HJ, Grabe DW, Meolas S, Hoy CD, Bai-
lie GR. Quantifying home medication regimen changes and
quality of life in patients receiving nocturnal home hemodialy-
sis. Hemodial Int 2011;15:234–42.

9. Barnason S, Zimmerman L, Hertzog M, Schulz P. Pilot testing
of a medication self management transition intervention for
heart failure patients. West J Nurs Res 2010;32:849–70.

10. Frohlich SE, Zaccolo AV, da Silva SL, Mengue SS. Association
between drug prescribing and quality of life in primary care.
Pharm World Sci 2010;32:744–51.

11. Dierich MT, Mueller C, Westra BL. Medication regimens in
older homecare patients. J Gerontol Nurs 2011;37:45–55.

12. Mansur N, Weiss A, Beloosesky Y. Looking beyond polyphar-
macy: quantification of medication regimen complexity in the
elderly. Am J Geriatr Pharmacother 2012;10:223–9.

13. Stange D, Kriston L, Langebrake C, et al. Development and
psychometric evaluation of the German version of the Medica-
tion Regimen Complexity Index (MRCI-D). J Eval Clin Pract
2012;18:515–22.

14. Stange D, Kriston L, Von-Wolff A, Baehr M, Dartsch DC.
Reducing cardiovascular medication complexity in a German
university hospital: effects of a structured pharmaceutical man-
agement intervention on adherence. J Manag Care Pharm
2013;19:396–407.

15. Oosthuizen F, Dhoodhat E, Kazi S, Masondo B, et al. Assess-
ing the complexity of medicine regimens – A pilot study. Afr J
Pharm Pharmacol 2011;5:1863–6.

16. Moczygemba LR, Barner JC, Gabrillo ER. Outcomes of a
Medicare Part D telephone medication therapy management
program. J Am Pharm Assoc 2012;52:e144–52.

17. Elliott RA, O’Callaghan C, Paul E, George J. Impact of an
intervention to reduce medication regimen complexity for
older hospital inpatients. Int J Clin Pharm 2013;35: 217–24.

18. McDonald MV, Peng TR, Sridharan S, Foust JB, et al. Auto-
mating the medication regimen complexity index. J Am Med
Inform Assoc 2013;20:499–505.

19. Melchiors AC, Correr CJ, Fernandez-Llimos F. Translation
and validation into Portuguese language of the medication reg-
imen complexity index. Arq Bras Cardiol 2007;89:218.

20. Libby AM, Fish DN, Hosokawa PW, et al. Patient-level medi-
cation regimen complexity across chronic disease populations.
Clin Ther 2013;35:385–98.

21. Rettig SM, Wood Y, Hirsch JD. Medication regimen complex-
ity in patients with uncontrolled hypertension and/or diabetes.
J Am Pharm Assoc 2013;53:427–31.

22. Altman DG. Practical statistics for medical research. London:
Chapman and Hall, 1991.

23. American Geriatrics Society 2012 Beers Criteria Update
Expert Panel. American Geriatrics Society updated Beers Cri-
teria for potentially inappropriate medications use in older
adults. J Am Geriatr Soc 2012;60:616–31.

24. Safford MM, Allison JJ, Kiefe CI. Patient complexity: more
than comorbidity. The vector model of complexity. J Gen
Intern Med 2007;22(Suppl 3):382–90.

25. Morello CM, Hirsch JD, Lee KC. Navigating complex patient
using an innovative tool: the MTM Spider Web. J Am Pharm
Assoc 2013;53:530–8.

26. Doucette WR, Chang EH, Pendergast JF, Wright KB,
Chrischilles EA, Farris KB. Development and initial assess-
ment of the medication user self evaluation tool (MUSE). Clin
Ther 2013;35:344–50.

Supporting Information

The following supporting information is available in the online
version of this paper:

Appendix S1. Example case presentation (claims and electronic
medical record views).

PATIENT-LEVEL MRCI VALIDATION Hirsch et al 835


