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BACKGROUND:Randomized clinical trials (RCTs), mostly
conducted among minority populations, have reported
that motivational interviewing (MI) can improve medica-
tion adherence.
OBJECTIVES: To evaluate the impact of MI and of the MI
delivery format, fidelity assessment, fidelity-based feed-
back, counselors’ background and MI exposure time on
adherence.
DATASOURCES:We searched the MEDLINE database
for studies published from 1966 until February
2015.
STUDY ELIGIBILITY CRITERIA: We included RCTs that
comparedMI to a control group and reported a numerical
measure of medication adherence.
DATA SYNTHESIS: The main outcome was medica-
tion adherence defined as any subjective or objective
measure reported as the proportion of subjects with
adequate adherence or mean adherence and stan-
dard deviation. For categorical variables we calculat-
ed the relative risk (RR) of medication adherence,
and for continuous variables we calculated the stan-
dardized mean difference (SMD) between the MI and
control groups.
RESULTS:We included 17 RCTs. Ten targeted adherence
to HAART. For studies reporting a categorical measure
(n =11), the pooled RR for medication adherence was
higher for MI compared with control (1.17; 95 % CI 1.05-
1.31; p<0.01). For studies reporting a continuous mea-
sure (n=11), the pooled SMD for medication adherence
was positive (0.70; 95 % CI 0.15-1.25; p<0.01) for MI
compared with control. The characteristics that were sig-
nificantly (p<0.05) associatedwithmedication adherence
were telephonic MI and fidelity-based feedback among
studies reporting categorical measures, group MI and fi-
delity assessment among studies reporting continuous
measures and delivery by nurses or research assistants.
Effect sizes differed in magnitude, creating high
heterogeneity.
CONCLUSION:MI improves medication adherence at dif-
ferent exposure times and counselors’ educational level.
However, the evaluation of MI characteristics associated
with success had inconsistent results. Larger studies
targeting diverse populations with a variety of chronic

conditions are needed to clarify the effect of different MI
delivery modes, fidelity assessment and provision of fidel-
ity based-feedback.
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INTRODUCTION

Lack of adherence tomedications causes excess morbidity and
mortality and annual health care costs of over 1 billion.1, 2 In
the USA, 33 to 69 percent of medication-related hospital stays
were found to be due to poor adherence to medications.1 Thus,
finding strategies to improve adherence to medications has
become a global priority.
A promising approach is the use of cognitive-based behavior

strategies such as motivational interviewing (MI).3, 4 MI is a
strategy that aims to help individuals articulate and resolve their
ambivalence regarding a behavior and encourages the intrinsic
motivation to find individualized solutions.5 The use of MI has
expanded over the years from substance abuse to adherence to
HAART and more recently to adherence to other chronic med-
ications.6–8 Most studies to date have focused on minority pop-
ulations. A recent systematic review evaluated the impact of
cognitive-based behavior change techniques on adherence3 and
found them to be superior to usual care; however, this review
included multi-layer cognitive interventions and did no focus
exclusively on MI. Thus, we evaluated the impact of MI-based
interventions on adherence and the effect of the MI delivery
method, fidelity assessment, fidelity-based feedback to the MI
counselors,MI exposure time and the educational background of
the counselors. This knowledge will allow us to understand what
operational factors ofMI, if any, influencemedication adherence.

METHODS

Search Strategy

A search was conducted through the MEDLINE database by
using PubMed, which contained articles from 1966 until
February 2015. We filtered all articles except those containing
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key terms such as motivational interviewing and medication
adherence, compliance and persistence. More specifically, the
search was performed by entering: (Bmedication adherence^
[MeSH Terms] OR (Bmedication^ [All Fields] AND
Badherence^ [All Fields]) OR Bmedication adherence^ [All
Fields]) OR (Bpatient compliance^ [MeSH Terms] OR
(Bpatient^ [All Fields] AND Bcompliance^ [All Fields]) OR
Bpatient compliance^ [All Fields] OR Bcompliance^ [All
Fields] OR Bcompliance^ [MeSH Terms]) OR persistence
[All Fields] AND (Bmotivational interviewing^ [MeSH
Terms] OR (Bmotivational^ [All Fields] AND Binterviewing^
[All Fields]) OR Bmotivational interviewing^ [All Fields]). All
searches were conducted in February 2015 and were supple-
mented by manual searches of bibliographies of key relevant
articles. The protocol is available for review but was not
registered before data extraction started.

Inclusion and Exclusion Criteria

We included randomized trials that compared MI to one or
more control groups, reported a measure of medication adher-
ence in numerical form, had a follow-up period of any length
and were published in English. We excluded studies that used
MI in combination with other strategies since the isolated
effect of MI could not be determined.

Selection Criteria
Two investigators (LT and BL) reviewed the abstract of each
citation and identified abstracts for full-text review. Two pairs
of investigators (BL and LT; AP andDG) reviewed all full-text
articles and selected those that met eligibility for inclusion into
the systematic review. The interrater agreement on article
selection between the two pairs of investigators was 95 %.
After completing data collection, two investigators (LT and
AP) identified articles with comparable adherence measures
and classified them into either categorical or continuous ad-
herence outcomes for the purpose of the meta-analysis.

Data Collection

Two investigators completed the evidence tables (BL and DG)
using previously piloted data extraction forms. LT and AP
reviewed all articles in duplicate and confirmed the accuracy
of the data abstracted. Differences between the two final
reviewers were resolved by consensus among the four authors.

Primary Outcome: Definition of Medication
Adherence

We defined two types of adherence measures: self-reported
and objective. The self-reported measures included previously
validated scales that defined adherence as percent or number
of doses taken during a pre-specified period of time. Objective
measures were collected by medication event monitoring sys-
tems (MEMS) or pharmacy claims data and defined as percent
of doses taken or available during the study period or percent-
age of people with adequate adherence.1, 9 Measures could be

reported in either continuous or categorical form. Continuous
measures were defined as a mean with standard deviation.
Categorical measures were defined as the proportion of sub-
jects with adequate adherence. Adequate adherence was de-
fined as taking or having medication for 80 to 100 % of the
time depending on the study.9

Definition of Motivational Interviewing

We considered an intervention MI if the methods specifically
described MI or the MI principles as the main strategy of
counseling for that arm.5 MI is a clinical method of guiding
patients to make changes in the interest of their health by
eliciting the patient’s own motivation for change.5

Definition of MI Intervention Characteristics
MI delivery mode: We classified delivery into telephonic,
in-person individual, group or mixed delivery if two or more
approaches were used for the majority of participants.
Fidelity: This was considered present when the authors
reported a sampling strategy for the encounters and a
structured tool to measure fidelity.10

Fidelity-based feedback: This was considered present when
the authors reported that feedback was given on the MI
principles or skills.
Background of counselors: We classified the counselors
delivering the intervention according to their level of
education or background.
Exposure time: To assess the effect of time we divided the
duration of the MI encounters into tertiles as there is no
known cutoff to assure efficacy and calculated the RR and
SMD stratified by tertiles.11

Quality Evaluation

We used the PRISMA guidelines to evaluate quality.12 For
evaluation of the risk of bias at the study level we used data
abstraction forms to collect: concealment of allocation, loss to
follow-up, intention to treat, success of randomization, sample
size calculation, missing data, recall and measurement bias,
and reporting of outcomes outlined in the methods. Four
investigators were responsible for completing the quality eval-
uation (BL, LT, DG, JT). Differences between the reviewers
were resolved by consensus (lead by AP), and we calculated
the interrater agreement. We evaluated risk of bias across
studies by identifying selective reporting and publication bias.
We used Begg’s funnel plot and Egger’s regression asymmetry
test to evaluate publication bias.13

Statistical Analysis

We reported relevant baseline characteristics as median values
with the interquartile range (IQR). To assess for heterogeneity
across studies, we used the Cochran Q chi-square statistic and
the I-squared statistic. We defined heterogeneity as an I-
squared greater than 50 %.
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For the quantitative analysis we used Stata 12 (StataCorp
LP, College Station, TX). Our initial analysis included all
studies that reported at least one follow-up time point of
medication adherence; when studies reported multiple time
points we used the longest follow-up measure. Because we
included studies reporting categorical or continuous medica-
tion adherence measures we stratified the analysis. Studies that
reported continuous and categorical measures were included
in both types of analyses. For categorical measures we calcu-
lated the relative risk (RR) of being adherent with the respec-
tive 95 % confidence intervals (CIs) and p-values for all
studies. Because of significant heterogeneity we used the
DerSimonian and Laird random-effects model to calculate
the pooled RR. For continuous measures we calculated the
standardized mean difference (SMD) subtracting the mean
measure of adherence in the MI intervention arm minus the
mean measure of adherence in the control arm for each study.
Therefore, a positive SMD indicates a higher adherence for
those in the MI arm. We then calculated the pooled SMD for
all studies using the DerSimonian and Laird random-effects
model.
Weights for the pooled statistics were calculated using

sample size for both continuous and categorical measures of
adherence.
If heterogeneity was identified, we evaluated its determi-

nants by including the suspected variables into a
metaregression model.14 The metaregression model included
the log of the relative risk of adequate adherence as the
dependent variable and MI delivery method, fidelity assess-
ment, fidelity-based feedback and counselors’ background as
the independent variables.

RESULTS

Literature Search

Our search yielded 336 abstracts. We excluded 270 studies at
the abstract level and selected 66 for full-text review; of the 66
selected for full text review, we excluded 49 and included 17
studies. Figure 1 describes reasons for exclusion.

Quality of the Studies and Evaluation of Bias

Our study level bias evaluation revealed that all studies report-
ed outcomes outlined in methods, nine studies did not report
concealment of allocation, six did not report ITT analyses,
nine had no sample size calculations, and eight were under-
powered including six that were pilot studies.15–20

Studies that did not mention ITT15, 16, 20–23 required follow-
up visits for outcome ascertainment and used all available data
for comparisons of the randomized arms. Loss to follow-up in
any arm ranged from 1% to 33 % (Table 1) with seven studies
surpassing 20 %.16, 17, 18, 20, 22, 24, 25 One study did not report
loss to follow-up by study arm,21 one had differential loss,16

and three did not comment on differences in baseline

characteristics by study completion status.16, 17, 21 Thirteen
reported no differences in characteristics by completion status,
and one reported that subjects lost to follow-up in the MI
group had a trend toward more depressive symptoms.15

Of studies with objective adherence measures, seven report-
ed having missing data,18, 19, 25–29 but only two studies had
missing data in more than 20 % of the sample.18, 28 All
described this occurrence as non-differential among study
arms. All but one study24 compared baseline characteristics
between arms. All had balanced groups or adjusted for minor
differences. Only a pilot study by Holstad et al.16 was unable
to address a difference in distribution in tribal origin that could
influence the adherence measure.
The most common limitations reported by authors regard-

ing threats to validity were: generalizability, inclusion of sub-
jects with high adherence at baseline,18, 20, 24, 25, 28, 30, 31 lack
of statistical power,15–19, 28, 30, 32 and recall bias and social
desirability for studies reporting only self-reportedmeasures16,
23 and including only subjects with low adherence leading to a
recruitment challenge.17 The authors offered adequate expla-
nations on how they dealt with these limitations with the
exception of social desirability, which remains as a possible
source of bias for those two studies.
Even though no study had differential challenges measuring

adherence, many authors commented on the pitfalls of the
different strategies, in particular the challenges of using
MEMS.17, 18, 20, 22, 26, 30

Baseline Characteristics of the Studies

Table 1 reports the baseline characteristics of the studies. The
17 studies randomized 1,376 subjects into the MI group and
1,153 subjects to the control group. Fourteen of the 17 studies
were conducted in the US. Thirteen studies14 were conducted
in outpatient clinics caring for the population of interest, most
commonly in large metropolitan areas. Studies that used
telephone-based MI exclusively identified eligible subjects
from either a registry21 or from health or pharmacy benefit
programs.27, 32 The most commonly evaluated medications
were highly active antiretroviral therapy (HAART). Among
the 13 studies that reported race/ethnicity, 12 focused on
minorities and 1963 individuals (48 %) belonged to a racial
minority. The median age of the population was 43 IQR
years33–39, the median percentage of women included in the
studies was 65 % IQR (35–86), and the median percentage of
unemployed participants was 49 % IQR (32–83).

Description of the Motivational Interviewing
Intervention

Table 2 describes details of the intervention and control
groups. Most studies included an adequate description of MI
and the intervention procedures. The authors reported using
known MI strategies and many described topics for specific
sessions. Of the 17 retained studies, 8 delivered the MI ses-
sions individually in person, 3 had a group MI format, 3 were
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exclusively delivered over the phone, and 3 had a mixed
approach.
The intervention lasted 3 months or less in eight of the

studies and from 4 to 12 months in nine of them. The frequen-
cy of the MI sessions ranged from 1 week apart to 12 weeks
apart for those studies with longer intervention periods. Ten
studies scheduled more than one MI encounter during the first

month of the study. Eleven studies reported the intended
duration of each MI encounter, which ranged from 30 min to
2 h (for group MI). Most of the studies described MI encoun-
ters lasting 45 to 60 min.
Three studies provided additional materials to the MI

groups. These included video or audiotapes, educational ma-
terials, calendars or journals.

Figure 1. Flowchart of included and excluded studies

932 Palacio et al.: Motivational Interviewing Improves Medication Adherence JGIM



Description of Medication Adherence

Table 2 reports the tools used to measure adherence, the
definition of adherence used, the measurement time points
for each study and whether the measure was reported in
categorical or continuous format. Medication adherence ascer-
tainment and reporting were heterogeneous across studies. Of
the 17 studies, 7 used only an objective adherence measure, 6
used only self-reported measures, and 4 reported both types of
measures. Of the 11 studies that had an objective measure of
adherence, 6 used MEMS while 5 used pharmacy claims data
to capture adherence. The self-reported measures varied more
and included a number of validated tools to estimate mean
adherence or percent of subjects with adequate adherence over
a previous set of days that ranged from 4 to 30 days. Eleven
studies reported the adherence measures in categorical form
and 11 in continuous form, and 5 reported both types. The
median follow-up for the evaluation of adherence was
6 months IQR.4–10, 12, 13

Quality of Motivational Interviewing

Table 3 summarizes the training, fidelity assessment and
fidelity-based feedback reported by each study. These are
considered key quality metrics for MI.5 Ten studies reported

the amount of time dedicated to MI training at baseline, which
ranged from 4 to 40 h. Most studies reported approximately
24 h of training. Regarding MI fidelity assessment, 9 of the 17
studies used a validated assessment tool among a random
sample of encounters, and 3 described a similar process with-
out mentioning a specific tool. Ten of these studies reported
providing fidelity-based feedback and booster MI trainings.
Five studies described quality assurance methods that did

not directly assess the fidelity of the MI.

Meta-analysis results
Publication Bias. We did not detect publication bias using
Begg’s funnel plot, and the beta-coefficient of the regression
asymmetry was not significant (-0.009 with a p-value of 0.81).

Impact of MI on Medication Adherence

For studies reporting the proportion of patients with adequate
adherence (n=11) the pooled RR of being adherent for MI
was 1.17 (95 % CI 1.05–1.31; p<0.01) when compared to the
control group.
For studies reporting a continuous measure (n=11), the

SMD was 0.70 (95 % CI 0.15–1.25; p<0.01) for MI when
compared to the control group.

Table 1 Baseline Characteristics of the Included Studies

Author Disease/medication Sample size Age Females, % Minorities,% Loss to follow-up%

Berger21 Multiple sclerosis/Avonex 212 45.6±9.1 83 NR 15.6
Dilorio20 HIV/HAART 107 41 ± 6.9 34 94 MI:25

CG:0
Goggin2520 HIV/HAART 70 41 ± 9.6 29 79 MI:15

CG:21
Golin22 HIV/HAART 68 39.9 ± 8.7 31 86 MI:23

CG:25
Holstad26 HIV/HAART 101 43.5 ± 9.1 100 94 MI:12

CG:8
Holstad16 HIV/HAART 28 31 ± 5.3 100 100 MI:6.7

CG:33
Ingersoll17 HIV/HAART 19 44 ± 5.1 63 94.8 MI:25

CG:18
Interian19 Depression/antidepressants 26 40.2 ± 10.8 73 100 MI:12

CG:12
Konkle-Parker15 HIV/HAART 33 34.9 ± 7.4 36 82 MI:15

CG:17
Lavoie18 Asthma /ICS 26 52 ± 15.0 50 NR MI:27

CG:21
Ogedegbe29 Hypertension/antihypertensives 95 53.4 ± 11.3 50 100 MI:3

CG:10
Palacio27 Cardiovascular/antiplatelet 227 69.1 ± 8.6 44 100 MI:6

CG:7
Parsons24 HIV/HAART 65 43.6 ± 6.9 21 94 MI:18

CG:13
Pradier23 HIVHAART 123 40 [35–49] 29 NR MI:<1

CG:<1
Samet28 HIV/HAART 74 42.5 ± 7.9 22 66 MI:4

CG:9
Solomon32 Osteoporosis 1050 77.8 ± 6.4 94 10 MI:9

CG:1.5
Zwikker31 Rheumatoid arthritis/DMD 63 60.4 ± 12.1 67 NR MI:16

CG:2

NR: not reported
ICS: Inhaled corticosteroids
DMD: Disease-modifying drugs
MI: Motivational interviewing
CG: Control group
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Table 2 Description of the Motivational Interviewing Characteristics and Adherence Measures

Author MI delivery
mode

Definition of
adherence/ evalua-
tion time points/ var-
iable type

MI description and exposure
time to MI

Control description Interventionist

Berger21 Telephone
counseling

SR
Discontinuation of
treatment at 3 months
Continuous

Software-guided MI calls
every 2 to 4 weeks for 3
months depending on stage of
readiness. MI exposure not
specified

Access to call center via toll-
free hotline

Three members of the
call center

Dilorio20 Individual
counseling
and telephone
as needed

MEMS
% Doses taken
% Doses taken on
time
At 3, 6 and 12 months
Continuous

Five MI sessions over 3
months. Eighty percent held in
person and lasted on average
between 20-90 min. Telephone
sessions (for sessions 2–5)
were conducted as needed for
participants who were unable
to meet the counselor in the
clinic. Minimum exposure
time: 170 min (median)

Usual adherence education
provided at the clinic

Study nurses trained in
MI

Goggin25 Individual and
telephone calls

EDM
-% Doses taken
-% Doses taken on
time
At 3, 6, 9 and
12 months
Continuous

Six MI counseling sessions
(weeks 0, 1, 2, 6, 11 and 23)
and 4 telephone sessions
(weeks 4, 9, 15 and 19). On
average, sessions lasted 25
min. Average exposure 150
min

Medical care and counseling
as usual from their clinic
providers

Master’s degree level
trained by a licensed
clinical psychologist

Golin22 Individual
counseling

CAS: pill count, SR
EDM:
>95 % adherent
-mean adherence
-% Doses taken
At 3 months
Continuous and
categorical

During 12 weeks subjects
received a 20-min audiotape
and booklet, two MI sessions
at weeks 4 and 8, and a
mailing 2 weeks after each
session. Exposure time: not
reported

Similar format but providing
only general HIV information
without using MI techniques

Master’s degree level
health educator

Holstad16 Group
counseling

MEMS Track-caps:
-% Doses taken
-% Doses taken on
schedule
At 3 and 6 months
Categorical

Eight 1.5– 2 h group MI
sessions during 9 months.
MI Exposure time: 720–960
min

1.5–2-h sessions on nutrition,
exercise, stress reduction and
women’s health

Trained MI nurses

Holstad26 Group
counseling

SR: AGAS, VAS and
ACTG scales:
Mean adherence
-proportion of doses
taken in prior 30 days
-never missing in
30 days
At 6 months
Continuous and
categorical

Eight 1.5–2-h MI group
sessions during 6-month MI
exposure: 720–960 min

Eight 1.5–2-h health
education sessions focusing
on nutrition, exercise, stress
reduction and women’s
health

Health workers

Ingersoll17 Individual
counseling

SR: 14-day TLFB:
% Pills taken per day
At 3 and 6 months
Continuous

6 MI sessions plus feedback
and skills building over 8
weeks. Each session lasted
between 45 and 60 min. MI
exposure 270–360 min

Equivalent time to offer
information about HAART
and crack cocaine use

Master’s or doctoral
degree in clinical
psychology, social
work or counseling

Interian19 Individual
counseling

MEMS Cap and
Medication Taking
Scale:
% Doses taken
At 5 weeks and
5 months
Continuous

Three 60-min MI sessions
during 5 months.
MI exposure: 180 min

Pharmacotherapy, as well as
some psychotherapy
treatment

Clinical psychologist
and psychology
doctoral students

Konkle-
Parker15

Individual
counseling and
telephone calls

SR: 3- to 4- week
adherence recall by
VAS
Pharmacy refill rate
>90 % adherent
At 26 weeks
Continuous

Two 30–60 min sessions with
the PI at weeks 1 and 2 and
then six telephone call sessions
tapering during 24 weeks.
Telephone sessions averaged
less than 10 min. MI exposure:
120 min

Usual care PI and a nurse
practitioner trained in
MI

Lavoie18 Individual % Pharmacy refills
Mean change in
percent of refills
At 6 and 12 months
Continuous

Three to five individual 15–30-
min sessions over a 4–6-week
period. The educator and
patient decided together if
more than 3 sessions were
needed. MI exposure time: 60
to 150 min

Standard of care Psychologist trained in
motivational
interviewing

(continued on next page)
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There was statistical heterogeneity (I-squared >50 % and

p<0.01) for both types of adherence measures. The main

reason for the heterogeneity was the MI delivery mode as

reflected by its beta coefficient in the metaregression model

(0.11; 95 % CI 0.06–0.17, p<0.01).

The Effect of MI Intervention Characteristics
on Adherence

Table 4 summarizes the results of the subgroup analyses.
Individual and mixed MIs were not superior to the control

intervention at improving adherence. Phone-based MI im-
proved adherence measured categorically and group MI im-
proved adherence measured continuously. These latter analy-
ses had small between-studies variance in effect size compared
to telephonic continuous and group categorical measures that
had larger differences, although with the same directionality
(Fig. 2a and b).
MI was superior to the control group among studies that

used a fidelity assessment tool and reported continuous adher-
ence measures. Providing fidelity-based feedback was superi-
or among studies reporting categorical measures.

Table 2. (continued)

Author MI delivery
mode

Definition of
adherence/ evalua-
tion time points/ var-
iable type

MI description and exposure
time to MI

Control description Interventionist

Ogedege29 Individual
counseling

MEMS pill caps
% Adherent at
12 months
Categorical

30–40-min MI sessions at 3, 6,
9 and 12 month
MI exposure time: 120 min

Usual care Trained RAs

Palacio27 Telephone Pharmacy claims data
-MPR
-MPR ≥80 %
Self report: MMAS-4
At 12 months
Continuous and
categorical

Four 20–30-min sessions
during a 12-month period
(calls every 3 months)
MI exposure: 80 to 120 min

Mailed educational DVD MI-trained nurses

Parsons24 Individual SR: 14-day TLFB
% Doses taken
% Days with perfect
adherence
At 3 and 6 months
Categorical

Eight 60-min sessions over a
period of 12 weeks
The first session delivered
immediately on completion of
the baseline assessment.
MI exposure time: 480 min

8 Sessions to give
information on HIV, HAART
and alcohol

Master’s degree
prepared counselors

Pradier23 Individual
counseling

SR: 4-day recall
% Adherent at
6 months
Categorical

Three 45–60-min MI sessions
at months 0, 2 and 4.
MI exposure time 135-180 min

Clinical follow-up every 2– 3
months

Trained nurses

Samet28 Individual
counseling

SR: 3- and 30-day
ACTG scale
-mean 30-day adher-
ence
-95 % adherent in last
30 days
At 2–6 and 12–13
months
Categorical

Initial 60-min individual, a
follow-up home visit within
the first 3 weeks, and 2 subse-
quent 15–30-min appointments
at 1 month and 3 months.
MI exposure time: 90–120 min

Standard care for HIV
infection, included verbal and
written instructions about
optimal medication

Nurse trained in MI

Solomon32 Telephone
counseling

Median MPR
MPR>80 %
At 12 months
Continuous and
categorical

Ten phone-based MI sessions
during 12 months
MI exposure: not specified

Mailed educational materials Health educators

Zwikker31 Group
counseling

SR: CQR and MARS
MPR
% Adherent
At 6 and 12 months
Categorical

Intervention consisted of two
MI-guided group sessions (1
week apart)

Brochures about DMARDS
they were using

Pharmacists

SR: Self report:
MEMS: Medication Event Monitoring System
CAS: Composite adherence score
EDM: Electronic drug monitor
AGAS: Anti-retroviral medication General Adherence Scale
VAS: visual analog scale (VAS)
ACTG: adherence questionnaire
14-TLFB: 14-day timeline follow-back
MMAS-4: 4-item Morisky Medication Adherence Scale
MPR: Medication possession ratio
CQR: Compliance Questionnaire Rheumatology
MARS: Medication Adherence Report Scale
DMARDS: disease modifying anti-rheumatic drugs
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Table 3 Description of MI Training, Fidelity Assessment and Fidelity-Based Feedback

Author MI training Fidelity assessment Fidelity-based feedback

Berger21 8-h baseline training including use of
software and case scenarios

No No

Dilorio20 Investigators who are psychologists
provided 24 h of in-class presentation of
MI theory and methods and practice ses-
sions. Following these sessions, the nurses’
skills were tested using a standardized
patient approach

Yes. A psychologist and graduate
students trained in MI counseling
evaluated MI tapes and coded them for
fidelity using a structure coding form.
These were used to assess MI nurses
adherence to MI script and MI skills

MI nurses met every other week to discuss
recent MI sessions and other relevant
study issues. Periodic booster MI sessions
were held

Goggin25 Counselors were master’s level
professionals trained and supervised by a
licensed clinical psychologist.

Yes. All sessions were recorded and a
random sample was coded for fidelity
using a 26-item coding scheme with a 7-
point scale ranging from poor to excellent

Counselors received ongoing weekly
supervision of a random sample of
selected audiotapes

Golin22 Counselors received 24 h of training over a
2-month period, conducted by members of
the MI Network of Trainers. A standardized
MI guide composed of 7 main steps was
used

No. Not by an independent rater. At the
end of each MI session, counselors
recorded the content of the 7 protocol
steps on an MI data recording sheet

No

Holstad16 24 h of training during a 1-week period and
booster MI training throughout the study.
Included MI theory and practice, HIV and
ART information and group management
skills. The MI training included role play
and two videotaped interviews with stan-
dardized patients

Yes. All MI and control group sessions
were videotaped and were reviewed by a
therapist trained in MI. This rater used a
structured coding form to evaluate the
fidelity of the intervention in a sample of
20 % of the group sessions

MI trainer provided individualized
feedback to the standardized patient
interviews. No feedback mentioned for the
live sessions

Holstad26 Same as above but without the two
videotaped sessions

No. Not by independent rater. Study
subjects evaluated each session for the
use of MI

No

Ingersoll17 The supervisors and principal investigator,
all members of the motivational
Interviewing Network of Trainers,
facilitated the training and supervision of
therapists. Therapists also attended external
MI workshops and trainings

Yes, but unknown tool. All sessions were
audio- or videotaped, and these were used
in weekly group and individual supervi-
sion.
Fidelity was assessed during weekly
supervision of therapists conducting the
interventions via review of videotaped
sessions

Not mentioned.

Interian19 Not mentioned Yes. Fidelity was assessed with the MITI
Scale. An independent rater scored each
of the first two sessions for each META
participant

Not mentioned

Konkle-
Parker15

The interventionist was trained in MI at
baseline

Yes. An MI expert coded a random 10 %
sample of the audiotapes using the MITI
2.0 Scale

Ongoing field monitoring throughout the
study

Lavoie18 Psychologist who delivered the MI
intervention received 2-day intensive MI
workshop training from an accredited MI
Network Trainer

Yes. All intervention sessions were
audiotaped and a random 10 % were
evaluated by an independent MI expert
using the Motivational Interviewing Skill
Code

An MI-trained clinical psychologist su-
pervised and provided feedback on a
biweekly basis

Ogedegbe29 Experienced MI trainers conducted two 8-h
training sessions the first year and a 1-day
booster session yearly thereafter. It included
lectures and role-plays

Yes, but unknown tool. All sessions were
audiotaped, and fidelity was assessed on
an ongoing basis by a trained rater

The rater provided feedback to the RAs
based on the audiotape recordings

Palacio27 3-Day workshop conducted by an
experienced MI trainer and by a specialist
in the MITI Coding system. Nurses also
received 1-week training on coronary artery
disease, antiplatelet medications, predictors
of adherence and study-specific protocols

Yes. To assess study fidelity, an MI
specialist audited 10 % of randomly
selected phone calls and used MITI to
code for the degree of empathy, direction,
and MI techniques employed by the
nurses

The MI specialist met once per month
with the nursing supervisor and nurses to
provide feedback on the calls and discuss
strategies to improve further competencies
and skills

Parsons24 Counselors completed significant training
in MI

Yes. Fidelity to the intervention was
maintained through videotaped review of
10 % of each therapist’s sessions, using
the MITI scale

Counselors received supervision
throughout the project, but it was not
mentioned if it was linked to the fidelity
tool

Pradier23 Psychologists who were part of the research
team conducted a 5-day intensive MI
training course

No. A clinical supervisor reviewed
regularly the written material filled out by
the nurses for each session. However, no
objective fidelity assessment tool was
used

Each month, each nurse had a supervision
session with psychologists to discuss
difficulties faced and potential solutions

Samet28 The nurse had prior HIV and substance
abuse expertise and was specifically trained
in motivational interviewing to address
substance abuse and HIV medication
adherence

No. The same nurse delivered all nursing
interventions and, after each session,
recorded if the pre-specified components
of the adherence intervention had been
delivered. No independent MI fidelity
assessment mentioned

A nurse experienced in HIV and substance
abuse observed 3 sessions to give
feedback on the pre-specified elements of
the intervention but not on MI skills

Solomon32 Half-day training at baseline, including
role-playing and lectures. MI reinforced via
1-2 teleconferences a month with a behav-
ioral scientist

Yes, but unknown tool. Sample of calls
were recorded, reviewed and graded by
an MI expert 3 times during entire study
period

The trainer gave structured feedback to the
health educators using an assessment tool

(continued on next page)
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Stratifying the analyses according to the background of the
interventionist revealed that MI improved adherence when
delivered by nurses or research assistants with no specific
degree. Interventions that used master level educators, psy-
chologists or pharmacists did not show a significant MI ef-
fect.17, 22, 24, 25

Duration of MI exposure did not impact adherence. Using
generalized least square regression, the exponentiated beta-
coefficient of change by tertiles of MI exposure was 0.90
(95 % CI 0.77–1.27; p=0.93).
Among studies reporting an objective measure of adher-

ence, the pooled RR of being adherent was 1.13 (95 % CI
1.01–1.28; p=0.03) for theMI intervention when compared to

the control group. The pooled RR of being adherent for MI
compared to the control intervention was 1.15 (95 % CI 1.03–
1.28; p=0.01) among studies that used self-reported scales to
ascertain adherence.

DISCUSSION

Our study reveals that MI improves medication adherence
particularly among minority populations; however, the analy-
sis of MI characteristics associated with this improvement had
inconsistent results. This was due to the variability in adher-
ence measures that required further stratification of the

Table 3. (continued)

Author MI training Fidelity assessment Fidelity-based feedback

Zwikker31 No details of training Yes, 4 of 9 pairs of sessions were
randomly audio-recorded. An
independent assessor used the BECCI
instrument to check MI ’ambiance’

Not mentioned

MITI: Motivational Interviewing Treatment Integrity
ART: Antiretroviral therapy

Table 4 Point Estimates of the Different MI Characteristics on Medication Adherence

Studies reporting medication adherence as a categorical variable Studies reporting medication adherence as a
continuous variable

Effect of MI by delivery mode
Variable N I2 RR 95 % CI p-value N I2 SMD 95 % CI p-value
Individual 5 56 1.16 0.98–1.38 0.07 5 93 0.80 -0.06–1.16 0.06
Telephonic 3 62 1.13 1.02–1.25 0.02 3 93 0.92 -0.41–2.25 0.17
Group 3 98 1.55 0.54–4.44 0.41 1 N/A 1.15 0.53–1.77 <0.01
Mixed 0 3 79 0.25 -0.27–0.77 0.35

Effect of MI by fidelity assessment
Fidelity tool 7 87 1.17 0.99–1.36 0.07 10 97 0.77 0.19–1.33 <0.01
No fidelity tool 4 85 1.27 0.97–1.67 0.08 1 N/A 0.00 -0.40–0.40 1.0

Effect of fidelity-based feedback
MI feedback 3 24 1.17 1.04–1.31 <0.01 5 98 0.60 -0.16–1.3 0.12
No MI feedback 8 88 1.16 1.00–1.31 0.03 6 92 0.78 0.02–1.54 0.04

Effect of MI by counselor background
Nurse 4 71 1.32 1.04–1.68 0.02 4 45 0.30 0.07–0.52 <0.01
Psychologist 0 3 95 1.39 -0.49–3.20 0.14
Master level 2 85 1.37 0.55–3.39 0.49 2 49 -0.001 -0.26–0.26 0.99
Pharmacist 1 N/A 0.95 0.89–1.01 0.13 0
Research Assistant 4 40 1.12 1.02–1.23 0.01 2 97 1.58 1.48–1.69 <0.01

Effect of MI by tertiles* of exposure time
Brief MI exposure 3 0 1.23 1.08–1.50 <0.01 3 0 0.19 0.02–0.35 0.02
Moderate MI exposure 2 65 1.10 0.91–1.33 0.34 3 79 0.28 0.05–0.50 0.05
Longest MI exposure 3 81 1.55 0.89–4.24 0.09 3 94 1.28 0.88–1.6 <0.01

N: Number
I2: I squared
RR: Relative risk
SMD: Standardized mean difference
N/A: Not applicable
MI: Motivational interviewing
*Description of tertiles: Categorical: tertile 1 (0–120), tertile 2 (121–480), tertile 3 (>481). Continuous: tertile 1 (0–90), tertile 2 (91–170), tertile 3
(>170)
Individual MI: categorical (22–24, 29, 30), continuous (17–19, 22, 29); telephonic studies: categorical (21, 28, 33), continuous (28, 33) (20); group MI:
categorical (26, 32, 50), continuous (27); mixed MI: continuous (15, 25); fidelity assessment: categorical (22, 24, 27, 28, 30, 32), continuous (15, 15,
17–20, 22, 25, 27, 28, 33); no fidelity assessment: categorical (21, 23, 26, 29), continuous (29); fidelity-based feedback: categorical (28, 30, 33),
continuous (15, 18, 20, 33, 51); no fidelity-based feedback: categorical (21–24, 26, 27, 29, 32), continuous (19, 22, 25, 27, 29, 34)
Background of counselors: nurses: categorical (23, 26, 28, 29), continuous (15, 20, 28, 29); psychologist: continuous (17–19); pharmacists: categorical
(32); master level: categorical (22, 24), continuous (22, 25); research assistant: categorical (16, 21, 30, 33) (21, 27, 30, 33) (21, 27, 30, 33)(21, 27, 30,
33) (21, 27, 30, 33) (22, 38, 40, 43), continuous (26, 33)
MI exposure time: tertile 1: categorical (28–30), continuous (18, 28, 29); tertile 2: categorical (23, 24), continuous (15, 20, 25); tertile 3: categorical
(26, 27), continuous (17, 19, 26)
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Figure 2 Effect of MI on adherence by the method of delivery of MI using (a) the proportion of subjects with adequate adherence (b) mean and
standard deviation of the MI and control group
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analyses and the small samples of many studies that led to
significant heterogeneity in effect size. MI characteristics as-
sociated with improved medication adherence were delivery
by nurses or research assistants, telephonic MI and fidelity-
based feedback among studies reporting categorical measures
and groupMI and fidelity assessment among studies reporting
continuous measures.
Improving medication adherence is challenging given the

complexity of its determinants and the heterogeneous adher-
ence definitions.15, 40, 41 Minority and vulnerable populations
are at an even higher risk of non-adherence.42–44

MI has been effective at improving medication adherence;5

however, the characteristics associated with efficacy have not
been studied.33 This review suggests that primary care prac-
tices and community outreach clinics are effectively
implementing and testing MI interventions.34 However, we
found heterogeneity in delivery modes, number of training
hours, fidelity assessment and provision of feedback, MI
exposure time and outcome measurement.
When considering delivery modes, others had previously

found phone-basedMI to be promising,35 but the heterogeneity
in quality and adherence measures limited their conclusions.
Our meta-analyses found phone-based MI to be superior to
usual care among RCTs only among studies reporting a cate-
gorical adherence measure, which had a more consistent effect
size. The significantly larger effect size of Solomon et al.,32

which reported a continuous measure, created heterogeneity
that led to nonsignificant results. Similar limitations occurred
in the in-person and group analyses in which Interian et al.19

and Holstad et al.26 also had larger effect sizes. It is important
to clarify the efficacy of different MI delivery modes36 since
they could improve MI’s cost-effectiveness and reach among
populations with access barriers. Solomon and Palacio et al.27,
32 used administrative pharmacy claims and a phone-based
delivery mode to identify and reach a large number of eligible
subjects over wide geographic areas. Group- or peer-led MI
could offer a more comfortable environment for subjects re-
luctant to participate in one-on-one sessions.37

The evaluation of fidelity has been considered a marker of
MI quality.5 Our study suggests that not evaluating MI fidelity
is associated with a lack of impact on adherence. A limitation
is that only a few studies did not report having fidelity assess-
ment. Interestingly, even when most studies assessed fidelity,
not many reported providing fidelity-based feedback, suggest-
ing a need to evaluate in more depth the mechanisms by which
fidelity improves the quality of MI.
As reported by others,3 level of education did not correlate

with MI efficacy as the counselors associated with improved
adherence had significantly different levels of education. This
highlights the importance of MI training and the need to
evaluate other innate counselors’ characteristics that may be
predictive of success. Similarly, total MI exposure time did not
correlate with MI efficacy. However, the impact of MI fre-
quency or overall program duration was not evaluated. More

studies need to evaluate the sustainability and the long-term
effect of MI.
Our study has several strengths. It furthers the knowledge

that MI is effective at improving medication adherence3 by
offering a rigorous evaluation of randomized control trials that
focus exclusively on MI. Prior adherence studies have faced
the challenge of short follow-up periods, low minority repre-
sentation and lack of objective measures of adherence.38, 39

The current review included studies with objective measures
of adherence, large proportion of black subjects, wider range
of follow-up and studies with repeated measures of adherence
that allowed evaluating a possible dose effect.45

Our study has several limitations. First, most of the studies
recruited black populations preferentially, and the percentage
of studies focusing on non-minority subjects was low. The
authors did not offer a rationale for the populations selected.
Second, most of the interventions targeted antiretroviral med-
ications limiting the generalizability of the results. However,
most of the non-HIV studies showed MI as superior to the
control group as well. Third, the power of our analyses was
limited by the small sample sizes of many studies and the small
number of studies in some of the subgroup analyses particu-
larly when the between-study variance was large. Fourth,
adherence measures were heterogeneous requiring stratifica-
tion for analyses. Fifth, the recruitment of subjects with ade-
quate baseline adherence could have impacted the effect size of
MI and finally the internal validity of the studies could be
threatened by quality issues such as large attrition rates, small
sample sizes and missing data. However, most studies did
report or conducted intention-to-treat analyses, used all data
available and had balanced groups by completion status.
In summary, MI improves self-reported and objective mea-

sures of adherence to chronic medications after different lengths
of exposure; however, the current evidence does not allow
identifying consistent predictors of success. Larger studies are
needed to confirm the efficacy of different delivery modes,
fidelity assessment and feedback among diverse populations
with a variety of chronic conditions. Efforts should be made to
standardize the monitoring of adherence to chronic medications.
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