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Background: A validated tool to assess adherence with inhaled corticosteroids (ICS) could help physicians and researchers
determine whether poor asthma control is due to poor adherence or severe intrinsic asthma.

Objective: To assess the performance of the Medication Adherence Report Scale for Asthma (MARS-A), a 10-item,
self-reported measure of adherence with ICS.

Methods: We interviewed 318 asthmatic adults receiving care at 2 inner-city clinics. Self-reported adherence with ICS was
measured by MARS-A at baseline and 1 and 3 months. ICS adherence was measured electronically in 53 patients. Electronic
adherence was the percentage of days patients used ICS. Patients with a mean MARS-A score of 4.5 or higher or with electronic
adherence of more than 70% were defined as good adherers. We assessed internal validity (Cronbach �, test-retest correlations),
criterion validity (associations between self-reported adherence and electronic adherence), and construct validity (correlating
self-reported adherence with ICS beliefs).

Results: The mean patient age was 47 years; 40% of patients were Hispanic, 40% were black, and 18% were white; 53% had
prior asthma hospitalizations; and 70% had prior oral steroid use. Electronic substudy patients were similar to the rest of the
cohort in age, sex, race, and asthma severity. MARS-A had good interitem correlation in English and Spanish (Cronbach � �
0.85 and 0.86, respectively) and good test-retest reliability(r � 0.65, P�.001). According to electronic measurements, patients
used ICS 52% of days. Continuous MARS-A scores correlated with continuous electronic adherence (r � 0.42, P�.001), and
dichotomized high self-reported adherence predicted high electronic adherence (odds ratio, 10.6; 95% confidence interval,
2.5–44.5; P � .001). Construct validity was good, with self-reported adherence higher in those saying daily ICS use was
important and ICS were controller medications (P �.04).

Conclusions: MARS-A demonstrated good psychometric performance as a self-reported measure of adherence with ICS
among English- and Spanish-speaking, low-income, minority patients with asthma.
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INTRODUCTION
Daily use of inhaled corticosteroids (ICS) is the foundation of
evidence-based management of persistent asthma.1,2 Unfortu-
nately, suboptimal adherence with ICS is well documented.3–7

Adherence with ICS is lower among minorities, and these

lower rates of ICS use are thought to contribute to higher
asthma morbidity and mortality rates in inner-city communi-
ties.5–11

From a clinical perspective, it can be difficult to deter-
mine whether poor asthma control is due to inadequate
adherence with ICS or reflects severe intrinsic asthma
despite adherence with therapy. Ascertaining this in an
accurate way is challenging because health care profes-
sionals may not ask questions in a fashion that encourages
honest reporting and patients often overestimate their med-
ication use.12,13 Most self-reported measures of adherence
with inhaled medications have had scant data about their
validity.14 A relatively simple validated tool for assessing
self-reported adherence with ICS would be valuable for
several reasons. First, physicians in real-world practice
rely on self-report for assessing adherence with therapy.
Second, measuring adherence with the “gold standard” of
electronic monitoring is impractical from a cost and logis-
tical perspective.13,15,16 Although pharmacy data estimate
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adherence in patients within closed health care systems,
such as health maintenance organizations and Veterans
Affairs facilities,16 –18 this information is known only
months after the fact, and dispensing data methods have
their own methodological limitations.19,20

The purpose of this study was to establish the internal,
criterion, and construct validity of the Medication Adher-
ence Report Scale for Asthma (MARS-A)21–23 for measur-
ing adherence with ICS among patients with persistent
asthma. A generic version of MARS has been used to
measure adherence with oral medication use, and data are
limited on its psychometric properties for measuring use of
inhaled medicines and adherence among minority asth-
matic patients in the United States.21,24,25 We also sought to
develop a Spanish version of MARS-A and evaluate its
preliminary validity.

METHODS

Study Design
MARS-A was administered in a multicenter, prospective
cohort study of adults with persistent asthma recruited from
general medicine clinics in 2 urban communities.26,27 Patients
with a smoking history of 10 pack-years or more or chronic
obstructive lung disease were excluded. Surveys were admin-
istered in English or Spanish at baseline enrollment, 1 month,
and 3 months. Information collected included sociodemo-
graphics, clinical history, medication beliefs, and adherence
with ICS. Asthma morbidity measures included hospitaliza-
tions and emergency department visits, intubations, and oral
steroid use. The protocol was approved by the institutional
review board and written informed consent obtained from all
study participants.

Self-reported Medication Adherence
MARS-A is 10-item questionnaire with several desirable
characteristics for assessing ICS use. It includes both ge-
neric (“I use it regularly every day”) and asthma-specific
questions about medication use (“I only use it when I feel
breathless”; Fig 1).28 It also assesses both intentional (“I

avoid using it if I can”) and nonintentional nonadherence
(“I forget to use it”).23,29 Questions are framed as negative
statements to minimize social desirability bias and set a
tone of nonadherence being normal, and medication use is
rated on a 5-point Likert scale (1 indicating always to 5
indicating never).

MARS-A was translated into Spanish by a native speaker,
and the Spanish and English translations were reviewed and
compared by independent bilingual research staff. Self-re-
ported adherence is reported as the average of the 10 ques-
tions (range of 0 to 5, higher numbers indicate greater adher-
ence). High self-reported adherence was defined as a MARS
score of 4.5 or higher.

Electronic Medication Adherence
For the electronic adherence substudy, patients had to be
prescribed an ICS by metered-dose inhaler (MDI) so an
electronic monitor could be attached. Patients prescribed
an ICS diskus were excluded from the electronic adherence
study because no diskus electronic monitor was available
at the time. The first 53 patients enrolled in the cohort who
met these criteria were enrolled in the electronic ad-
herence substudy, and all were prescribed twice-daily ICS.
The expense of the monitors limited the scope of this
substudy.

An MDI-log monitor (Medtrac Technologies, Lake-
wood, Colorado) monitored ICS use for the first month of
the study. Patients were told their ICS use was being
monitored. When the MDI-logs were collected, patients
reported device problems or whether they used any other
ICS inhaler during the 30-day period. According to meth-
ods used previously, we truncated electronic adherence to
avoid overestimations due to intentional “dumping” or
unintentional actuation.15,30,31

The primary measure of electronic adherence was the
percentage of days used in 30 days that a patient used 1 puff
or more during that 24-hour period. The evaluation started on
the day after the monitor was attached. A secondary measure
of electronic adherence was the percentage of doses used in
the 30 days divided by the number of doses prescribed during
which each dosing period needed to be separated by 3.5 hours
or more to prevent overcounting multiple actuations from 1
period (a convention used in prior studies).15,30,31 Checking
analyses examined the percentage of days used in the first 15
days vs the second 15 days to evaluate if the new monitoring
device significantly influenced initial adherence. High elec-
tronic adherence was defined as use of ICS on more than 70%
of days prescribed—a convention used in previously pub-
lished studies.32,33

Statistical Analysis
The �2 test, t test, and rank sum tests compared character-
istics of patients in the electronic adherence substudy with
those in the larger sample. Internal reliability of MARS-A
in English and Spanish at all 3 time points was evaluated
with Cronbach � (a measure of interitem correlation) and

Figure 1. Using the Medication Adherence Report Scale for Asthma
(MARS-A). Copyright of MARS-A and all variants is owned by the origi-
nator Robert Horne, PhD, and permission to use it should be obtained by
requests to Rob.horne@pharmacy.ac.uk.
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principal components analysis.34 Stability of MARS-A was
evaluated with Spearman correlations among the scores at
all 3 intervals.

Criterion validity was evaluated using Spearman correla-
tions between self-reported adherence (MARS-A) and elec-
tronic adherence. We also correlated high self-reported ad-
herence (mean MARS score, �4.5) with the dichotomous
outcome of high electronic adherence (�70% of days used).
Alternate definitions of high electronic adherence (use on
�80% of days prescribed) and a MARS-A score of 4.0 or
higher showed similar patterns to those presented. We con-
ducted sensitivity analyses excluding the 10 patients who
reported using another ICS canister during the month to
determine if electronic adherence was underestimated. To
determine construct validity, we used Wilcoxon and �2 tests
to determine associations between high self-reported adher-
ence and the response to 2 medication questions that should
be correlated with good adherence: “How often do you take
your [ICS name] on days when you are NOT having symp-
toms?” and “Is your [ICS name] a controller medication?” All
statistical tests were performed with Stata statistical software,

version 9.0 (StataCorp, College Station, Texas), and used
2-tailed tests.

RESULTS

Response Rates and Patient Characteristics
The overall cohort included 318 patients with persistent
asthma who completed the baseline survey. Of these, 278
(87%) completed the 1-month follow-up, and 245 (77%)
completed the 3-month follow-up. All 53 patients enrolled in
the electronic adherence substudy completed it. Interviews
were conducted in the patient’s language of choice, with 18%
choosing Spanish.

Consistent with the epidemiology of inner-city asthma, this
was largely a group of low-income, Hispanic, and African
American women with high rates of prior asthma hospital-
ization and oral steroid use (Table 1). Approximately three-
quarters had used oral steroids, 70% used oral steroids in the
past year, 53% were hospitalized, and 13% were intubated for
their asthma. Patients in the electronic adherence substudy
were similar to those who did not have their ICS use moni-

Table 1. Demographic and Clinical Characteristics of the 318 Study Participants

Characteristics
All patients
(n � 318)

Electronic adherence
substudy patients

(n � 53)

Patients not in the electronic
monitoring substudy

(n � 265)

P
valuea

Age, mean (SD), y 48 (13) 47 (12) 48 (14) .38
Female, No. (%) 264 (83) 45 (85) 219 (83) .73
Ethnicity, No. (%)

Hispanic 185 (58) 34 (63) 151 (57) .43
Black 93 (29) 17 (31) 76 (28)
White, non-Hispanic 40 (12) 3 (6) 37 (14)

Insurance status, No. (%)
Medicaid/Medicare 254 (80) 49 (92) 205 (78) .10
Private insurance, Blue Cross, HMO 60 (19) 4 (8) 56 (21)
Uninsured 4 (1) 0 4 (1)

Native language, No. (%)
English 219 (69) 38 (72) 181 (68) .85
Spanish 99 (31) 15 (29) 84 (31)

Income �$15,000, No. (%) 197 (62) 39 (74) 159 (60) .07
Education level �high school, % 105 (33) 23 (43) 82 (31) .19
Asthma history, No. (%)

Age of onset �20 y 162 (51) 30 (56) 135 (51) .49
Ever intubated 32 (10) 7 (13) 26 (10) .48
Ever taken oral steroids 229 (72) 38 (72) 185 (70) .70
Ever hospitalized for asthma 171 (54) 28 (53) 143 (54) .86

Comorbid conditions, No. (%)
Allergic rhinitis 207 (65) 36 (68) 172 (65) .65
Diabetes mellitus 80 (25) 14 (26) 66 (25) .81
GERD 118 (37) 17 (32) 101 (38) .45
Congestive heart failure 13 (4) 3 (6) 10 (4) .62
Depression 149 (47) 29 (55) 119 (45) .20
Hypertension 149 (46) 24 (45) 125 (47) .86

Social habits, No. (%)
Current smoker (last 3 mo) 114 (36) 21 (39) 93 (35) .70

Abbreviations: GERD, gastroesophageal reflux disease; HMO, health maintenance organization.
a P value comparing characteristics of patients who were and were not in the electronic adherence substudy.
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tored electronically with regard to age, sex, race, asthma
history, and severity.

Medication Adherence
Self-reported medication adherence according to MARS-A
scores is indicated in Table 2. The mean (SD) MARS-A score
(range, 1–5) was 4.3 (0.8) at baseline, 4.1 (0.8) at 1 month,
and 4.3 (0.8) at 3 months, equivalent to skipping ICS rarely
or never. Monitoring patients for 1 month did not change
their self-reported adherence (MARS-A scores were 4.0 at
baseline before monitoring, 4.1 at 1 month when the monitor
was returned, and 4.1 at 3 months [2 months after monitoring
ceased]). MARS-A scores were similarly stable within the
nonmonitored patients.

Electronic Adherence
According to the electronic adherence measure, on average,
patients used their ICS 52% of days and took 35% of pre-
scribed doses (Table 3). Ten patients reported using an ICS
inhaler without the MDI-log device attached at some time
during the electronic monitoring period. Eliminating these 10
patients from the analyses yielded a mean ICS use on 55% of
days prescribed and 38% of doses prescribed. Checking anal-
yses showed that all electronic measures of adherence were
highly correlated (30 days, first 15 days, and second 15 days,
r � 0.78 to 0.97; P � .001).

Internal Validity of MARS-A
The Cronbach � for MARS-A was 0.85 at baseline and 1
month (and 0.84 at 3 months). MARS performed equally well
in English and Spanish at all 3 periods (baseline: English,
0.85; Spanish, 0.84; 1 month: English, 0.85; Spanish, 0.86;
and 3 months: English, 0.85; Spanish, 0.83). MARS-A scores
appeared relatively stable over time, with correlations be-
tween MARS-A scores at baseline and 1 month (r � 0.65), 1
month and 3 months (r � 0.70), and baseline and 3 months
(r � .64) (P � .001). Principal component analysis found that
1 factor accounted for 88.7% of the variance, suggesting that
MARS-A measured only adherence.

Criterion Validity of MARS-A
Table 4 gives the matrix of Spearman correlations between
the self-reported MARS-A scores at 2 periods and the various
electronic adherence definitions. Overall, higher self-reported
ICS adherence (MARS-A scores) was significantly correlated
with better electronic adherence. As indicated in Table 4, this
correlation between MARS-A scores and electronic adher-
ence persisted with MARS-A scores at 1 and 3 months. The
association held whether electronic adherence was based on
percentage of days used or percentage of doses used. We also
found significant associations between MARS-A and elec-
tronic adherence further divided into the first vs last 15 days
of monitoring. The strength of the association increased fur-
ther when 10 participants who used an ICS inhaler without
the MDI-log device sometime during the monitoring period
were removed from the analysis (r � 0.50, P � .001).
Alternate analyses that compared the dichotomous self-re-
ported and electronic adherence scores, classifying patients
with a MARS-A score of 4.5 or higher and electronic adher-
ence of 70% or higher as high adherers, showed that patients
who reported high adherence according to MARS-A had
10-fold higher odds of being high adherers by electronic
report (odds ratio [OR], 10.6; 95% confidence interval [CI],
2.5–44.5; P � .001).

Overall, 47.2% of patients were higher adherers according
to a MARS-A score of 4.5 or higher, and 32.1% were high
adherers defined as electronic adherence of 70% or higher.
High self-reported adherence according to MARS-A (score of
�4.5) had a sensitivity of 82.4% and specificity of 69.4% for
electronically confirmed adherence, with a positive likeli-
hood ratio of 2.7 and the negative likelihood ratio of 0.25
(area under the receiver operating characteristic curve, 0.75).

On the basis of receiver operating curve characteristic
analyses, the optimal cut point for MARS-A was 4.5, which
correctly classified 73.6% of participants. Among patients
identified by MARS-A as good adherers, 82.3% were good
adherers according to the electronic monitor. Conversely,
69.4% of those identified by MARS-A as poor adherers were
poor by the electronic measure. However, people were more
likely to overreport adherence than underreport it. A total of
30.6% of those who MARS-A identified as good adherers
turned out to be poor adherers in the monitoring substudy,
whereas just 17.6% of true good adherers reported poor
adherence (underreporting)

Construct Validity of MARS-A
We examined associations between MARS-A and 2 addi-
tional items to evaluate construct validity. As predicted, pa-
tients who said they use their ICS even when they were not
having symptoms were much more likely to be classified as
good adherers by MARS-A (OR, 61.9; 95% CI,
18.5–207.0.0; P � .001). Similarly, patients who correctly
said their ICS was a controller medication (vs a rescue
medicine) were more likely to be good adherers according to
MARS-A (OR, 1.8; 95% CI, 1.01–3.2; P � .04), although the

Table 2. Self-reported Medication Adherence by Medication
Adherence Rating Scale for Asthma (MARS-A) Scores Over Time
Among Those Receiving and Not Receiving The Electronic
Monitorsa

Period
All

patients

Electronic
adherence
substudy
patients
(n � 53)

Nonmonitored
patients
(n � 265)

Baseline 4.2 4.0 4.3
1 month 4.3 4.1 4.3
3 months 4.3 4.1 4.3

a There was no statistically significant difference in the MARS-A
scores whether patients were electronically monitored or not.
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magnitude of the association was more modest than prior
“use when no symptoms” item.

DISCUSSION
This study sought to evaluate the validity of MARS-A as a
tool for measuring self-reported adherence to ICS use in
English and Spanish among adults with persistent asthma.
Our data show that MARS-A demonstrated 3 desirable fea-
tures as a survey instrument.34 It had (1) good internal validity
in both English and Spanish, (2) good criterion validity when
compared with the gold standard of electronically measured
adherence with ICS use, and (3) strong construct validity. The
original publication by Horne and colleagues that proposed
MARS-A for measuring inhaled medication use among asth-
matic patients in England demonstrated good internal and
construct validity.28 This study confirms and extends the
original finding by replicating the good internal and construct
validity and by adding a rigorous evaluation of criterion
validity (comparing self-reported to electronically confirmed
adherence), the strongest indicator of validity.35 This is also
the first study to our knowledge that translated MARS-A into

Spanish and demonstrated good psychometric performance in
both English and Spanish for patients in the United States.

Several aspects of MARS-A performed well for several
reasons. First, both the phrasing of the questions and ordering
of the answers seek to minimize the social desirability bias of
falsely reporting good adherence. Second, there are items that
ascertain 2 distinct but common drivers of suboptimal med-
ication use: (1) intentional nonadherence (“I try to avoid
using it”) and (2) unintentional nonadherence (“I forget to
take it”).23,28,36 Third, it also contains questions that ask about
symptom-driven use of ICS, which is common (“I only use it
when I feel breathless”). We have previously reported that
half of inner-city patients with moderate and severe asthma
have the “no symptoms, no asthma” belief.37 Such patients
think about and manage their asthma as an acute, episodic
illness that only requires medication use when they are hav-
ing respiratory symptoms.

Among this inner-city population with a high burden of
asthma morbidity, frequent contacts with the health care
system, and access to low-cost medicine, patients still only
used their ICS on slightly more than half of all days (mean,

Table 3. Electronic Measures of Adherence With Inhaled Corticosteroids (ICS)a

Electronic measures of
adherence with ICS

All patients given electronic
monitor (n � 53)

Excluding patients who did not
exclusively use electronically

monitored ICS inhaler (n � 43)

Percentage of days used
All 30 days 0.52 (0.29) �0–0.97� 0.55 (0.29) �0–0.97�
Initial 15 days 0.57 (0.31) �0–1� 0.59 (0.30) �0–1�
Final 15 days 0.47 (0.30) �0–1� 0.50 (0.30) �0–1�

Percentage of doses used 0.35 (0.24) �0–0.95� 0.38 (0.25) �0–0.95�

a Data are presented as mean (SD) �range or adherence�. Ten patients indicated that they used an ICS inhaler for some part of the 30-day period
during which the metered-dose inhaler log device was attached to the ICS canister that they started the month with.

Table 4. Associations Between Self-reported Adherence Scores and Electronic Adherencea

Self-reported adherence

Electronic adherence

Percentage of days ICS used Percentage of doses
used for all 30 daysAll 30 days First 15 days Last 15 days

MARS-A scores
1 month

All monitored patients 0.40c 0.47c 0.35c 0.39c

Subset of monitored patientsb 0.48d 0.35c 0.50d 0.46c

3 months
All monitored patients 0.39c 0.45c 0.26e 0.36c

Subset of monitored patientsb 0.50c 0.50d 0.44c 0.49c

Abbreviations: ICS, inhaled corticosteroids; MARS-A, Medication Adherence Rating Scale for Asthma.
a The P values show level of statistical significance for the associations between the self-reported MARS-A scores and the different definitions of
electronic adherence (shown in the columns). All except for 1 comparison showed a significant correlation between the MARS-A and electronic
adherence.
b Data also show that the associations were even stronger in subgroup analyses that excluded 10 patients who reported using an ICS canister
without the electronic monitor at some point during the 30-day monitoring period (n � 43).
c P � .01.
d P � .001.
e P � .07.
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52%–55%) and took little more than one-third of the doses
prescribed (35%–38%). These rates of adherence are clearly
suboptimal, although such modest rates of ICS use are similar
to those reported in the overall literature on medication use,
as well as previous studies of compliance with ICS among
patients with persistent asthma.3–7 Many reasons for poor
adherence with ICS use have been reported, but our previous
work in US and UK populations found that suboptimal dis-
ease beliefs about the chronicity of asthma and medication
beliefs about the importance of using ICS (even when asymp-
tomatic) and worries about side effects were important fac-
tors.22,37,38

The strengths of MARS-A should be viewed in the context
of its limitations. Although MARS-A had good overall psy-
chometric properties, it seemed best at characterizing relative
levels of adherence. Because self-reported adherence overes-
timates the absolute frequency of use and/or number of doses
taken, caution is warranted if strict number of days or doses
used is needed (eg, drug trials). Those wanting more concrete
information on the frequency of ICS use may want to sup-
plement MARS-A with a question such as “In the past 7 days,
how many days did you miss or skip your ICS for any
reason?” as has been suggested by other investigators.39 How
well such a frequency of daily use question performs com-
pared with the more relative frequency of use items that
comprise MARS-A merits further investigation.

Although the internal validity and construct validity anal-
yses were based on 278 participants, the criterion validity
tests relied on the smaller sample of 53 patients in the
electronic adherence substudy. The modest size of the elec-
tronic monitoring dataset is typical of other studies that use
these devices.13,32,40 We also did not find any significant
differences between the groups that were and were not mon-
itored. We deliberately studied medication adherence among
inner-city populations with the highest burden of asthma
morbidity and mortality. The generalizability of our findings
to different settings is unknown. Because the number of
Spanish-speaking patients was modest, further validation
work in Spanish-speaking populations is merited. There were
not enough Spanish-speaking patients in the electronic adher-
ence substudy to permit a valid evaluation of criterion valid-
ity of the translated version. Hispanic patients in this study
were predominantly Puerto Rican or Dominican, so replica-
tions of language and findings in other Latino subgroups
would be beneficial. Despite these limitations, the findings
are consistent with previous studies supporting the utility of
MARS-A as a tool for assessing self-reported adherence to
ICS in asthma.22,23,28

From a clinical perspective, MARS-A may be most useful
in patients with severe asthma that remains poorly controlled
despite an apparently robust anti-inflammatory drug regimen.
In this situation, the most important (but often the most
challenging) evaluation to make is whether a patient is doing
poorly despite good adherence or because of unrecognized
poor adherence. Use of a standard, nonjudgmental short ad-
herence questionnaire might be more likely to uncover non-

adherence than the usual question, “Are you taking your [ICS
drug name]” question. A possible shortcut in selected situa-
tions might be asking 1 question about intentional and unin-
tentional ICS nonadherence and 1 question about symptom-
driven use (using ICS only when they feel breathless).
However, future research will be needed to formally evaluate
whether a shorter version of MARS-A can be developed and
validated. In any event, physicians should be mindful that
overreporting of adherence with ICS use is still fairly com-
mon even with a carefully designed self-report instrument.
For patients who are doing poorly, using pharmacy dispens-
ing information or family or caregiver reports may be useful
adjuncts to corroborating true patterns of ICS use.
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