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Corticosteroids among Older Adults with Asthma or Chronic Obstructive
Pulmonary Disease

Neelima C. Tangiralaa, Rachel O’Conorb, Michael S. Wolfb, Juan P. Wisniveskya, and Alex D. Federmana

aDivision of General Internal Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, USA; bDivision of General Internal Medicine,
Feinberg School of Medicine, Northwestern University, Chicago, IL, USA

ABSTRACT
Regular use of inhaled corticosteroids (ICS) is the standard of care for patients with persistent
asthma and chronic obstructive pulmonary disease (COPD). Adherence to ICS is measured using
the 10-item Medication Adherence Report Scale (MARS), a self-reported medication adherence
assessment. However, data on the validity of this measure are limited. Data were obtained from
two cohort studies that examined the association of health literacy with self-management behav-
iors among adults ages 65 and older with asthma and adults ages 40 and older with COPD. ICS
adherence was objectively measured over a 4-week period using electronic monitoring devices.
Adequate adherence by MARS assessment was defined as a score �4.5, and by electronic monitor-
ing as �80% of doses prescribed. We assessed the criterion validity using correlations between
self-reported adherence and electronic adherence. Receiver Operating Characteristic (ROC) curve
analysis was performed between the two measures. Among patients with asthma, the continuous
values for adherence measured by self-report and electronically were weakly correlated (r¼ 0.33,
p< 0.001); similarly, the agreement between the dichotomized measures was weak (kappa 0.30,
p¼.49). Findings were similar for COPD patients: r¼ 0.26, p¼ 0.003; kappa 0.19, p¼ .60. Area under
curve (AUC) values generated from ROC analysis was 0.69 and 0.61, for asthma and COPD patients,
respectively. Commonly used measure for adherence performed weakly compared to electronic
monitoring in separate populations of patients with asthma and COPD. Investigators measuring
self-reported medication adherence among patients with these pulmonary diseases should con-
sider using alternative instruments or using objective measures exclusively.
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Background

Chronic obstructive pulmonary disease (COPD) and asthma
are associated with significant morbidity and mortality,
affecting approximately 6% and 7% of adults in the United
States, respectively. Randomized controlled trials show that
daily use of controller medications, including inhaled corti-
costeroids (ICS), long acting beta-agonists (LABA), and
long-acting anti-muscarinic agents (LAMA) improves symp-
toms and quality of life, as well as reduces the risk of exac-
erbations for these diseases [1–3]. Despite this, adherence to
controller medications among patients with COPD and
asthma remains low, ranging from 20% to 60% [4–7]. Low
adherence to controller medications is associated with worse
patient outcomes and increased healthcare costs [8–10].
Improving medication adherence for these and other
chronic diseases is a major public health focus.

In order to improve their ability to support patients’
medication taking behaviors, clinicians and researchers first
need to be able to accurately measure adherence.

Unfortunately, medication adherence generally, and inhaler
adherence specifically, are difficult to reliably measure.
Existing methods of measuring adherence include self-
reports, electronic dose measures, insurance claims, and
blood or serum levels [11, 12]. While electronic devices are
considered the gold standard for measuring adherence to
inhaled medications, patients may discharge doses without
taking the medication and or they may have and use mul-
tiple devices for the same drug while only one of the devices
is monitored [13, 14]. Insurance claims are often used to
determine medication possession ratios, a proxy for adher-
ence, but they do not provide information about actual
medication use [15]. Serum drug levels are also considered a
highly objective measure of medication use but are not
available for inhaled medications.

Self-reported measures of medication adherence are par-
ticularly compelling because of the ease of administration
and low cost, but they may be subject to biased responses
owing to recall problems and social desirability [17]. One
widely used self-reported measure of inhaled medication
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adherence is the Medication Adherence Rating Scale
(MARS) [13, 16]. While commonly used, however, there are
limited data on the validity of this scale [5, 13, 17–22].
Moreover, advanced patient age presents a unique problem
with self-reported adherence, regardless of the assessment,
because of greater risk of inaccuracies in recall arising from
cognitive impairment. Cognitive impairment is a sequela of
both advanced COPD and asthma [23, 24]. Despite the risk
of recall bias, the validity of the MARS has not been previ-
ously examined among older adults.

In this study, we used data from 2 prospective cohorts of
patients with asthma or COPD to assess the performance of
the MARS compared to objective measures of inhaled medi-
cation adherence among older adults.

Methods

Study design

We conducted cross sectional analyses of data from two
cohort studies of illness self-management behaviors among
adults with asthma and COPD [25, 26]. Although conducted
independently, the recruitment protocol, data collection
methods, and adherence measures of these studies were
similar. In both studies, eligible participants were identified
from daily queries of clinical records systems and were
recruited from general medicine and pulmonary practices of
the Mount Sinai Hospital in New York City, NY and the
Northwestern University Hospital, in Chicago, IL. Interviews
were conducted in English or Spanish by trained bilingual
research assistants. Both studies were approved by the insti-
tutional review boards of the Icahn School of Medicine at
Mount Sinai and the Feinberg School of Medicine of
Northwestern University.

The asthma study included adults aged 60 years and older
with physician diagnosis of moderate or worse persistent
asthma. We excluded individuals who had a> 10 pack-year
smoking history, a diagnosis of COPD or other chronic
obstructive lung disease, and dementia and uncorrectable
visual impairment. The COPD study enrolled patients
�40 years old with a physician diagnosis of COPD who
were English or Spanish-speaking. We excluded individuals
with diagnoses of other chronic respiratory diseases and
dementia or any condition profoundly affecting cognition.

Measurement of self-reported medication adherence

In both studies, adherence to ICS, LABA or LAMA (or
combinations) was assessed with the 10-item MARS
(Appendix A, supplementary material). The MARS queries
patients about medication taking behaviors, including inten-
tional (“I avoid using it if I can”) and unintentional (“I for-
get to use it”) nonadherence and includes both general
questions about medication use (“I use it regularly every
day”) as well as items about use under specific circumstan-
ces (“I only use it when I feel breathless”). MARS was
designed with questions framed as negative statements to
limit social desirability bias. Responses are scored on a 5-

point Likert scale from very often (1) to never (5). An over-
all score for the MARS is calculated as the average of the 10
item-specific scores; range is 0-5 with higher scores indicat-
ing higher adherence. In a previous study of adults with
asthma, a MARS score dichotomized at 4.5 or greater had a
sensitivity of 84% and a specificity of 69% against an elec-
tronic measure of adherence (defined as 80% or more of
doses taken) [15]. We also evaluated the MARS-5 [27, 28] a
5-item version of the MARS, which has one item that
assesses unintentional nonadherence and four items that
assess intentional nonadherence.

In both studies, the MARS was administered during base-
line interviews by the research assistant. The MARS was
administered rather than self-completed because it was one
of several assessments conducted during the 1.5 to 2 h-
long interviews.

Objective measurement of medication adherence

The objective measures of adherence included 1) electronic
monitoring devices and 2) dose counts from analog counters.
[14, 29] For electronic devices in both studies, research assis-
tants fit an electronic monitor to metered dose inhalers
(MDI) and dry powder inhalers (DPI) and provided the study
subjects with instructions to return the monitors after a 4-
week period in a postage-paid envelope they provided.
Patients also received calls to remind them to return the devi-
ces. In the COPD study, the Doser Electronic Monitor
(Meditrack, MA) was used for MDI and the Smartdisk
(Nexus6, Franklin, OH) for DPI. Only the Doser CT was used
in the asthma study. Dose counts from analog counters were
documented only for patients using an inhaler device for
which an electronic monitor was not available. At the baseline
interview, the research coordinators noted the date and num-
ber of remaining doses on the device’s analog counter or by
the number of non-punctured dose capsules (tiotropium
inhaler) and again documented date and doses used at a fol-
low-up interview. The electronic monitors were affixed to the
patient’s inhaler when a new inhaler was started (e.g. when
their inhaler prescription was renewed). This could occur any
time between the baseline interview and 30-days hence.

From these objective measurements, adherence was calcu-
lated as the total number of doses used during the 4-week
period divided by the number of doses prescribed. Adequate
adherence was defined as �80% of total doses prescribed,
per convention [30, 31].

Sociodemographic characteristics

Data were also collected in both studies on sociodemo-
graphic and health status variables that are associated with
asthma or COPD medication adherence, including age, sex,
race, educational attainment, household income, English lan-
guage proficiency, and general health. These data were
obtained by self-report. Additionally, data were collected on
asthma or COPD medical histories, including steroid
use, prior history of hospitalization and emergency
department visits.
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Asthma control was assessed with the validated 5-item,
Asthma Control Questionnaire [32]. Items are scored on a
seven-point scale from 0 (completely controlled) to 6 (very
poorly controlled). COPD severity was evaluated using the
COPD Severity Score, a validated instrument that assesses
respiratory symptoms, systemic corticosteroid use, other
COPD medications, home oxygen use, hospitalizations and
history of intubation [9, 33]. Scores range from 0 to 25 with
greater scores indicating a greater disease severity.

Statistical analysis

Separate analyses were performed using data from the
asthma and COPD studies. In bivariate analyses, the t-test,
chi-square and Wilcoxon rank sum tests were used to com-
pare the characteristics of patients who underwent objective
adherence monitoring (including electronically measure-
ments and dose counts) and those who did not. We assessed
the internal consistency of the English and Spanish language
versions of the instrument by calculating Cronbach’s a.

Criterion validity was determined by calculating the
Spearman correlation for the association of the continuous
MARS score and the percent of prescribed doses determined
from the objective measures of adherence. We also calcu-
lated the kappa statistic for agreement between the dichot-
omous measures of self-reported adherence (MARS �4.5)
and objectively measured adherence (�80% of doses taken).
Receiver Operating Characteristic (ROC) curve analysis of
the continuous value for MARS scores against the dichotom-
ized outcome of objective adherence was also performed.
The above set of analyses was repeated with the MARS-5.

Statistical tests were performed using SAS statistical software
version 9.3 (SAS institute Cary, NC).

Results

Subject characteristics

In the asthma cohort, 452 patients completed the baseline
survey; 407 were on controller medications, among whom
341 (84%) completed the MARS questionnaire. Among 241
(53%) patients who underwent objective monitoring, 201
had an electronic monitor for a DPI (84%), 40 (16%) were
monitored by review of the inhaler’s analog dose counter. In
the COPD cohort, 393 patients completed the baseline sur-
vey; 357 were on controller medications, among whom 342
(87%) completed the MARS. Among the 189 COPD patients
who had objective monitoring, 98 (52%) had an electronic
monitor for a DPI, 10 (5%) had an electronic monitor for a
MDI, and 81 (43%) were monitored by review of the
inhaler’s analog dose counter. There were no significant dif-
ferences in either cohort between the sociodemographic
characteristics of patients who underwent objective adher-
ence monitoring and those who did not, although asthmatic
patients with objective monitoring data were more likely
than those without it to have used oral steroids in the past
year (Table 1) and COPD patients with objective monitoring
were more likely to have had a hospital admission for
COPD exacerbation in the past year (Table 2).

The mean age of patients in the asthma and COPD
cohorts was 67.5 years (Table 1) and 67.9 years (Table 2),
respectively. In both cohorts, the majority of patients were
female (asthma, 84% and COPD, 58%), non-Hispanic black

Table 1. Demographic and clinical characteristics of patients with asthma.

Underwent objective adherence monitoring

Characteristic
All patients (n¼ 341)

N (%)
Yes (n¼ 244)

n (%)
No (n¼ 97)

n (%) P

Age .52
60–64 years 148 (44) 105 (43) 43 (45)
65–69 years 85 (25) 58 (24) 27 (28)
�70 years 106 (31) 80 (33) 26 (27)

Male 52 (15) 39 (16) 13 (14) .57
Race/ethnicity .56

White, non-Hispanic 74 (22) 57 (23) 17 (18)
Black, non-Hispanic 104 (31) 73 (30) 31 (32)
Hispanic 132 (32) 91 (37) 41 (43)
Other 30 (9) 23 (9) 7 (7)

Limited English-speaking ability 86 (25) 59 (24) 27 (28) .45
Education level .21

Some high school or less 113 (33) 64 (32) 49 (38)
High school graduate 61 (18) 40 (16) 21 (22)
Some college 70 (21) 51 (21) 19 (20)
College graduate 96 (28) 76 (31) 20 (21)

General health .81
Very good to excellent 78 (23) 58 (24) 20 (21)
Good 105 (31) 74 (30) 31 (32)
Fair to poor 157 (46) 111 (46) 46 (47)

Monthly household income <$1350 179 (54) 125 (53) 54 (57) .49
Asthma history

�1 ER visit past year 86 (37) 63 (37) 23 (35) .78
�1 Hospital visit past year 37 (27) 30 (29) 7 (21) .38
Oral steroid use past year 336 (99) 241 (72) 95 (28) .00
ACQ score 131 (38) 95 (39) 36 (37) .75

ER denotes emergency room; ACQ, asthma control questionnaire.
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(asthma, 31% and COPD, 45%), and Hispanic (asthma, 39%
and COPD, 16%).

Medication adherence rates

In the asthma cohort, rates of objective adherence were
70%, the mean MARS score was 4.07 (0.75) and MARS
scores �4.5 were observed for 130 (38.0%) patients (Table
3). MARS scores in the asthma cohort were greater for
patients who underwent objective monitoring (4.15 [0.70]
than those who did not 3.87 [0.84], p¼ 0.005).

For COPD patients, the rates of objective adherence were
71%, the mean MARS score was 4.12 (0.71), and MARS
scores �4.5 were observed for 134 (39.2%) (Table 4). Scores
on the MARS did not differ significantly between the sub-
groups of patients who did and did not undergo objective
monitoring (4.09 [0.72] vs. 4.14 [0.70], respectively;
p¼ 0.62). Scores on the MARS also did not differ signifi-
cantly between the subgroups of patients whose adherence
was assessed by dose counters vs. electronic monitor (4.07
[0.77] vs. 4.2 [0.64], respectively; p¼ 0.27).

Internal validity

In the asthma cohort overall, the MARS had a Cronbach’s a
of 0.79. For the MARS administered in English or Spanish
interviews, Cronbach’s a was 0.80 and 0.76, respectively. In
the COPD cohort, Cronbach’s a for MARS was 0.75 for all
patients, and for the subgroups of English and Spanish-lan-
guage interviews, 0.75 and 0.68, respectively.

Associations of MARS scores with objectively
measured adherence

MARS scores were significantly correlated with objective
measures of adherence for both asthma (r¼ 0.33, p< 0.001)
and COPD (r¼ 0.26, p¼ 0.0003) patients. There was poor
agreement between the dichotomized MARS score and
objective adherence measure for the asthma cohort (kappa
0.30, p¼ 0.49) and COPD cohort (kappa 0.19, p¼ 0.60).

Sensitivity and specificity of MARS for adherence

The receiver operator characteristic (ROC) curve for MARS
scores among patients with asthma is shown in Figure 1.
The area under the curve (AUC) was 0.69. Similar perform-
ance was observed for the MARS among COPD patients
(AUC 0.61; Figure 2). Among asthma patients, the sensitiv-
ity and specificity were 60% (95% CI: 51.0–70.1%) and 71%
(95% CI: 64.0–79.0%), respectively. The sensitivities and spe-
cificities of the MARS across a range of threshold values are
shown in Tables 4 (asthma) and 5 (COPD). Among COPD
patients, the sensitivity and specificity of the MARS for
adequate adherence using a threshold score of �4.5 was for
51% (95% CI: 40.2–65.0%) and 68% (95% CI: 60.0–76.4%),
respectively. In the asthma cohort, the threshold for MARS
that achieved the highest levels of both sensitivity and speci-
ficity was �4.0, with a sensitivity and specificity of 80%
(95% CI: 72.0%-87.3%) and 48% (95% CI: 39.0–56.0%),
respectively. In the COPD cohort, the optimal threshold for
MARS was also �4.0, with a sensitivity and specificity of
74% (95% CI: 62.4–83.2%) and 42% (95% CI: 33.1–51.0%),
respectively.

Table 2. Demographic and clinical characteristics of patients with chronic obstructive pulmonary disease.

Underwent objective adherence monitoring

Characteristic
All patients (n¼ 342)

N (%)
Yes (n¼ 189)

n (%)
No (n¼ 153)

n (%) P

Age .14
55–59 56 (16) 31 (16) 25 (16)
60–64 74 (22) 40 (21) 34 (22)
65–69 77 (23) 51 (27) 26 (17)
�70 135 (40) 67 (35) 68 (44)

Male 64 (42) 81 (43) 145 (42) .84
Race/ethnicity .69

White, non-Hispanic 123 (36) 66 (35) 57 (37)
Black, non-Hispanic 155 (45) 87 (46) 68 (44)
Hispanic 54 (16) 32 (17) 22 (14)
Other 10 (3) 4 (2) 6 (4)

Limited English-speaking ability 33 (10) 19 (10) 14 (9) .78
Education level .22

Some high school or less 90 (26) 45 (24) 35 (30)
High school graduate 77 (23) 48 (25) 29 (19)
Some college 79 (23) 48 (25) 31 (20)
College graduate 95 (28) 48 (25) 47 (31)

Monthly household income <$1,350 159 (47) 89 (48) 70 (47) .87
General health .61

Very good to excellent 66 (19) 39 (21) 27 (18)
Good 118 (35) 67 (35) 51 (33)
Fair to poor 158 (46) 83 (44) 75 (49)

COPD history
�1 ER visit past year 96 (39) 53 (42) 43 (36) .36
�1 Hospital visit past year 84 (60) 52 (68) 32 (51) .04
Oral steroid use past year 124 (36) 77 (41) 47 (31) .05
COPD severity score �15 47 (14) 27 (14) 20 (13) .74

COPD denotes chronic obstructive pulmonary disease; ER, emergency room.
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Mars-5

In the asthma cohort, Cronbach’s a for MARS-5 was 0.71
overall, and 0.73 for the English version alone and 0.67 for
the Spanish version alone. In the COPD cohort, Cronbach’s
a for MARS-5 was 0.65 overall, and 0.66 for English and
0.49 for Spanish. MARS-5 scores and objectively measured
adherence correlated weakly in both the asthma cohort
(r¼ 0.29, p¼ 0.009) and COPD cohort (r¼ 0.23, p¼ 0.002).
Among asthma patients, MARS-5 had a sensitivity and spe-
cificity of 86% (95% CI: 78.2–98.2%) and 33% (95% CI:
27.0%-41.0%), respectively. Among COPD patients, the sen-
sitivity and specificity of the MARS-5 at a threshold of �4.5
was 74% (95% CI: 62.4–83.2%) and 34.2% (95% CI:
26.2–43.4%), respectively.

Discussion

This study sought to evaluate the validity of MARS as a tool
for measuring self-reported adherence to ICS use among
English and Spanish-speaking adults with COPD and
asthma. We found that the MARS had good internal validity
when measured among patients with COPD or asthma.
However, the MARS was weakly correlated with objectively
measured medication adherence, and achieved low levels of
sensitivity and specificity for both COPD and asthma. Our
study confirms the findings of previously published studies
that demonstrated good internal validity of the MARS [13],
but is not consistent with studies that evaluated the criterion
validity of MARS [13, 34].

Very few studies have reported comparisons of data from
the MARS and objective measures for inhaled medications.
In a study of asthmatic patients under the age of 60, we
identified a moderate correlation between data from MARS
and electronic monitors (r¼ 0.42, p< 0.001), similar to the
performance observe for the MARS in the current study
[13]. In a study of COPD patients, other investigators
reported a considerably weaker correlation between the
MARS and electronic monitors (r¼ 0.10; p¼ 0.01) [14].
Another study on this topic was subject to a methodological
issue that seriously threatens the validity of their findings.
The study assessed the correlation of MARS scores and pre-
scription refill records for ICS use among asthmatics ages 18
to 45 years and reported similar correlation of self-reported
and objective adherence measurement (r¼ 0.46, p< 0.01)
[34]. However, the MARS was administered by the patients’
physicians, raising the specter of social desirability bias in
the patients’ self-reports.

Studies of MARS for assessment of adherence with non-
inhaled medications have shown generally weak results. For
antihypertensive medication use among primary care, the
MARS had low sensitivity (8.5%) but high specificity

Table 3. Mean Medication Adherence Report Scale Scores, by adherence as determined by objective measures.

Cohort

Adherent to medication by objective monitoring

Yes No P

Asthma, MARS score, mean (sd) 4.15 (0.70) 3.87 (0.80) .005
COPD, MARS score, mean (sd) 4.13 (0.70) 4.09 (0.72) .63

COPD denotes chronic obstructive pulmonary disease; MARS, Medication Adherence Report Scale.

Table 4. Sensitivity and Specificity of the Medication Adherence Report Scale
at different threshold values among patients with asthma.

MARS Frequency Sensitivity 95 % CI Specificity 95 % CI

�5 26 0.29 0.20–0.38 0.91 0.86–0.95
�4.5 54 0.60 0.50–0.70 0.71 0.64–0.78
�4 71 0.79 0.70–0.87 0.47 0.39–0.55
�3.5 80 0.89 0.82–0.95 0.21 0.15–0.28
�3.0 87 0.97 0.93–1.00 0.08 0.04–0.12

Table 5. Sensitivity and Specificity of the Medication Adherence Report Scale
at different threshold values among patients with COPD.

MARS Frequency Sensitivity 95 % CI Specificity 95 % CI

�5 16 0.23 0.13-0.33 0.96 0.87-0.97
�4.5 36 0.51 0.40-0.63 0.68 0.60-0.76
�4 51 0.73 0.62-0.83 0.42 0.33-0.51
�3.5 56 0.80 0.71-0.89 0.20 0.13-0.27
�3.0 64 0.91 0.85-0.98 0.03 0.00-0.06

COPD denotes chronic obstructive pulmonary disease; MARS, Medication
Adherence Report Scale.

Figure 1. Receiver operating characteristic curve (AUC¼ 0.687) evaluating the
accuracy of the MARS compared with objective monitoring in the asthma
cohort. Abbreviations: AUC, area under the curve; MARS, Medication Adherence
Report Scale.
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(97.4%) compared with prescription refill data [15]. A study
conducted among patients with mental health disorders
found that MARS scores were weakly correlated with serum
concentrations of their psychotropic mediations (r¼ 0.25,
p¼.01) [12]. Recruitment of patients for the latter study was
performed by their clinicians raising concerns about refer-
ral bias.

There are two important potential explanations for the
low level of agreement we observed between MARS scores
and objectively measured adherence. First, patients may
have overestimated medication adherence due to issues with
recall [5]. Data for this study were from cohorts of older
adults with COPD or asthma, populations more likely to
experience problems with memory than younger populations
and patients without these conditions [23, 24]. Second,
COPD and asthma patients may have and use multiple
inhalers for the same drug; however objective monitoring
was conducted with only one inhaler. These explanations
point to the persistent challenges of accurately and reliably
measuring adherence to inhaler medications among patients
with COPD and asthma, and possibly for medications deliv-
ered through other routes as well.

This study has limitations worth noting. First, the elec-
tronic measurement of adherence was used only with a sub-
set of patients in both studies, thus analog dose counter data
were included. However, in subgroup analyses similar results
were obtained for comparisons of electronic monitors and

dose counters with MARS scores. Second, the MARS cap-
tured patient’s general behaviors at the time of the baseline
interview whereas electronic monitors prospectively meas-
ured adherence, and electronic monitors could have been
affixed to patient’s inhaler devices any time between the day
the MARS was administered and up to 30-days hence. .
Patients could have had varied medication adherence over
this course of time, but this cannot be confirmed and data
from other studies suggest that there is little variation in
medication adherence as measured by the MARS over
6months [35]. Third, the asthma and COPD studies were
conducted among predominantly African-American and
Hispanic older adults in inner-city Chicago and New York,
so findings may have limited generalizability to other popu-
lations. Additionally, a majority of subjects in both the
asthma and COPD studies were women, further limiting
generalizability.

The Medication Adherence Rating Scale is a convenient
and widely used self-reported measure of medication adher-
ence. We found, however, that it and its abbreviated version
(MARS-5) were only weakly associated with objective meas-
urement of adherence to inhaled medications for asthma
and COPD. Given this finding, as well as the mixed reports
of performance of the MARS compared with objective meas-
ures elsewhere in the research literature, investigators should
consider using objective measurements of medication adher-
ence when their studies require assessment of medication
taking behaviors. Additional research should be considered
to determine the settings, including patient populations and
clinical conditions, in which the MARS has greatest validity.
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