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Abstract

Objective: To assess the reliability of the Medication Adherence Report Scale (MARS-5) for assessing
adherencein clinical practice and research. Methods: Prospective cohort study following electroni-
cally measured inhaled corticosteroids (ICS) adherence for 1year in 2-13-year-old children with per-
sistent asthma. The relationship between electronically measured adherence and MARS-5 scores
(ranging from 5 to 25) was assessed by Spearman'’s rank correlation coefficient. A ROC (receiver
operating characteristic) curve was performed testing MARS-5 against electronically measured
adherence. Sensitivity, specificity, positive and negative likelihood ratios of the closest MARS-5 cut-
off values to the top left-hand corner of the ROC curve were calculated. Results: High MARS scores
were obtained (median 24, interquartile range 22-24). Despite a statistically significant correlation
between MARS-5 and electronically assessed adherence (Spearman'’s rho = 0.47; p < 0.0001), there
was considerable variation of adherence rates at every MARS-5 score. The area under the ROC curve
was 0.7188. A MARS-5 score >23 had the best predictive ability for electronically assessed adher-
ence, but positive and negative likelihood ratios were too small to be useful (1.65 and 0.27, respec-
tively). Conclusions: Self-report using MARS-5 is too inaccurate to be a useful measure of adherence
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in children with asthma, both in clinical practice and in research.

Introduction

Adherence to daily medication is of critical importance in
determining the success of treating chronic conditions such as
childhood asthma [1-4]. Therefore, a reliable tool to assess
adherence to maintenance treatment in children with asthma
is needed, both for clinical and research purposes. Unfortu-
nately, however, the general desire of people to be looked upon
favourably prevents them from admitting nonadherence in clin-
ical interviews, a phenomenon known as social desirability
bias [4]. Indeed, it has been shown that parents’ and children’s
reports of adherence during the clinical interview consider-
ably overestimate true adherence rates [5—7]. Other methods of
assessing adherence such as pharmacy refill rates [8, 9], dose
counters and weighing returned canisters [6, 8] are only slightly
less inaccurate [4, 8].

Electronic monitoring devices (EMDs) recording the exact
time and date that an inhaler is used are the only really accu-
rate method of adherence monitoring and these have been well
validated [5, 8]. There is now consensus in the literature that
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such EMDs electronic devices are the recommended method
to measure adherence reliably, both in clinical practice and in
research [8, 10]. However, EMDs are not available for rou-
tine use in clinical practice. Therefore, most clinicians rely on
parental report to estimate the level of adherence in children
with asthma. Different approaches have been proposed for this
purpose. Parents can be asked whether any doses were missed
as this is associated with poor adherence [7]. It can also be
useful to explore parental illness perceptions and medication
beliefs, because these cognitions have consistently been shown
to be strong determinants of adherence [4, §].

Exploring and discussing such cognitions in a non-
judgmental way is time-consuming [8], but achieving agree-
ment about treatment goals using shared decision making after
discussing these cognitions is associated with high adherence
[3]. An alternative less time-consuming and communication-
intensive approach could be anonymous self-reporting by
using validated questionnaires. It has been suggested that this
approach may be a more reliable way of determining adher-
ence than self-report during a clinical interview because it
reduces social desirability bias [4, 11]. The Medication Adher-
ence Report (or Rating) Scale (MARS), a 10-item self-report
measure of medication adherence was designed for this pur-
pose and has demonstrated good psychometric properties and
reasonable validity in assessing adherence to psychotropic
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medications [12]. The original 10-item MARS has been mod-
ified to a more concise 5-item questionnaire, the MARS-5. In
this questionnaire, every item is scored from 1 to 5, yielding a
total score ranging from 5 to 25. Higher scores indicate higher
self-reported adherence.

Both versions of the MARS have been used as a surrogate
measure of assessing adherence to inhaled medications [9, 13,
14]. To date, however, no study has examined the reliability of
the MARS-5 against the gold standard (i.e., electronic adher-
ence measure) of adherence assessment in childhood asthma.
The objective of our study was to assess the value of the MARS-
5 to assess adherence in clinical practice and in research, using
EMD-assessed adherence as the gold standard in a sample of
Dutch children with asthma and their parents.

Methods

Design

This was a prospective cohort study in which adherence to
inhaled corticosteroids (ICS) was monitored for 1 year in 2—
13-year old children with persistent asthma. Details of study
design have been published previously [3, 15].

Patients

All patients had been using low-to-moderate doses of fluti-
casone propionate for at least three months before the start
of the study. ICS were delivered by age-appropriate inhaler
devices, the correct use of which was trained and checked by
the Centre’s paediatric asthma nurses. During the 1-year study
period, ICS dose was adjusted based on the degree of asthma
control achieved, following the Dutch national guideline for

Table 1. Characteristics of study patients (n = 133).
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asthma, which is comparable to international asthma manage-
ment guidelines.

At the start of the study, we collected demographic and clin-
ical data, including age; daily medication consisting of inhaled
corticosteroids (ICS) alone or in combination with long-acting
bronchodilators, and ICS dose; ACQ (Asthma Control Ques-
tionnaire [16]); lung function (FEV,, Rint, and their percent-
age change after 400 pgr of salbutamol); mother’s educa-
tional level; parental diagnosis of asthma; parental smoking;
and duration of outpatient clinic asthma care before study inclu-
sion. The MARS-5 questionnaire was completed at baseline by
parents of enrolled children (Table 1).

Follow-up

Adherence was assessed prospectively for one year by
Smartinhaler® (for metered dose inhaler (MDI)/spacer com-
binations) and SmartDisk® EMDs, validated electronic adher-
ence loggers recording date and time of each actuation. At each
follow-up visit, or during home visits when time to the next
follow-up visit exceeded 5 months, data recorded by the EMDs
where uploaded and proper recording function checked. Adher-
ence was calculated as the ratio between the electronically
recorded taken dosages and the prescribed dosages, expressed
as a percentage, censored at 100%.

Analysis

Electronically measured adherence was analyzed both as a con-
tinuous variable and dichotomized as good (>80%) and poor
(<80%) adherence as previous studies have shown that adher-
ence > 80% is associated with good asthma control [2—4].

Patients
Male gender (%) 86 (66%)
Age (mean; range; years) 6 (2-12)
Maintenance medication: -Inhaled corticosteroids (ICS) 87%

-ICS and long-acting bronchodilators (%) 13%

-ICS dose (fluticasone; mean; range; pug/day) 250 (125-500)
Number of children hospitalized with asthma in year before study (%) 37 (28%)
ACQ baseline (< 0.75 = well-controlled asthma, >1.5 = not well-controlled asthma) 0.50 (0. 17-1.17)
Positive specific IgE to common inhalant allergens (%, n = 126) 61%
FEV, baseline (z-score, n = 73) 031 +1.2
FEV| change: percentage change of FEV, after 400 pg salbutamol (n = 69) 5.4% +7.0%
Rint baseline (z-score, n = 33) 1.88 £29
Rint change: percentage change of predicted Rint-value, after 400 g salbutamol (n = 34) —27.7% £ 16.3%
MARS-5 (median; range)
Item 1: “I forget to take my inhalation medication” 4 (3-5)
Item 2: “I change the dosage of my inhalation medication” 5(3-5)
Item 3: “I stop taking my inhalation medication for a while” 5(2-5)
Item 4: “I decide to skip one of my inhalation medication dosages” 5(2-5)
Item 5: “I use my inhalation medication less than is prescribed” 5(2-5)
Sum score MARS-5 24 (16-25)

—3 months
—1 year

Electronic adherence measure (%):

Parents

Educational level of mother (1 = low and 7 = high)

Parental diagnosis of asthma

Parental smoking

Asthma care

Duration of outpatient clinic asthma care before study inclusion (months)
Scheduled visits to outpatient clinic in year before study inclusion

86% (70-93%)
83% (69-92%)

5(5-6)
40%
30%

21 (3-70)
4 (3-6)

Data are presented as mean + SD, or as median (interquartile range) unless otherwise stated; ACQ: asthma control questionnaire; Ig: immunoglobin;
FEV,: forced expiratory volume in 1 s; Rint: respiratory resistance by the interrupter technique.
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Because the distribution of adherence was highly skewed,
nonparametric analyses were used throughout. The relationship
of electronically measured adherence to MARS-5 score distri-
bution was assessed by Spearman’s rank correlation coefficient
(rho).

A ROC (receiver operating characteristic) curve was per-
formed testing MARS-5 against the gold-standard electroni-
cally measured adherence, both after 3 months and 1 year of
follow-up. Sensitivity, specificity, positive and negative like-
lihood ratios of the closest MARS-5 cut-off values to the top
left-hand corner of the ROC curve were calculated. Analyses
were performed with STATA version 13.1.

Ethics

The study was approved by the hospital’s ethical review board.
All parents provided written informed consent.

Results

Patient recruitment and follow-up

The recruitment and follow-up of children is presented in
Figure 1. Of the 147 children enrolled, 133 (91%) were
followed for 1 year. In the remaining children, ICS were
stopped by mutual agreement between paediatrician and par-
ents because the child’s asthma was in apparent clinical

232 visiting outpatient asthma
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remission (complete asthma control without the need for on-
demand bronchodilator use, no exacerbations and no limita-
tions in activities of daily life, sports and play for at least
12 months). Clinical and demographic characteristics are pre-
sented in Table 1. This was, on average, a middle-class Cau-
casian population. Most children had well-controlled asthma
during maintenance treatment with low-to moderate-dose
ICS.

MARS-5 results

Baseline MARS scores for each item ranged from 2 to 5, with
a median (interquartile range, IQR) MARS-5 sum score of 24
(22-24) points, indicating a very high level of self-reported
adherence (Table 1). Thirty-six children (27%) had a MARS-5
score < 23 (indicating poor adherence), and 11 (8%) had scores
< 20 points. Overall electronically measured adherence was
high, with median (IQR) adherence of 83% (69-92%). Fifty-
five children (41%) had poor adherence (<80%), and 21 (16%)
took less than 50% of prescribed doses.

Because mean adherence rates were comparable after
3 months and 1 year of follow-up (Table 1), and because the
relationship between MARS scores and electronically assessed
adherence rates were comparable for 3-months and 12-months
results (data not shown), we only present the comparison
between MARS-5 and electronically measured adherence after
3 months.

Exclusion of 30 children:

- 4 siblings of children included previously
- 8 children with severe comorbidity

- 18 children using ICS not compatible with

b
“ | adherence logger
202 eligible children
Parents of 4 children not reached by
‘ > telephone
~
Parents of 198 children contacted
by telephone Parents of 44 children declined participation
Parents of 7 children had limited knowledge of
Dutch language
' ”
-
147 children included in 1-vear
follow-up study
14 children lost to follow up:
> - ICS withdrawn before 3 month follow-up

g

Follow up of 133 children

- moved to other area
- technical failure of monitoring device
- parents stopped participation

Figure 1. Flow chart of patient selection.
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Figure 2. Scatterplot showing the relationship between MARS-5 scores
and electronically measured adherence.

The relationship between MARS-5 scores and electronically
assessed adherence is presented in Figure 2. Although there
was a statistically highly significant correlation between the
two variables (Spearman’s tho = 0.47; p < 0.0001), the scat-
terplot shows considerable variation of electronically assessed
adherence rates at every MARS-5 score.

Figure 3 shows the ROC curve of different cut-off levels of
MARS-5 to predict electronically assessed adherence. The area
under the ROC curve was 0.7188. Sensitivity, specificity, posi-
tive and negative likelihood ratios for the MARS-5 cut-off val-
ues with closest proximity to the upper left-hand corner of the
ROC curve are presented in Table 2. A MARS-5 score >23 had
the best predictive ability for electronically assessed adherence
(Figure 3 and Table 2). There was no significant correlation
between MARS-5 score and ACQ results at 3 and 12 months
of follow-up (rho < 0.2, p > 0.5).

Discussion

This study shows that MARS-5 scores are a poor and unre-
liable surrogate measure of electronically assessed adherence

1.00
1

0.75
1

0.50
1

MARS-5 CUTPOINTS

Sensilivity

0.25
1

0.50 0.75 1.00
1 - Specificity

0.00 0.25

Area under ROC curve = 0.7759

Figure 3. ROC (Receiver operating characteristic) curve evaluating the
accuracy of the MARS-5 compared with the reference standard (electron-
ically measured adherence). Dots represent the different MARS-5 cut-off
values.
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Table 2. Sensitivity, specificity, positive (LR+) and negative likelihood
ratios (LR-) of the closest MARS-5 cut-off values to the top left-hand
corner of the ROC curve.

MARS Correctly

cutpoints Sensitivity Specificity classified LR+ LR—
=22 98.7% 30.9% 70.7% 1.43 0.04
=23 87.2% 47.3% 70.7% 1.65 0.27
>24 70.5% 61.8% 66.9% 1.85 0.48

in children with asthma followed up for one year. Although
there was a statistically highly significant correlation between
MARS-5 scores and electronically assessed adherence, the
scatter of individual adherence values at each level of MARS-5
scores was considerable (Figure 2). In ROC analysis, MARS-5
values performed poorly in predicting electronically assessed
adherence rates (Figure 3), with positive and negative like-
lihood ratios that were too small to be clinically useful
[17] (Table 2). We conclude, therefore, that the MARS-5 is
too inaccurate to be a useful and valid measure of adher-
ence in children with asthma using inhaled daily controller
therapy.

The MARS has been developed as an anonymous method
to assess adherence rates in patients with a chronic disease
[18-20], with the aim of avoiding social desirability bias, which
reduces the inaccuracy of self-reported adherence in clinical
interviews [4, 11].

In previous studies, self-reported adherence failed to detect
most children with objectively measured adherence of less
than 80% [6, 9, 14]. MARS-5 has been evaluated by other
workers as an assessment tool of inhaled medication adher-
ence in adults, but only compared to pharmacy refill rates
[14]. In that study, MARS-5 showed poor accuracy and tended
to overestimate adherence as assessed by pharmacy refill
rates. Studies in children with asthma have shown that phar-
macy refill rates, in turn, overestimate electronically assessed
adherence [1, 13]. Although previous work therefore sug-
gested that MARS-5 is likely to be an inaccurate predic-
tor of electronically assessed adherence, our study, to our
knowledge, is the first actually comparing MARS-5 to the
gold standard of adherence measurement, i.e., electronically
assessed adherence to daily inhaled medication in children with
asthma.

In the present study, MARS-5 was shown to be a poor pre-
dictor of electronically measured adherence. In general, the
questionnaire overestimated patients’ adherence, which is in
accordance with previous studies [6, 14]. Previous work on
the same cohort showed that electronically assessed adher-
ence was a strong and highly significant determinant of asthma
control in these children [2]. In contrast, MARS-5 scores in
the present analysis were not significantly related to asthma
control at 3 and 12 months of follow-up. This supports the
view that MARS-5 measures a different construct than elec-
tronically assessed adherence: whilst the latter reflects medi-
cation taking behaviour on a daily basis, the MARS-5 likely
represents barriers patients experience in achieving optimal
adherence [14].

In addition, the questions of the MARS (Table 1) mainly
address intentional nonadherence, in which the patient (or, in
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our study, the parents) deliberately choose not to follow the
health care professional’s advice to take the daily controller
therapy [8]. Although this appears to be the most common type
of nonadherence [8], also in this cohort [3, 15], a significant
minority of patients are nonadherent because of insufficient
knowledge of the treatment plan and its underlying rationale
(unwitting nonadherence) [8, 21], or because of chaotic family
structure, psychiatric problems, or excessive medication-taking
responsibility given to the child (unplanned nonadherence) [8,
21-23]. These latter two types of nonadherence are hardly if
at all captured by the MARS. Taken together, these factors
may explain the poor reliability of the MARS to predict true
adherence, and imply that the MARS should not be used as a
proxy measure of adherence in clinical studies.

Strengths and limitations

The main strength of this study is the electronic assessment
of adherence which allowed us to assess the reliability of
the MARS-5 against the gold standard of adherence measure-
ment. Other strengths include the long duration of the study
(12 months) and the fact that this was a real-life study of com-
prehensive guideline-based asthma care, not a study employing
a specific intervention to improve adherence.

The main limitation of our study is its generalizability.
Because our study population came from Caucasian middle-
class families, the applicability of our findings to other
social settings remains to be established. However, given the
fact that MARS scores were almost equally high in other
studies employing the instrument in children with asthma
[9, 13, 14], and because the adherence rate in our study is
uniquely high in comparison to other studies in the field
[3, 8], it is highly unlikely that the MARS-5 will perform
better in predicting true adherence in a low-adherent pop-
ulation. Another limitation of our study is that we only
administered the MARS-5 once, at baseline, and not during fur-
ther follow-up. Given the relatively stable nature of adherence
rates in our study population throughout follow-up (Table 1),
we consider it unlikely that MARS-5 values during further
follow-up would have produced considerably different results.

Conclusion

Self-report using MARS-5 is too inaccurate to be a useful proxy
measure of adherence in children with asthma, both in clinical
practice and in research.
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