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Abstract

Objective The aim of this study was to examine the
practicality and accuracy of using an electronic monitoring
device as a means of measuring medication adherence in
elderly stroke survivors, with emphasis on patients’
experiences.

Methods The Medication Event Monitoring System
(MEMS), which records date and time of pill-bottle
openings, was used to measure adherence to antihyper-
tensive medication in a randomized controlled trial (RCT)
of a brief psychological intervention with 58 stroke sur-
vivors. Patients were asked to describe and rate their ex-
periences of using the MEMS pill bottle.

Results MEMS adherence was related to both pill count
and self-reported adherence (Medication Adherence Report
Scale). Most patients found the MEMS acceptable and easy
to use, although some found it cumbersome and/or expe-
rienced difficulties with the cap. Nearly half (48 %) re-
ported at least one instance where MEMS data did not
reflect their pill-taking behavior (e.g. taking a tablet out the
day before to take on a flight); 55 % of patients indicated
that the MEMS helped them remember their medication,
suggesting a mere measurement effect.
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Conclusion Electronic pill monitoring has many flaws,
including practical difficulties and data inaccuracies. There
was evidence of a measurement effect, indicating that
MEMS should be used in both intervention and control
arms when used to measure adherence within RCTs. We
also observed that the MEMS pill bottle is not suitable for
measuring adherence in patients who use their own ‘days
of the week’ box for sorting medication, as we found
poorer adherence at follow-up in this group. Despite these
limitations, we conclude that electronic monitoring pre-
sents the best method currently available for objective
measurement of adherence, especially where detailed tim-
ing information is required. Accuracy may be improved by
the concurrent use of other measures (e.g. pill count, self-
report).

Introduction

Failure to take medicine as prescribed can reduce the ef-
fectiveness of treatment regimens, yet adherence to
medication is often sub-optimal; thus, interventions which
improve medication adherence are required [1]. However,
accurately measuring medication adherence remains a
problem for both researchers and health professionals.
Adherence is often measured by patient self-report, tallying
pill counts with prescribed doses or using medications
dispensed as a proxy for medications taken; all of these
have scope for inaccuracies, including memory failure
(self-report) and not recording the time or day on which the
tablets were taken (pill tally and medications dispensed).
Currently, the closest method to a ‘gold standard’ is the use
of electronic pill-bottle caps, which record the time and
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date of cap openings. It is presumed that, if patients are
given correct instructions (e.g. “Only open the bottle when
you are due to take your tablet[s], and only take out one
dose at a time”), these will provide an objective measure of
when and how patients take their tablets. However, there is
no guarantee that patients actually swallow the tablet(s) at
the time of opening, if at all.

Electronic devices have been shown to significantly
correlate with other methods of measuring adherence (in-
cluding self-report and pill counts) and generally show
lower levels of adherence than self-report, which may be
expected as patients may favorably self-report their pill-
taking [2]. This suggests that electronic methods may
provide an accurate record of actual adherence. Nonethe-
less, a number of problems with the use of electronic pill
monitoring have been highlighted [3]. These include pa-
tients not using the pill bottle as instructed (e.g. taking out
a week’s tablets at a time), interference with existing
routines, and malfunctioning of the electronic device itself.
Further, it is difficult to estimate to what degree the use of
such devices increases adherence in patients simply be-
cause they know their medication taking is being mon-
itored (i.e. mere measurement effect) [4]. In some
instances, data recorded by electronic devices may be a
poor indication of medication-taking behavior; for exam-
ple, in HIV patients living in difficult conditions [5]. A
review of electronic devices in elderly patients supported
their validity as a measure of medication adherence, but
this review did not evaluate their use from the patients’
perspective [6].

In this paper, we report patients’ experiences of the use
of an electronic pill bottle, the MEMS (Medication Event
Monitoring System, MEMS®, Aardex Ltd, Switzerland), in
a randomized controlled trial (RCT) of a brief, psycho-
logical intervention aimed at increasing adherence in stroke
survivors. The MEMS cap contains a computer chip which
records the date and time of each opening, which is then
downloaded to a personal computer for subsequent analysis.
Antihypertensive medication was targeted for MEMS
measurement, as poorly treated blood pressure significantly
increases the risk of future vascular events [7], and only
30-50 % of patients regularly take their antihypertensive
drugs as prescribed [8]. In order to ensure that any increases
in adherence were due to the brief psychological interven-
tion and not the use of the MEMS pill bottle, we used the
MEMS in both control and intervention treatment arms, as
adherence has been shown to increase simply as a conse-
quence of patients knowing it is being measured [4]. The
proportion of tablets taken on schedule was higher in the
intervention group than in the control group (97 vs. 87 %;
between-group difference 10 % [95 % CI 0.2-16.2]) [9].

We had high levels of contact with each patient during
the study, hence we were not only able to monitor their use
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of the MEMS containers, but also to appraise the accuracy
of the MEMS recordings in relation to the time patients
actually swallowed their pills. These reported experiences
did not appear to differ by treatment arm. We also com-
pared MEMS adherence to self-report and pill count
measures, and report the use of the MEMS pill bottle and
its effect on medication-taking behavior from the patients’
personal viewpoints.

Methods
Participants

Participants were recruited from consecutive discharges
from the stroke unit at the Western General Hospital in
Edinburgh. Inclusion criteria for the intervention were first
stroke or transient ischemic attack; discharged to home; on
any antihypertensive medication; and had self-reported
sub-maximal adherence (using the Medication Adherence
Report Scale [MARS]). Exclusion criteria were using a
pharmacy-supplied dosette box or not responsible for their
own medication (e.g. given to them by a carer). Ethical
approval was given by the South East Scotland Research
Ethics Committee (REC ref. no. 09/S1102/36).

Fifty-eight people used the MEMS pill bottle (n = 29 in
each treatment arm), and were analyzed as allocated [9].
All were white British, 64 % were male, and the mean age
was 69.2 £ 10.7 years (range 51-85). Patients were of
higher socioeconomic status than the average for the region
(i.e. 51.7 % were from the least deprived quintile of
Scottish Index of Multiple Deprivation vs. 44.1 % for
Edinburgh).

Measures

Our primary outcome measure was electronically recorded
openings using MEMS pill bottles. Following Brown et al.
[10], we used MEMS readings to calculate percentage of
doses taken, days on which the correct dose was taken, and
doses taken on schedule (i.e. within a 3-h window of the
median time taken). Although the MEMS itself did not
form part of the intervention, we used the MEMS pill bottle
in both treatment arms as it has been shown to have a
possible measurement effect on adherence [4].

The MARS [11] consists of five items (each scored on a
scale of 1—5) relating to taking medication. The wording
of the MARS reflects missing medication as a normal be-
havior, with the aim of eliciting honest responses. We
calculated three scores: total adherence (i.e. sum of all
items); non-intentional non-adherence (i.e. forgetting; item
1 score); and intentional non-adherence (i.e. choosing not
to take medicine as prescribed; sum of items 2—5). Sub-
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maximal adherence was defined as a MARS total score
<25.

The total number of tablets put into the MEMS pill
bottle by the research fellow at visits 2, 3, and 4 minus any
remaining tablets at visit 5 was used to calculate pill count
(tablets dispensed), which was then expressed as a per-
centage of total days of pill recording.

Procedure

Patients were screened at first interview using the Mini-
Mental State Examination (MMSE) [11] to ensure that they
did not have cognitive difficulties (i.e. scores <23) which
could affect study participation. There were no exclusions.

The brief psychological intervention was conducted
during two home visits, 2 weeks apart. For the intervention
group, the aim of the first session (visit 1) was to develop
an implementation intentions plan (i.e. if/then) to aid the
patient in remembering to take their medication (e.g. “if it
is 8 am and I am in the kitchen and I am having breakfast,
then I will take my first tablets of the day”). The second
session (visit 2) aimed to elicit and where appropriate ad-
dress any mistaken beliefs that the patient may have had
about their medication (e.g. “My blood pressure is now
within the normal range, so I can stop taking my pills”).
The control group received an equivalent amount of con-
tact from the same researcher who conducted the inter-
vention, in order to control for therapeutic contact. In the
two control group sessions, the discussion was steered to
general topics regarding the patient’s stroke (e.g. how they
were coping, their experience in hospital). Further details
of the intervention are reported in the paper discussing the
primary results of the study [9].

The MEMS pill bottle was used for 3 months (mean
82.2 4+ 17.4 days; range 16-90) in both treatment arms,
and was re-filled with one of the patient’s antihypertensive
medications at & 1-month intervals (at visits 2—4) by the
research fellow, who also conducted the intervention. The
cost of the MEMS cap (~£65/$US105 at the time of our
research) prohibited its use with more than one medication
per patient. The medication chosen was either that most
frequently taken (e.g. twice rather than once daily) or, if no
difference, that which was most convenient to the patient.
Patients were instructed that when they were ready to take
their medication, they should open the bottle, take out a
single dose, and reclose the bottle. They were given the
opportunity to practice on a spare bottle before being given
their own MEMS pill bottle filled with their antihyperten-
sive, at the end of visit 2. Patients in both treatment arms
were told that we were using the MEMS pill bottle to
gather information about how people took their medication
for the purposes of research, and their data would not be
relayed to anyone else, including the doctors and nurses

responsible for their medical care. The monitoring period
commenced on the day following visit 2, therefore open-
ings carried out at visit 2 were not included in the analysis.
Openings relating to the refilling of the bottle by the re-
search fellow at visits 3 and 4 were also excluded from any
analysis.

At the final interview (visit 5), patients were asked to
rate (using a 7-point Likert scale that ranged from ‘strongly
agree’ to ‘strongly disagree’) the ease of use, acceptability
and helpfulness of using the MEMS pill bottle. They were
also invited to recount their experiences of using the
MEMS pill bottle. All interviews were recorded and fully
transcribed.

Analysis

Analysis of the main intervention effects was conducted on
an ‘analyzed as allocated’ basis [9]. Missing data was
handled by multiple imputation (five datasets), and results
were pooled according to Rubin’s rules. Analysis of vari-
ance was used to test differences between groups. Spear-
man correlations were used to assess associations between
measures of adherence. Limits of agreement (LOA) were
calculated for differences between measures of pills taken
(i.e. MEMS and pill count). LOA provide an assessment of
the variation in between-measures differences for indi-
vidual patients, with 95 % of differences expected to fall
within the defined limits [13]. Agreement is considered
good if the mean difference is close to zero and the LOA
are relatively narrow. If there is good agreement, it may be
concluded that the two measures could be used
interchangeably.

Results

There were significant correlations between pill count and
MEMS adherence (0.56 < p < 0.73) [Table 1]. The mean
differences between pill count, MEMS total doses taken,
and days correct dose taken were small and the LOA be-
tween these three measures were narrow (Table 1), indi-
cating good levels of agreement. The plot of differences
between total doses and pill count against the mean of these
measures supports high agreement (Fig. 1); further, the
association of the difference and mean is very small
(Spearman’s p = —0.07), indicating that the agreement
holds at all levels of adherence [13]. In contrast, both
correlations and LOA indicate lower agreement between
percentage of doses taken on schedule with total doses,
days correct doses taken, and/or pill count (Table 1). The
plot of differences between total doses and doses taken on
schedule against the mean of these two measures (Fig. 1)
also suggests that agreement is relatively poor, particularly
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Table 1 Mean and Spearman correlations of MEMS adherence with MARS scores and pill count at 3-month follow-up (n = 58)

Adherence measures MARS scores Spearman correlations (95 % limits of agreement)
Mean (SD)  Range® 1 2 3 4 5 6
MEMS pill bottle
Percentage of prescribed doses 96.0 (10.4) 53-102
taken
Percentage of days correct dose 95.1 (11.1)  51-100  0.73%*%**
taken (—4.2 to
6.0)
Percentage of doses taken on 91.3 (15.6) 21-100  0.60%*** 0.71%**
schedule (—11.8 (—13.1
to 21.2) to 20.8)
Pill count
Percentage of pills dispensed 96.2 (10.3)  52-104  0.72%%* 0.717%%% 0.56%**
divided by days of bottle use (—4.3 to (—7.1 to (—21. to
3.9) 4.9) 12.1)
MARS—self-reported adherence
Non-intentional non-adherence 4.1 (0.6) 2-5 0.33* 0.37* 0.32%* 0.42%*
(forgetting): 1 item
Intentional non-adherence: 4 items 19.9 (0.6) 16-20 0.21 0.18 0.22 0.25 0.20
Total self-report adherence: 5 items  23.9 (1.0) 18-25 0.36%* 0.37%* 0.35%* 0.46%**  (.61%%F  (.87***

High scores indicate higher adherence on all measures. Pooled values are given for correlations with MARS scores (one imputed value)

Limits of agreement [12] are not appropriate for associations of MARS with MEMS or pill count, as MARS is not a measure of pills taken
MARS Medication Adherence Report Scale, MEMS Medication Event Monitoring System, SD standard deviation

*p < 0.05, % p < 0.01, ** p < 0,001

? Percentage of doses taken could be >100 % if patients had double-dosed at any time

for low levels of adherence (as indicated by a significant
association of difference and mean [i.e. Spearman’s p =
—0.79; p < 0.001]). These findings indicate that total doses
taken, days correct dose taken, and pill count appeared
interchangeable, but that none of these measures were a
good estimate of regularity of pill taking, particularly for
low adherers.

Pill count and MEMS adherence were moderately cor-
related with both non-intentional non-adherence (forget-
ting) and total MARS scores (0.32 < p < 0.46), but the
associations with intentional non-adherence were not sig-
nificant, nor were intentional and non-intentional MARS
non-adherence significantly related. Non-adherence in the
current RCT appeared to be more due to patients forgetting
to take their medication, rather than choosing not to take it.

Ease and acceptability of using the MEMS pill bottle

Fifty-six patients (28 in each treatment arm) completed the
Likert scales regarding using the MEMS pill bottle and
commented on its use. The pill bottle presented a number
of challenges for both participants and researchers. Patients
reported finding it large, cumbersome, top heavy and easy
to knock over (this did not result in any electronic failures)
(e.g. “I would hate to have one for every tablet I'm taking.
I mean the bulk of the thing!” [male aged 81 years,
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intervention group]), although its size could also act as a
useful visual reminder (“Well, [it was helpful due to] the
fact it was large and you could see it all the time.” [male
aged 85 years, control group]).

Some patients had difficulties opening or closing the
bottle, including the spring-loaded cap flying out of their
hands (e.g. “Well... to start off with, unscrewing it, I was a
bit wobbly with that.” [male aged 64 years, intervention
group]). Pharmacy advice made it a requirement to leave
pills in blister strips, as removing some medication could
result in deterioration as a result of air contact." However,
the blister strips were frequently too large for the pill bottle
(despite using the largest available bottle), meaning they
had to be cut into smaller strips. As a result, patients
sometimes had difficulty removing the strips (“It was dif-
ficult to dig these out; they tend to get stuck under the lip.”
[male aged 56 years, control group]); and a few reported
having difficulty pressing their pills out of the (smaller than
usual) strip (“There’s nothing much to push through.”
[female aged 65 years, intervention group]).

' we appreciate that, in normal circumstances, some patients may
remove their own medication from blister packaging (e.g. to put in
their own ‘days of the week’ boxes); however, we were constrained to
keep tablets in blister packs within the current research in accordance
with pharmacy advice.
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Fig. 1 Plot of differences between Medication Event Monitoring
System (MEMS) total doses taken and (fop) pill count or (bottom)
doses taken on schedule against mean of these measures, showing
mean difference (solid line) and limits of agreement for difference
(dashed lines)

Most patients were on multiple medications and this also
posed problems for some, as it meant one of their
medications was being treated differently from the others
(“Yes, it gave me another bottle to open and another thing
to think about. Yes, it was harder for me.” [female aged
82 years, control group]; “[It’s not easy to use] because
there was only one tablet in it. Perhaps if I had all my
tablets in it.” [female aged 76 years, intervention group]).
Patients who looked after young grandchildren were con-
cerned that the MEMS cap had no child-safety mechanism.

Patients frequently expressed interest in the workings of
the MEMS cap (e.g. “So the wee spring, when you take the
lid off, the spring expands or something” [male aged
79 years, control group]), and quite a few commented on
the potential flaws in the system as an accurate record of

pill-taking (“It doesn’t even tell you how many tablets you
are taking at a time. It’s restrictive.” [male aged 74 years,
control group]; “You might get a craftier person opening
the lid and not taking the tablet.” [male aged 79 years,
control group]).

However, despite the concerns and difficulties men-
tioned above, only 4 % of patients did not agree that the
MEMS pill bottle was easy or acceptable to use (Fig. 2),
and the vast majority agreed or strongly agreed with both
statements (e.g. “I found the pill bottle easy to use. Yes,
perfectly acceptable.” [male aged 55 years, intervention

group]).
Helpfulness of using the MEMS pill bottle

Although it was not intended that the MEMS pill bottle
would increase adherence, 31 patients (55 %) agreed that
they had found the MEMS pill bottle helpful in remem-
bering to take their tablets, whilst only 16 (29 %) disagreed
that it was helpful (Fig. 2). Reasons given for helpfulness
included that it was something different or more noticeable
(e.g. “it was helpful because... it’s attracting you, it is
sitting there and you say, ‘My tablet!’, ken.” [male aged
77 years, intervention group] and “I found it a good thing,
yes... because the bottle is there and... I think you’re more
inclined to say, ‘Yes’, if I see it, I take it.” [female aged
74 years, control group]). Some patients from both groups
remarked that knowing it was being measured made them
more conscientious in taking their medication (e.g. “but
certainly... it reminded me I had to undo the bottle.
Otherwise, I could hear you saying, ‘My God, he’s still in
his bed at 11 o’clock in the morning!’” [male aged
85 years, intervention group] and “Even though I was
pretty bad at taking them ...I did know that it was being
recorded sort o’ thing ...... so I did try harder.” [female
aged 56 years, control group]). Some patients reporting

60 - | Strongly agree
mAgree

@ Slightly agree
ONeither

O Slightly disagree
| Disagree

O Strongly disagree

Percentage

36

18 18
‘M°mM

Acceptability
MEMS pill-bottle

Helpfulness

Ease of use

Fig. 2 Patient views of Medication Event Monitoring System
(MEMS) pill bottle: ease of use, acceptability and helpfulness
(n = 56)
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feeling guilty if they had missed a tablet, as the research
fellow would know this from the MEMS recordings (e.g. “I
just felt that I was being watched all the time. It’s like big
brother!” [male aged 79 years, control group]). However,
others expressly said that knowing it was being recorded
had not made any difference to them (e.g. “No, no, no I
never worried about that at all.” [female aged 74 years,
control group]).

Mere measurement effect

We did not collect MEMS readings pre-treatment and there
were no changes over time in MEMS adherence across the
3 months of data collection, contrary to our expectation
that adherence would tail off in the control group due to an
initial measurement effect from patients knowing their pill-
taking was being monitored [9]. Self-reported MARS ad-
herence significantly increased from pre-treatment to fol-
low-up across both treatment arms (mean increase 0.62,
95 % CI 0.3—-0.9, p < 0.001) and patients in both groups
said the MEMS was helpful at remembering their tablets,
suggesting a degree of measurement effect in both treat-
ment arms, which was still evident at 3 months. Impor-
tantly, there was no association between treatment group
and how helpful patients viewed the MEMS pill bottle to
be in remembering their tablets ()(2(6) = 4.4; p = 0.620)
and patients views of the helpfulness of MEMS were not
directly related to any adherence scores (MEMS, MARS or
pill count) (—0.09 < p < 0.09; 0.491 < p < 0.976).

Patients who used their own ‘days-of-the-week’ box

Patients consenting to the intervention who reported using
their own ‘days-of-the-week’ box (which they filled with
all of their tablets on a weekly, fortnightly or monthly
basis) were asked if they wanted to continue with the study
as this would mean one of their antihypertensives being
moved from their own box to the MEMS pill bottle. Of
these patients, 16 (seven in the intervention group and nine
in the control group) agreed to continue, whilst only four
declined. Participants who used a ‘days-of-the-week’ box
(n = 16) did not differ from those not using a box (n = 42)
with regard to pre-treatment MARS adherence (mean
23.0 &+ 1.3 vs. 23.3 £+ 1.4; 95 % CI for difference —0.5 to
1.1; p = 0.488). Further, there was no evidence that using
a ‘days-of-the-week box’ relative to not using a box was
related to greater cognitive impairment (mean MMSE
28.3 £ 1.5 vs. 28.5 &+ 1.3; 95 % CI for difference —0.6 to
1.0; p = 0.631) or age (69.8 + 12.3 vs. 69.0 £ 10.2 years;
95 % CI for difference —7.1 to 5.6; p = 0.808).
However, some of those using their own ‘days-of-the-
week’ box commented that using the MEMS pill bottle had
made it harder for them (e.g. “Well, all my other tablets
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were taken apart from that one day, so what I’ve done is
took my normal tablets and I forgot tae open the bottle...”
[female aged 55 years, control group, talking about a mis-
sed MEMS tablet]). In addition, those who had previously
used a ‘days-of-the-week’ box had lower scores on all ad-
herence measures at 3-month follow-up, and significantly
lower adherence on percentage of doses taken on schedule
than those who had not (83.9 £+ 17.4 vs. 94.1 £+ 13.9 %;
95 % CI for difference 1.2-19.1; p = 0.026).

MEMS recording: data issues

As well as practical difficulties highlighted above (i.e.
getting the medication into the pill bottle), there were a
number of recording discrepancies that presented chal-
lenges in the data set. First, almost half (n = 27) of the
patients travelled away from home during the recording
period; and 12 % (n = 7) travelled abroad to different time
zones (including a round-the-world-trip). Our intervention
was aimed at developing medication-taking habits, linked
to patients associating their medication with a specific time
of day and regular activity (e.g. 8 am, breakfast); therefore,
we were most interested in regularity of pill taking, which
was clearly affected by time zone changes resulting from
foreign travel. Because of its size, patients also sometimes
chose not to take their MEMS pill bottle with them when
away from home either on holiday or for overnight stays
with friends, resulting in ‘missed’ days.

A number of patients did not use the pill bottle as in-
structed. For example, one patient who used their own
‘days-of-the-week’ box took out a whole week’s worth of
tablets to fill their own box; another consistently failed to
fully screw the cap back onto the pill bottle, meaning it did
not record openings over an extended period; and a few
patients opted to use the pill bottle as a convenient pill
container when travelling away (“When I went away to
Spain, I just put all the tablets in that.” [male aged
50 years, control group]), resulting in extra openings to add
in (or take out) other medications to the one being
recorded. In some instances, patients attributed extra
openings to inquisitive family members, who they believed
had been interested in its workings or contents. Patients
often reported taking out pills to swallow at a later time,
including the next day (research fellow: “So you’d already
got your tablets out [of the containers] and then you went
downstairs and then you came back and took them?”; pa-
tient: “Oh, they were... all out waiting for me coming back
to have my breakfast. But I think on one occasion, you
know, it was about 11 o’clock before I got my breakfast.”
[male aged 84 years, intervention group]; “The early
shift... I took it out, put the three tablets in there [small pill
box] and just took them to work and had them about...
half-past nine.” [male aged 59 years, control group]).
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Overall, only 30 patients (52 %) reported no incidents
which may have affected the accuracy of the MEMS
recordings as a reflection of actual pill-taking behavior.
Therefore, 28 patients (48 %) had at least 1 day during
the 3-month period when they reported taking their tablets
as prescribed, but for which there was no MEMS
recording (five patients ran out of tablets in the pill bottle
before the re-fill date; three failed to use the MEMS pill
bottle as instructed; two removed tablets the day before to
take the next day [e.g. when travelling by plane]; and
seven chose not to use the MEMS pill bottle at particular
times [e.g. overnight stays]) and/or at least 1 day with an
extra MEMS recording (eight patients took tablets out in
advance of swallowing them; three reported openings
made by other people in their household; one opened it to
check they had taken an earlier tablet; two added other
tablets for a trip away; and one opened it because they
had forgotten to put the blister pack back in). As the
research fellow had extensive contact with patients during
the course of the study, we were certain that in all of
these instances, the resulting recorded electronic data was
not an accurate representation of the patient’s actual
medication-taking behavior. Fortunately, these incidents
did not differ by treatment group and so have not affected
our overall findings.

Discussion

Although the vast majority of patients in our RCT reported
that using the MEMS pill bottle was easy and acceptable, a
number of physical and practical problems emerged. Pa-
tients found the bottle large and cumbersome, and some
reported that it was an extra thing to remember, mirroring
the experiences of older renal patients [14]. There was no
direct relationship between measured adherence and how
helpful patients viewed the MEMS pill bottle in remem-
bering their medication, supporting earlier findings that
patients’ positive views of the MEMS did not result in
biased measurement [14]. In contrast, however, patients’
comments in the current study regarding the effect of
knowing their adherence was being measured plus a self-
reported increase in adherence in both treatment arms
suggests there was a degree of measurement effect (i.e.
adherence may have increased as a direct result of it being
measured by the MEMS cap).This contradicts the results of
a recent study in 226 adults taking diabetic medication,
which concluded there was a non-significant increase in
MARS adherence when using a MEMS container, and
hence there was no measurement effect [15]. However,
39 % of patients reported maximum adherence at baseline;

thus, there was no scope for increase in a sizeable pro-
portion of the sample. Importantly, for the current RCT,
there was no relationship between patients’ views of
helpfulness of the MEMS and treatment group, thus, by
using the MEMS pill bottle in both treatment arms, we
have successfully controlled for any measurement effect in
this pilot study.

It has been recommended that using a range of different
measures within studies will produce the best chance of
generating an accurate picture of actual adherence [16],
and the current RCT was able to compare the MEMS pill
bottle with other measures of adherence. Known violations
of MEMS pill bottle usage mean we are certain that the
data were not always an accurate reflection of actual pill
taking in almost half of our patients. Nonetheless, the high
association of MEMS with both self-reported adherence
and pill count suggests that, when patients are given clear
instructions as to its use, the MEMS cap provides a good
method of adherence measurement. The very high agree-
ment between pill count and MEMS doses in this RCT may
be due to the fact that pill count was controlled by the
research fellow across the five study visits; levels of
agreement are likely to be lower for pharmacy pill counts,
which rely on patients remembering to bring their pills to
appointments. The detailed information provided by the
MEMS recordings means we were able to examine the
regularity of pill taking within a £3-h window, which was
important to our intervention, and may be critical for other
stroke medications, such as warfarin. In addition, the
relatively poor levels of agreement between doses taken on
schedule with the measures of pills taken suggest that,
where regularity of pill taking is important, overall mea-
sures such as pill count are unlikely to provide an accurate
picture of adherence behavior, which may lead to biased
conclusions.

A limitation of this research is it was conducted in a
small sample of higher socioeconomic, elderly stoke pa-
tients, meaning the findings might not generalize to other
populations. Although older patients may have poorer ad-
herence and greater difficulty in using the MEMS bottle,
potentially due to physical or cognitive impairment, so-
cioeconomic status has not been shown to be consistently
related to medication taking [1]. A further limitation is that,
due to the high cost of the MEMS pill bottle, we only
measured adherence for one medication, and elderly pa-
tients are likely to be on multiple medications for chronic
illnesses. Nonetheless, we observed that where possible,
most patients tended to take their medications at the same
time, particularly their morning pills; thus, if they re-
membered to take one medication, they were likely to re-
member them all.
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Conclusion

The current paper assessed the practicalities and accuracy
of using an electronic measuring device as an objective
measure of adherence to antihypertensive medication in an
RCT. Such an assessment was possible because of the
extensive contact with patients in our RCT, including the
opportunity for participants to discuss their personal ex-
periences of using the MEMS pill bottle. These results
form part of a pilot RCT that aimed to increase adherence
via a psychological intervention [9]. We found that there
were a number of occasions where the MEMS reading
would not reflect actual pill taking for around half of the
patients in our sample. There was also evidence of a
measurement effect, with an increase in self-reported ad-
herence across both the intervention and control groups.
We deduce that, in RCTs, electronic measurement should
be used in all treatment arms, so that any observed in-
creases in adherence can be attributed to the intervention
and not the use of the MEMS. In addition, patients using
their own ‘days-of-the-week’ box had poorer MEMS ad-
herence at follow-up and so changing the routines of these
patients for the purposes of recording medication usage
was not helpful. Thus, we would advise that people who
already use their own ‘days-of-the-week’ box are excluded
from research using the MEMS pill bottle to measure ad-
herence, as their medication routines may be adversely
affected. Despite these issues, we conclude that electronic
pill monitoring is still likely to present the best method of
objectively recording adherence currently available, par-
ticularly where detailed information regarding timing is
important. Accuracy of measurement may be improved by
combining electronic measurement with a range of differ-
ent measures (e.g. pill count, self-report).
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