
ORIGINAL PAPER

Validation of a New Three-Item Self-Report Measure
for Medication Adherence

Ira B. Wilson1 • Yoojin Lee1 • Joanne Michaud1 • Floyd J. Fowler Jr.2 •

William H. Rogers3

Published online: 20 April 2016

� Springer Science+Business Media New York 2016

Abstract Few self-report measures of medication

adherence have been rigorously developed and validated

against electronic drug monitoring (EDM). Assess the

validity of the 3-item self-report scale by comparing it with

a contemporaneous EDM measure. We conducted an

observational study in which adherence assessments were

done monthly for up to 4 months for 81 patients with HIV

who were taking antiretroviral medications. We report

results for both HIV antiretroviral medications, and also for

other, non-HIV-related medications. Raw and calibrated

self-report adherence measures, electronic drug monitoring

adherence measures, and sociodemographic variables. The

mean age of patients was 46 years, 37 % were female,

49 % had some education beyond high school, 22 % were

Black, and 22 % were Hispanic. Cronbach’s alphas for the

3-item scale for HIV and non-HIV medications were 0.83

and 0.87, respectively. The mean differences (raw/uncali-

brated self-report scale minus EDM) for HIV and non-HIV

medications were 7.5 and 5.2 points on a 100-point scale

(p\ 0.05 for both). Pearson correlation coefficients

between the calibrated 3-item scale and the EDM for HIV

and non-HIV medications were 0.47 and 0.59, respectively.

The c-statistics for the ROC curves for the calibrated scale,

using cut-offs of 0.8 and 0.9 for the EDM gold standard

measure to define non-adherence, were between 0.74 and

0.76 for HIV and non-HIV medications. This 3-item

adherence self-report scale showed good psychometric

characteristics and good construct validity when compared

with an EDM standard, for both HIV and non-HIV medi-

cations. In clinical care it can be a useful first-stage

screener for non-adherence. In clinical research and quality

improvement settings it can be a useful tool when more

complex and expensive methods such as EDM or pharmacy

claims are impractical or unavailable.

Keywords Medication adherence � Highly active

antiretroviral therapy � Self-report � HIV � Patient

compliance

Introduction

Medication adherence researchers have long debated the

validity of self-report [1]. A wide variety of self-report

measures have been used, but few have been carefully

tested. Care providers could use a valid self-report measure

to screen patients for potential adherence problems.

Researchers could also benefit from valid self-report

measures. While there are a variety of other ways to assess

medication adherence, all are complex and therefore

somewhat expensive [2]. Alternative methods include the

use of pharmacy claims databases [3], use of electronic

drug monitoring devices [4], and the use of unannounced

counts [5]. Unannounced pill counts can be done both in

person, and over the telephone.
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We previously reported the development and field testing

of three self-report items [6, 7]. To develop these items, we

conducted a literature search to identify self-report items that

had been used for either HIV antiretroviral medications or for

other medications. An example is the commonly used Mor-

isky scale [8]. After four rounds of cognitive testing, we

narrowed down the self-reported items to three: one that

assessed the number of days of medication missed in the last

month, a second that assessed frequency of medication taking,

and a third that asked patients to rate their medication taking.

We then conducted a field test which showed that the three

items had good internal consistency reliability [6]. In this

paper we report the results of a study to assess the validity of

these three self-report items, for both HIV antiretroviral

medications, and also for non-HIV antiretroviral medications.

This validation study compares the self-report items to

adherence data gathered using an electronic drug moni-

toring (EDM) device. We present analyses using two

scoring approaches: one that assigns a score to each item

response using a linear 0–100 scale (raw score), and a

second that assigns a score to each item response based on

the EDM result (calibrated score).

Methods

Participants and Study Procedures

Participants for this validity study were patients with HIV

cared for at a hospital-based HIV specialty care practice.

All study procedures were reviewed and approved by both

the hospital and a university IRB. Enrollment criteria

included being HIV-positive, currently being treated with

an HIV antiretroviral medication and at least one other

non-HIV related chronic medication, being over the age of

18 years, and having had a detectable viral load at one of

the two most recent viral load assessments.

At the first or baseline visit, study participants com-

pleted a survey which included questions about sociode-

mographics, HIV risk factors, the three self-report

adherence items, and other factors potentially related to

medication adherence. At the baseline visit participants

also were given a MedSignals� cellular medication moni-

toring device (http://www.medsignals.com), and trained to

use the device. This MedSignals device contains four bins

or bays, allowing up to four medications to be monitored

simultaneously. Each time the cover to a bay is opened, an

event is registered by the software in the device, and these

events are transmitted wirelessly to a server. Medications

were chosen to be placed in each of the bays according to

study protocols. All four bays were used, if possible.

The study design called for patients to make three

additional study visits at one-month intervals after the

baseline visit. At each of these subsequent visits, partici-

pants reported on their current prescription regimen,

responded to the self-report items for each of the medica-

tions followed in the MedSignals bays, and responded to a

subset of selected scales. This was a strictly observational

study. There was no associated intervention. The reminder

functions on the MedSignals device were disabled.

Patients’ physicians were not told of patients’ adherence

results.

Data Collection

Laptop computers were used to collect self-reports. For the

self-report items pertaining to alcohol and drug use,

demographics, and socio-economic status, an ACASI

approach was used. A CASI approach was used for med-

ication adherence self-report items to minimize missing

data.

We instructed patients in the use of a diary in which they

could record times when they did not use the MedSignals

device as instructed. For example, if a patient went out for

an evening, or away for a weekend, and instead of taking

the MedSignals device they took the pills they would need

with them (that is, they ‘‘pocketed’’ the doses), then we

asked them to record that in the diary. When the study

ended, we collected the diaries. We also asked at each

follow-up visit if the participant ever used the device in a

non-standard way. When patients described events in their

diaries or in the interview that were not captured by the

MedSignals device, we inserted these presumed adherence

events into the electronic record, which resulted in a total

of 38 event changes for 22 participants.

Variables

Sociodemographic Variables

Sociodemographic variables included age in years, gender,

educational level, race, ethnicity, HIV risk factor, sexual

orientation, housing stability, income, primary language,

and health insurance. Depression was assessed using the

PHQ-9 [9], alcohol use was assessed using the AUDIT

[10], and substance abuse was assessed using the Substance

Abuse and Mental Illness Symptoms Screener (SAMISS)

[11]. We used a PHQ-9 score of ten or greater as a cutoff

for major depression, an AUDIT score of eight of greater as

harmful, and a SAMISS score of greater than 9 as harmful.

Electronic Drug Monitoring (EDM) Adherence

Using the data from the MedSignals device, we calculated

the percent of the time in an interval that was a participant
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was ‘‘covered’’ by medication [12–14]. Uncovered time

began accumulating after a grace period following a missed

dose that varied depending on the dosing interval. We

allowed 1, 2, and 3 h grace periods for 3-times a day,

2-times a day, and 1-time a day medications, respectively.

Adherence was expressed as a percentage and calculated as

the total minutes in the 30 days prior to a study visit minus

the number of uncovered minutes in the same interval,

divided by the total minutes in the interval 9100. We also

calculated the percentage of doses taken, which correlated

0.90 with the covered time variable.

Self-report Adherence Variables

The three self-report items that we tested were as follows

(see Appendix 1 for actual items):

1. Days taken In the last 30 days, on how many days did

you miss at least one dose of any of your [drug name]?

(write in number of days, 0–30). [Note that ‘‘days

taken’’ is 30 minus the number of days missed.]

2. Frequency In the last 30 days, how often did you take

your [drug name] in the way you were supposed to?

(never/rarely/sometimes/usually/almost always/always)

3. Rating In the last 30 days, how good a job did you do

at taking your [drug name] in the way you were

supposed to? (very poor/poor/fair/good/very good/

excellent)

The rationale for these time frames, item wordings, and

response options are described elsewhere [6, 7].

For analyses that used raw scores, item responses for the

three adherence items were linearly transformed to a 0–100

scale with zero being the worst adherence, and 100 the best

[15, 16]. Summary scales were calculated as the mean of

the three individual items.

We calibrated each of the self-report items to the EDM

response. We did this for two main reasons. First, each of the

self-report items had a different response scale, and although

we can put them all on a 0–100 scale, the assumption of

linearity may not be correct. Second, a self-report measure is

more useful to the extent that it approximates true or actual

adherence. Calibration addresses both of these issues.

To implement the calibration, we first determined the

average EDM adherence for each of the response options for

each of the self-report options. For this part of the study we

used responses to all study medications (HIV and non-HIV

medications). When there were small number of responses in

a category we aggregated adjacent categories (e.g., poor and

very poor). We also aggregated categories if there was sig-

nificant non-linearity in the EDM score for adjacent cate-

gories. We then took the mean of the three calibrated items to

create a calibrated summary scale. We randomly selected 2/3

of the sample for this calibration (test set), and then tested the

calibrated scores on the remaining 1/3 (validation set).

Results from the test and validation sets were not different, so

we recalculated the item scores on the whole sample and

present these calibrated values in the results. The resulting

calibration values are shown in Table 3 in Appendix 2.

Analyses

All analyses present data from HIV antiretrovirals and non-

HIV antiretrovirals separately. We used descriptive statis-

tics to show participants’ sociodemographic characteristics,

and rates of depression, alcohol use, and substance use.

Individual self-report items and the three-item summary

scale are described using means, medians, and ranges. We

used Cronbach’s alpha to demonstrate internal consistency

reliability [17].

We used Pearson correlation coefficients (Spearman

correlation coefficients were essentially identical) and

difference scores to compare the self-report items and

scales with the paired EDM measures using the covered

time measurement derived from the MedSignals data. Time

intervals for the self-reports and the EDM measures were

exactly matched. To determine difference scores we sub-

tracted the self-report score from the MedSignals score for

each patient, and then calculated the mean difference score

over all of the patients. We took this approach because the

difference scores capture both the magnitude and direction

of the relationship between the two scores. Because some

patients have more than one ARV or non-ARV at a given

visit, and because patients have up to three follow-up visits,

adjustments for both of these types of clustering effects

were needed. To accomplish this, we constructed general-

ized linear mixed models using SAS Proc Mixed to esti-

mate the difference between the EDM and SR adherence.

The model included 3 terms: measured by EDM or SR,

HIV antiretroviral medication or non-HIV antiretroviral

medication, and the interaction term (to estimate the mean

for each of 4 categories with 2 terms). The model

accounted for clustering within patients with specification

of a normal distribution and the identity link.

We conducted similar analyses for the calibrated items

and scales. In addition, we constructed receiver-operating

characteristic (ROC) curves for the calibrated items and

scales that used cut-offs of 0.80 and 0.90 by EDM to define

adherent versus non-adherent patients.

Results

Follow-up Data and Participant Characteristics

Eighty-one participants completed the enrollment visit, and

71, 63, and 59 completed one, two, and three follow-up

2702 AIDS Behav (2016) 20:2700–2708

123



visits, respectively. Medication adherence self-reports were

done at all four visits. MedSignals data were collected at

the three follow-up visits. The numbers of HIV antiretro-

viral medications monitored at the three follow-up visits

were 157, 138, and 136, respectively. The numbers of non-

HIV antiretroviral medicines at the three follow-up visits

were 74, 62, and 59, respectively.

The mean age of patients was 46 years, 37 % were

female, 49 % had some education beyond high school,

22 % were Black, and 22 % were Hispanic. English was

the primary language for 90 % of participants, and only

2 % reported no current place to live. Twenty-five percent

had a score of ten or greater on the PHQ9 (moderate or

greater depression), 15 % had an AUDIT score of eight or

greater (problem drinking), and 38 % were positive on the

seven-item substance abuse scale of the SAMISS (possible

alcohol or substance abuse problem).

Monitored Medications

Of the 431 bin-periods of HIV ARVs, 82 were Emtric-

itabine/tenofovir (Truvada), 75 were Ritonavir (Norvir), 50

were Darunavir (Prezista), and 41 were Atazanavir (Rey-

ataz). Of the non-HIV ARVs, 73 were mental health

medications, 56 were antihypertensives, 18 were for ele-

vated lipids, and 12 were for diabetes.

Descriptive Characteristics of Self-report and EDM

Measures

Descriptive characteristics of the raw self-report items,

3-item scale, and EDM measure for HIV ARVs and non-

ARVs are shown in Table 1. Mean scores for the days

taken, frequency, rating items were 92.0, 84.0, 80.1, for

HIV ARVs and 91.8, 83.2 and 80.0 for non-HIV ARVs,

respectively. The percent of items at the ceiling, or 100,

ranged from 48.8 to 56.3 for HIV ARVs and 47.5–54.9 for

non-HIV ARVs. For the 3-item scale, the mean adherence

scores were 85.1 and 84.7 for HIV ARVs and non-HIV

ARVs, respectively, and the percent at the ceiling were

38.0 and 40.9, respectively.

For the EDM measure, mean adherence for HIV ARVs

and non-HIV ARVs was 77 and 78, respectively, and the

percent at the ceiling was 6.1 and 5.9 %, respectively.

Comparison Between Raw 3-Item Scale and EDM

Measure

The raw 3-item scale and the EDM measure, for both HIV

ARVs and non-ARVs, are compared in Fig. 1. The dif-

ference between the scores is 7.5 points (95 % CI 4.4–10.5,

p\ 0.0001) and 5.2 points (95 % CI 0.7–9.7, p = 0.02) for

the HIV ARVs and the non-ARV’s, respectively. In both

cases the self-report scale is statistically significantly

higher than the EDM measure.

Correlations Between Self-Report and EDM

Measures

Correlations between the self-report and the EDM mea-

sures are shown in Table 2. For the individual self-report

items for HIV ARVs the correlations ranged from 0.27 to

0.43, and for non-ARVs they ranged from 0.38 to 0.62. The

correlations for the two scales were 0.41 and 0.54,

respectively. The Cronbach’s alpha was 0.84 for the HIV

ARVs and 0.87 for non-ARVs.

Calibrated Item and Scale Scores

Figure 2 shows the difference between the raw score and

the calibrated scores for each of the 3 self-report items. The

raw days taken item score is approximately parallel to the

calibrated score, but is about 10 scale points higher. The

frequency and rating items show a different pattern, with

the raw and calibrated items having different slopes. In

both cases, the raw and calibrated measures are approxi-

mately the same for the second to highest Likert scale

category, ‘‘almost always’’ and ‘‘very good’’, respectively.

Also, in both cases, the raw scale overestimates EDM

adherence at the high end of the scale and underestimates it

at the low end of the scale.

Figure 3 compares the raw scale, calibrated scale, and

EDM measures, showing how the calibration worked to

adjust or correct the overestimation of EDM adherence that

the raw scale demonstrated. The Pearson correlation

coefficients between the calibrated scores and the EDM

scores were 0.47 and 0.51 for HIV ARVs and non-ARVs,

respectively.

Using a cut-off of 0.8 to define acceptable adherence,

the c-statistics for the calibrated scale for HIV ARVs and

non-ARVs were 0.75 and 0.76, respectively. Using a cut-

off of 0.90, the c-statistics were 0.75 and 0.77, respectively.

Discussion

There are four main findings from these analyses. First, the

three-item scale minimally overestimated the objective

EDM adherence measure when using the raw score

approach. Second, the pattern seen for HIV ARVs is sim-

ilar to that seen for non-ARV medications. Third, a simple

calibration process can improve the accuracy of the self-

report scale by making it more closely approximate the

objective EDM measure. Fourth, the calibrated measure

showed good discrimination when using the EDM measure

as a gold standard.
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Several recent studies have described differences

between self-reported and electronic drug monitoring

devices. Thiramurthy et al. [18] studied Kenyan patients

newly initiating antiretroviral therapy, and found a differ-

ence of 12.7 %. Shi et al. [19] reviewed the literature and

found that self-reports were on average 14.9 % higher than

electronic drug monitoring measures. They also conducted

a meta-analysis which showed a pooled correlation coef-

ficient of 0.45 [20]. Amico et al. conducted a detailed

analysis of patients in the iPrEx study, using self-reported

measures, pharmacy measures, and drug levels [21]. They

found ‘‘large discrepancies’’ between self-report and

pharmacy measures and drug levels. The overestimations

that we found for the 3-item scale, 7.5 (7.45 with 2 decimal

Table 1 Descriptive

characteristics of the raw self-

report items, 3-item scale, and

EDM measure for HIV ARVs

and non-ARVs

Item/scale N of bins Mean (SD) Median Range Percent at 100

HIV ARVs

Days taken 581 92.00 (17.39) 100.00 0–100 56.28

Frequency 605 84.03 (23.75) 100.00 0–100 54.88

Rating 605 80.13 (25.53) 80.00 0–100 48.76

3-Item scale 605 85.05 (19.89) 93.33 0–100 38.02

EDM 377 77.25 (21.33) 84.23 21.78–100 6.10

Non-ARVs

Days taken 264 91.82 (16.34) 100.00 0–100 54.92

Frequency 272 83.24 (23.08) 100.00 0–100 54.04

Rating 274 80.00 (24.09) 80.00 0–100 47.45

3-Item scale 274 84.65 (19.48) 91.11 13.33–100 40.88

EDM 170 77.69 (23.33) 87.41 13.19–100 5.88

84.7

77.2

82.9

77.7

50

60

70

80

90

100

3-item SR EDM 3-item SR EDM

Adherence measures, 3-item SR measures and EDM
(means)

HIV ARVs, diff=7.5 
95% CI (4.4, 10.5) 

Non-ARVs, diff=5.2
95% CI (0.7, 9.7) 

Fig. 1 Comparison of raw

3-item self-report scale with

EDM measure for HIV ARVs

(N = 431) and non-ARVs

(N = 195). The 95 % CI’s use

mixed models to account for the

clustering in the data structure

Table 2 Correlations between

the calibrated self-report and

EDM measures for individual

items and the three-item scale

(all p\ 0.0001), and

Cronbach’s alphas

All (N = 516) HIV ARV (N = 354) Non-ARVs (N = 162)

Days taken 0.50 0.43 0.62

Frequency 0.32 0.31 0.38

Rating 0.33 0.27 0.44

3-Item scale 0.45 0.41 0.54

Cronbach’s alpha – 0.84 0.87
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points) points for HIV ARVs and 5.2 points for non-ARVs,

were smaller than those previously reported. There are

probably two main reasons for these smaller differences.

First, these items were developed using rigorous methods

that included four rounds of iterative cognitive testing in a

diverse sample of English-speaking participants. Likert-

type response scales may work better than other response

options because they probably map more clearly to the

cognitive processes that patients use in practice when they

formulate responses [6, 7, 22]. Second, the validation study

was done in a setting in which there were no incentives for

patients to inflate their responses, as there can sometimes

be in clinical trials [21].

The cognitive testing described in previous publications

[6, 7] found no differences in the cognitive processes that

patients employed in responding to adherence items for

HIV ARV and non-ARV medications, and the results of

these validation tests suggest that the items perform nearly

identically for these different medication classes. These

findings suggest that the three-item scale can be used as a

generic medication adherence measure.

Calibration is not commonly done with self-reported

measures because there are rarely objective or ‘‘gold stan-

dard’’ measures with which to implement a calibration

process. The calibration eliminated the upward bias usually

seen with self-report measures. Note also that the calibration

accomplished different things with the frequency and rating

items that it accomplished with the days missed item. The

days missed item is, in effect, parallel to the EDM score, so

the calibration accomplishes a mean adjustment equal to the

difference in the Y-axis distance between the two self-report

item curves. For the frequency and rating items, the slopes

of the items are different from the slopes of the EDM curve,

producing overestimation at higher levels of adherence, and

underestimation at lower levels. The calibration addresses

both the over- and under-estimations.

Although the days missed item consistently overesti-

mates true or EDM adherence, it is the item that showed

the highest correlation with the EDM adherence. One

hypothesis for this stronger correlation is that there are

aspects of this item stem and response task that make it

easier for patients to recall. Work from the marketing lit-

erature shows that people are able to use enumeration or

counting of events, rather than estimation methods, when

there are fewer than five events during the recall period

[22, 23]. In another study participants were more likely to

use enumeration methods for irregular rather than regular

behaviors, and for dissimilar rather than similar behaviors

[24]. If missing a day of medications is a relatively

uncommon event, and happens for reasons that are some-

how salient or memorable, this might explain the higher
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Fig. 2 In this figure, this histogram shows the distribution of item

scores for each of the 3 self-report adherence scales (including both

HIV and non-HIV medications). The blue line shows the the score

given to each response category using a linear, equal interval, zero to

100 approach, and the red line shows the score calibrated to the EDM

measure (Color figure online)
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correlation for the days missed item. Another factor may be

that the missed days response option allows for finer detail

in the response. The scale development process purposely

explored both enumeration and estimation approaches, and

the final scale includes one enumeration and two estimation

items because different people probably use different

combinations of these approaches [6, 7].

The discrimination of the calibrated 3-item scale, as

assessed by the c-statistic, was good, with AUCs of 0.75-

0.77 using two different cut-offs (0.8 and 0.9). These

analyses use the EDM value as the gold standard, and the

3-item scale that is calibrated using the EDM, so in a sense

there is also some over-fitting here also. However, the

AUCs for the raw scale were all over 0.70, so this over-

fitting is minimal. These data suggest that the discrimina-

tion of the self-report scale is good.

This analysis has several limitations. First, it is a med-

ium-sized study using subjects from a single site. While the

population was quite diverse, with 37 % women, only

49 % with education beyond high school, 22 % Black race,

and 22 % Hispanic/Latino ethnicity, our results may not be

generalizable to other dissimilar populations. Second, the

approach we used to implementing the calibration is, in

effect, a type of prediction model, in that we use self-report

to predict the ‘‘true’’ EDM score. The results are likely to

be over-fitted to the population that we used to develop the

model [25], and the calibrations should be repeated in other

sample populations. Third, we recognize that the assess-

ment of adherence using pill container openings has many

of its own limitations, including patients pocketing pills or

otherwise not using the pill container as directed, and the

fact that pill container opening is not a measure of actual

pill ingestion [26]. Finally, we tested items developed with

English-speaking populations. Translation into other

languages, and subsequent examination of the performance

characteristics of the self-report scale in those languages,

needs to be carefully and rigorously done.

For purposes of this validation study, we asked patients

about each medication that we monitored with the

MedSignals device. However, when assessing adherence

for patients using multi-pill ART regimens, we do not

believe that it is necessary to ask about each pill. A number

of studies have examined this issue, and all have concluded

that differential adherence is uncommon [27–30]. We

conducted a randomized study which compared an item

that asked about a single ARV to an item that asked about a

patient’s full ART regimen, and found that mean adherence

levels were nearly identical [6]. Based on this evidence we

recommend that both clinicians and researchers use a sin-

gle item to measure ART adherence when patients are

using multi-pill regimens.

Both clinicians and researchers sometimes want a

measurement tool that will classify patients as adherent

versus non-adherent. This 3-item scale was developed to be

a continuous, not a dichotomous, measure. Because dif-

ferent medications have different pharmacokinetic and

pharmacodynamic profiles that result in varying pharma-

cologic ‘‘forgiveness’’ [31], it would not be appropriate to

specify any single cut off as denoting an ‘‘adherent’’

patient, either for HIV antiretrovirals [32], or for other

medications [33].

In conclusion, using EDM as a gold standard, we con-

ducted validity testing of a rigorously developed three-item

medication adherence self-report scale, using both HIV

antiretroviral medications and other medications. Our

results support the validity of the self-report scale, and

suggest that it can be used for all classes of medications. In

clinical care the scale is probably best used as a screening

85.1

78.2 77.3

84.7

77.7 77.7

50

60

70

80

90

100

3-item SR Calibrated SR EDM 3-item SR Calibrated SR EDM

Non-ARVsHIV ARVsFig. 3 This figure shows mean

scores for the raw scale, the

calibrated scale, and the EDM

measure for HIV ARVs and

non-ARVs, respectively
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tool that can identify people with non-perfect adherence

who would be candidates for a more detailed, face-to-face

assessment of potential barriers to optimal medication

taking. In clinical research, or in quality improvement work

that compares populations of patients, this self-report scale

can be a useful and efficient tool when more complex and

expensive methods such as EDM cannot be used, or when

pharmacy refill data are unavailable.
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Appendix 1

In the last 30 days, on how many days did you miss at least

one dose of any of your [drug name]?

Write in number of days: ____ (0–30)

In the last 30 days, how good a job did you do at taking

your [drug name] in the way you were supposed to?

h Very poor

h Poor

h Fair

h Good

h Very good

h Excellent

In the last 30 days, how often did you take your [drug

name] in the way you were supposed to?

h Never

h Rarely

h Sometimes

h Usually

h Almost always

h Always

Appendix 2

See Table 3.

Table 3 EDM values used to

calibrate the self-report items
Levels of

days taken

N of bins Average EDM used

for calibration

\25 69 52.83

25 28 65.46

26 18 70.09

27 22 68.61

28 41 78.38

29 49 84.79

30 291 85.81

Levels of frequency N of bins Average EDM used

for calibration

Sometimes or below 70 58.79

Usually 29 69.22

Almost always 159 77.51

Always 282 83.17

Rating N of bins Average EDM used

for calibration

Poor or below 24 56.8

Fair 50 59.92

Good 71 75.65

Very good 143 77.87

Excellent 254 83.56
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