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Abstract

To date, several medication adherence instruments have been developed and validated

worldwide. However, most instruments have only assessed medication adherence from the

patient’s perspective. The aim was to develop and validate the PATIENT-Medication Adher-

ence Instrument (P-MAI) and the HEALTHCARE PROFESSIONAL-Medication Adherence

Instrument (H-MAI) to assess medication adherence from the patient’s and healthcare pro-

fessional (HCP)’s perspectives. The P-MAI-12 and H-MAI-12 were developed using the

nominal group technique. The face and content validity was determined by an expert panel

and piloted. The initial version of these instruments consisted of 12 items were validated

from October-December 2018 at a primary care clinic in Malaysia. Included were patients

aged�21 years, diagnosed with diabetes mellitus, taking at least one oral hypoglycaemic

agent and who could understand English. The HCPs recruited were family medicine special-

ists or trainees. To assess validity, exploratory factor analysis (EFA) and concurrent validity

were performed; internal consistency and test-retest were performed to assess its reliability.

A total of 120/158 patients (response rate = 75.9%) and 30/33 HCPs (response rate =

90.9%) agreed to participate. EFA found three problematic items in both instruments, which

was then removed. The final version of the P-MAI-9 and the HMAI-9 had 9 items each with

two domains (adherence = 2 items and knowledge/belief = 7 items). For concurrent validity,

the total score of the P-MAI-9 and the H-MAI-9 were not significantly different (p = 0.091),

indicating that medication adherence assessed from both the patient’s and HCP’s perspec-

tives were similar. Both instruments achieved acceptable internal consistency (Cronbach’s

α: P-MAI-9 = 0.722; H-MAI-9 = 0.895). For the P-MAI-9, 7/9 items showed no significant dif-

ference between test and retest whereas 8/9 items in the H-MAI-9 showed significant differ-

ence at test and retest (p>0.05). In conclusion, the P-MAI-9 and H-MAI-9 had low sensitivity
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and high specificity suggesting that both instruments can be used for identifying patients

more likely to be non-adherent to their medications.

Introduction

Medications are frequently used in treating chronic conditions and extend life expectancy [1].

However, previous studies reported that only 50% of patients adhered to their medications [2,

3]. This is a major concern as low adherence causes medication wastage, morbidity and mor-

tality [4]. In 2012, medication adherence was redefined as “the process by which patients take

their medications as prescribed” [5], and consists of three main components: initiation (when

the first dose of prescribed medication has been taken), implementation (when a patient’s

actual dosing corresponds to the prescribed dosing regimen from initiation until the last dose

is taken) and discontinuation (end of therapy) [5].

To date, there is no gold standard on how medication adherence should be assessed. Phar-

macy refilling data shows when patients refill their medications but does not report adherence

in real-time [6]. The electronic pillbox provides continuous data for the monitoring of medica-

tion adherence [7] as it reports the opening time of the pillbox. However, this method is expen-

sive [8] and is unable to report actual adherence as patients may open the container and not take

their medications [7]. Self-reported medication adherence instruments assess medication adher-

ence subjectively, as it is based on patient’s recall [9]. These instruments are easy to administer

in routine clinical practice as patients take less than 10 minutes to answer these questionnaires

[10]. However, the most common drawback is that patients tend to overestimate their medica-

tion adherence to avoid disapproval from healthcare professionals (HCPs) [10].

Many self-reported medication adherence instruments have been developed and validated

worldwide [11] [S1 Table]. Thirty instruments were validated in America [12–40], 13 in Europe

[10, 41–51], three in Asia [52–54], two in Australia [55, 56] and one in Africa [57]. The number

of items for these instruments ranged from 1–30 items. Three studies performed both EFA and

CFA [35, 45, 53], thirteen studies reported only performed EFA [20, 21, 26, 34, 36–39, 50, 54–

56, 58] whilst two studies performed only CFA [29, 30]. Twelve studies assessed both internal

consistency and test-retest [13, 20, 30, 34, 37, 39, 50, 52, 54–56, 58], 17 studies assessed only

internal consistency [10, 21, 23, 26–29, 32, 33, 35, 36, 40, 43, 45, 47, 53, 57] whilst two studies

only assessed stability [31, 38]. All 48 studies only assessed medication adherence from the

patient’s perspective [10, 12–27, 29–57] except one study which only assessed from the HCP’s

perspective [28]. Previous literature has recommended that adherence to medications should be

assessed by more than one method as it can offer more accurate and reliable information [59]. It

is well known that patients tend to overestimate their adherence to medications when using self-

reported medication adherence instruments for fear of reprimand from their HCP [60]. Addi-

tionally, a doctor can also assess a patient’s medication-taking behaviour during a doctor-patient

consultation through direct observation, measurement of laboratory parameters, patient’s life-

style, values and preferences for care [61]. However, some evidence found that doctors may be

poor judges in assessing their patient’s medication adherence [62, 63] as they may not be aware

when their patients discontinue their medication [28]. To date, no instrument has been devel-

oped and validated specifically from two different perspectives. Therefore, this study aimed to

develop and validate two self-reported medication adherence instruments: 1) The Patient-Medi-

cation Adherence Instrument (P-MAI) to assess medication adherence from the patients’ per-

spective and 2) the Healthcare Professional-Medication Adherence Instrument (H-MAI)] to

assess patient’s medication adherence from the HCP’s perspective.
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Materials and methods

The study was divided into two parts: the development of the P-MAI and H-MAI and its vali-

dation. Mirzaei et. al., 2019 [64] and Grew et. al., 2019 [65] which described the development

and validation of a questionnaire of service quality in community pharmacy; and El-Den et.

al., 2020 [66] which described the psychometric principles for the development and validation

of measurement instruments have been used as references to guide this work.

Part 1: Development of the Patient-Medication Adherence Instrument

(P-MAI) and the Healthcare Professional-Medication Adherence

Instrument (H-MAI)

The P-MAI and H-MAI were developed from May to September 2018.

Item generation

All items that were considered in the development of the P-MAI and the H-MAI were

obtained from literature search. A list of 40 potential items (P-MAI = 20 items; H-MAI = 20

items) was identified from the 49 validated self-reported instruments reported in S1 Table [10,

12–57]. Then, these potential items were presented to the members of the NGT as a starting

point for them to develop the items of both P-MAI and H-MAI.

The nominal group technique (NGT) was then used to develop the content of the two

instruments. NGT is a highly structured face-to-face group interaction, which provides partici-

pants with an equal opportunity to have their opinions heard and considered by other group

members [67]. Compared to the Delphi method, the NGT is a faster method to generate ideas

for developing instruments as it can be used to explore ideas of different health care profes-

sionals and laypeople in one session [67]. We decided to develop the P-MAI and H-MAI in

English as it is understood by most Malaysians and HCPs [68].

Twenty persons were approached to participate in the NGT, but only seven persons (two

patients with a chronic disease, two doctors, two pharmacists and one nurse) agreed to partici-

pate. The NGT was conducted in five stages: introduction, silent generation, round-robin, clar-

ification and ranking. Firstly, participants were given a brief introduction and explanation of

the purpose and procedure of the meeting. During the silent generation, each participant was

provided with a list of items that may be included in the P-MAI. They were required to read

and understand the items carefully. No discussion was allowed at this stage. During the round-

robin process, participants were given the opportunity, one at a time, to share their ideas, which

were recorded on a flip chart. The round-robin continued until all ideas were presented. No

debate or discussion of ideas occurred at this stage. Then, clarification of ideas was generated

through discussion. At this stage the wording of any unclear ideas/items was clarified, similar

ideas/items were combined to form hybrid ideas/items, and new ideas/items were allowed to

be presented, but no ideas/items were eliminated. Each participant was then asked to rank the

importance of ideas based on a 10-point Likert scale (1 = least important; 10 = most important)

independently. The entire process was repeated for the H-MAI. At the end of the NGT, the

final draft of the P-MAI-20 had three domains (adherence, knowledge and belief) with 20

items, whilst the H-MAI-17 had three similar domains with 17 items.

Face and content validity

The P-MAI-20 and the H-MAI-17 were then reviewed by an expert panel (which consisted

of one family medicine specialist, one geriatrician, two academic pharmacists and two clinical

pharmacists). The expert panel decided to reduce the P-MAI from 20 items to 12 items and
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the H-MAI from 17 to 12 items as some items were found to be too lengthy or did not fit into

the domains. Responses for both instruments were measured on a 5-point Likert scale ranging

from strongly disagree = 1 to strongly agree = 5. A higher score indicates better adherence to

medications.

Pilot test

We then piloted the P-MAI-12 in two patients with diabetes mellitus (DM) who could under-

stand English whilst the H-MAI-12 was piloted by the patient’s doctor during their doctor-

patient consultation. No problems were encountered. Therefore, no further modifications

were made to the P-MAI-12 and H-MAI-12.

Part 2: Validation of the Patient-Medication Adherence Instrument

(P-MAI) and Healthcare Professional-Medication Adherence Instrument

(H-MAI)

Study design

The P-MAI-12 and H-MAI-12 were validated from October to December 2018, in an urban

tertiary-based primary care clinic in Malaysia.

Participants

Included were patients aged�21 years, diagnosed with DM, taking at least one oral hypogly-

caemic agent and could understand English. We included individuals who were diagnosed

with diabetes mellitus (DM) as self-management (including adherence to medications) plays

a crucial role in the control of this chronic health problem [69]. In addition, all patients with

DM have their HbA1c assessed one week prior to their clinic appointment. Therefore, HbA1c

values can be used as an objective measurement [70] to correlate with a patient’s medication

adherence. Patients who had intellectual disabilities were excluded. The HCPs recruited were

family medicine specialists and trainees working in an urban tertiary-based primary care clinic

in Malaysia.

Sample size

The sample size was calculated based on the number of items to participants ratio of 1:10 to

perform factor analysis [71]. There are 12 items in the P-MAI-12 and H-MAI-12, respectively.

Therefore, the total number of participants required were 120 patients for P-MAI-12 and 120

H-MAI-12 assessments by HCPs.

Instruments used

Baseline demographic questionnaire. A baseline demographic questionnaire was used

to collect patient’s socio-demographic data, medical history, medication adherence status and

their reasons for non-adherence. Another baseline demographic questionnaire was used to

collect their HCP’s socio-demographic data and of the length of working experience as a

doctor.

Patient-Medication Adherence Instrument (P-MAI-12). This instrument consists of 12

items with 3 domains: adherence, knowledge and belief. Patients were asked to fill the P-MAI-

12 based on their recall of how they took their medications. All responses were measured on a

5-point Likert scale, ranging from strongly disagree = 1 to strongly agree = 5. A higher score

indicates better medication adherence.
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Healthcare Professional-Medication Adherence Instrument (H-MAI-12). This instru-

ment mirrored the P-MAI-12; it has 12 items with 3 domains: adherence, knowledge and

belief. The patient’s HCP was asked to fill the H-MAI-12 based on how they perceived their

patients’ medication-taking behaviour. All responses were measured on a 5-point Likert scale,

ranging from strongly disagree = 1 to strongly agree = 5. Similarly, a higher score implies bet-

ter medication adherence.

Data collection

Patients. Potential patients were recruited using a 1:10 systematic random sampling

approach. Each day, a number from 1–10 was randomly selected using a computerized ran-

dom number generator in Microsoft Office1 Excel1 (Washington, United States of America).

Based on the random number produced, the first potential patient was approached at the triage

counter. The purpose of the study was explained using the participant information sheet. For

those who agreed to participate, written informed consent was obtained. Patients were then

asked to fill the baseline demographic form and the P-MAI-12 while they were waiting to see

their HCPs. This took approximately 5–10 minutes. The completed instruments were checked

by the researcher to ensure that all items were answered. Two weeks later, the P-MAI-12 was

re-administered by the researcher to the same patients over the telephone.

Health care professionals. The researcher approached each HCP individually and

explained the purpose of the study using the participant information sheet. For those who

agreed to participate, written informed consent was obtained. HCPs were asked to complete

the baseline demographic form, followed by the H-MAI-12 based on how they perceived their

patients were taking their medications during/immediately after their doctor-patient consulta-

tion. Two weeks later, the H-MAI-12 was completed by the same HCPs after a doctor-patient

telephone consultation.

Ethics approval

Ethics approval was obtained from the Medical Research Ethics Committee of University

Malaya Medical Centre (MREC ID NO: 2018326–6167) before the commencement of the study.

Data analysis

Data were analysed using Statistical Package for the Social Sciences (SPSS) version 21 (Illinois,

United States of America). Normality was assessed using the Kolmogorov–Smirnov test. As

data were not normally distributed, continuous variables were expressed as median and inter-

quartile range, whilst categorical data were presented as frequency and percentage. A p-value

of<0.05 was considered statistically significant.

Validity. Exploratory factor analysis. Exploratory factor analysis (EFA) was used to explore

the dimensions of both instruments. The Keiser-Meir-Olkin (KMO) test (> 0.7), the Bartlett

test of sphericity, anti-image correlation matrix coefficients (> 0.5), factor loadings (> 0.4) and

communality were measured. Items that had low communalities (< 0.3) were removed and

EFA was re-analysed. The normality of data was assessed using the skewness, kurtosis and Kol-

mogorov–Smirnov test. The skewness (<-1.0), kurtosis (>1.0) and Kolmogorov–Smirnov test

(p<0.001) indicates that data is not normally distributed. Hence, the principal axis factor was

used as the data has violated the assumption of multivariate normality [72]. As items in the

instruments could be inter-related, the promax (oblique) rotation method was used [72].

Concurrent validity. The Mann Whitney U test was used to compare the differences of total

score between the P-MAI and H-MAI.
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Flesch reading ease. Flesch reading ease is a tool for calculating the approximate reading

level of English-language content that was used to determine the readability of both instru-

ments. This was calculated using Microsoft Office1Word1 2016 (Microsoft Corporation,

Redmond, Washington, United States). The calculation was based on the average number

of syllables per word and words per sentence. The higher the Flesch score, the easier it is to

understand the document. A Flesch reading ease score between 60 to 70, indicates the docu-

ment is easily understood by 13-15-year-old students. A score between 70 to 80, suggests that

the document is fairly easy to read [73].

Reliability. Cronbach’s alpha was used to calculate the internal consistency of both instru-

ments. A Cronbach’s alpha values more than 0.9 indicates redundancy of some items, values

0.70–0.90 suggest adequate internal consistency, values 0.60–0.70 imply acceptable internal

consistency and values below 0.50 indicates unacceptable internal consistency [74]. The cor-

rected item-total correlation was also performed where corrected item-total values are consid-

ered as acceptable when the values are>0.2. The Wilcoxon signed-rank test was used to assess

the reliability of the instruments at test and retest to identify any items found ambiguous, and

could not be interpreted in the same manner over time [75].

The total score of the P-MAI and the H-MAI is the sum of all items (score range: 9–45). A

higher score indicates better medication adherence. Non-adherence was defined when the

total score ranged from 9 to 35 (calculated total score<80%); whilst adherence was defined as

a total score, which ranged from 36 to 45 (calculated total score�80%).

Sensitivity and specificity. The sensitivity, specificity, and predictive values were calcu-

lated. The sensitivity of both instruments determines the ability to correctly predict good gly-

caemic control (HbA1c�7%) in patients who were adherent to their medications while the

specificity of the instruments determines the ability to correctly predict poor glycaemic control

(HbA1c>7%) in patients who were non-adherent to their medications [76, 77]. We selected

the level of HbA1c�7% as good glycaemic control as the median age of the participants in our

study was 63 years of age. A lower HbA1c target (�6.5%) is usually used in newly diagnosed

diabetes patients, younger age, healthier and low risk of hypoglycaemia [76]. Positive predic-

tive value predicts the likelihood of patient adherence to his/her medications when assessed

using both P-MAI and H-MAI, which is associated with good glycaemic control, while nega-

tive predictive value predicts the likelihood of patient non-adherence as assessed using both

instruments, which is associated with poor glycaemic control [77].

Results

A total of 120/158 patients (response rate = 75.9%) and 30/33 HCPs (response rate = 90.9%)

agreed to participate in this study. In a normal clinic setting, each HCP will see more than one

patient per day. Hence, these 30 HCPs were recruited to perform 120 HMAI-12 assessments

for 120 patients. The median age of patients and their HCPs were 63 (57–69)years and 33 (32–

34) years, respectively (Table 1).

Thirty (25%) patients reported that they were unable to take their medications as instructed

for the past two weeks (Table 2). The two main reasons reported were that they simply forgot

(53.3%) or that they ran out of medications (33.3%).

Validity

Exploratory factor analysis. The Patient-Medication Adherence Instrument (P-MAI).
EFA initially showed that the P-MAI-12 was a 3-factor model, with acceptable sampling ade-

quacy (KMO = 0.798, Barlett’s test of sphericity: X2 = 542.0; df = 66; p-value < 0.001). Anti-

image correlation matrix coefficients values were<0.5. All communality values were>0.3

PLOS ONE Development of P-MAI and H-MAI

PLOS ONE | https://doi.org/10.1371/journal.pone.0242051 November 11, 2020 6 / 18

https://doi.org/10.1371/journal.pone.0242051


except for item no. 11 and 12. Hence, both problematic items were removed. The number of

factors was selected to be rotated as two (Fig 1), the loading factors were fixed as 0.4, and pro-

max rotation was selected. We did this reiteratively and removed one problematic item (items

no. 4) as its factor loading were< 0.4. Finally, the P-MAI-9 became a 2-factor model with two

domains (“adherence” and “knowledge and belief”) and with 9 items [Table 3 and S2 Table].

This model explained 62.9% of the total variance.

The Healthcare Professional-Medication Adherence Instrument (H-MAI). Initially, EFA

showed that the H-MAI-12 was a 3-factor model, with acceptable sampling adequacy

(KMO = 0.870, Barlett’s test of sphericity: X2 = 1020.4; df = 66; p-value < 0.001). Anti-image

correlation matrix coefficients values were<0.5. All communality values were >0.3 except for

item no. 11 and 12. Both problematic items were then removed. The number of factors was

selected to be rotated and fixed as two (Fig 2), the loading factors were fixed as 0.4, and promax

rotation was selected. We did this reiteratively and removed one problematic item (items no.

4) as its factor loading were < 0.4. Finally, the H-MAI-9 became a 2-factor model with two

domains (“adherence” and “knowledge and belief”) and with 9 items [Table 3 and S3 Table].

This model explained 71.2% of the total variance.

Table 1. Demographic characteristics of patients and health care professionals.

Patients n (%); (n = 120) HCPs n (%); (n = 30)

A. Demographic characteristics

Gender

Male 62 (51.7) 9 (30.0)

Female 58 (48.3) 21 (70.0)

Median age (years) [IQR] 63 [57–69] 33 [32–34]

Highest level of education obtained

Primary 6 (5.0) 0

Secondary 61 (50.8) 0

Pre-university 32 (26.7) 0

Tertiary/Postgraduate 21 (17.5) 30 (100)

Median total years of working experience as a doctor [IQR] 8.0 [7.0–9.0]

Currently working 42 (35.0)

Total household income per month

<RM1000 (USD 243) 43 (35.8)

RM1000 –RM3000(USD 243–730) 42 (35.0)

RM3001 –RM5000(USD 730–1216) 16 (13.3)

RM5001 –RM 10,000(USD 1216–2432) 12 (10.0)

> RM10,000 (USD 2432) 7 (5.8)

B. Clinical data

Median duration patients diagnosed with DM (years) [IQR] 10.0 [5.0–16.0]

Median HbA1C (%) [IQR] 7.5 [6.6–9.3]

Presence of co-morbidities 98 (81.7)

Median number of co-morbidities [IQR] 2.0 [1.0–2.0]

Types of co-morbidities

High blood pressure 75 (62.5)

High cholesterol 74 (61.7)

Heart problems 24 (20.0)

IQR, Interquartile range; USD, United States Dollar, N, number, DM, Diabetes mellitus.

https://doi.org/10.1371/journal.pone.0242051.t001
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Concurrent validity. The total score of the P-MAI-9 and the H-MAI-9, as well as 8 out of

9 items were not significantly different (p = 0.091) [Table 3].

Flesch reading ease. Flesch reading ease for both the P-MAI-9 and the H-MAI-9 was 78.7

and 62.6, respectively.

Reliability

Internal consistency. Reliability analysis was performed on the remaining 9 items

(Table 4). The Cronbach’s alpha values for the P-MAI and H-MAI were 0.722 and 0.895,

respectively. The Cronbach’s alpha value for the knowledge and belief domain was: P-MAI-

9 = 0.860 and H-MAI-9 = 0.917; whilst for the adherence domain was: P-MAI-9 = 0.670 and

HMAI-9 = 0.722. The corrected item-total correlations of all items in both instruments were

>0.2.

Test-retest. Test-retest reliability was assessed in 87/120 patients after a 2-week interval

where 33 patients were lost to follow up (response rate = 72.5%) (Table 4). Seven out of nine

items in the P-MAI-9 showed no significant difference between test and retest whereas 8/9

items in the H-MAI showed significant difference at test and retest (p>0.05).

Sensitivity and specificity

The sensitivity and specificity of the P-MAI-9 were 37.8% and 51.6%, respectively whilst the

sensitivity and specificity of the H-MAI-9 were 46.8% and 66.7%, respectively. (Table 5). The

positive predictive values for the P-MAI-9 and HMAI-9 were 31/46 (67.4%) and 29/46 (63.0%),

respectively. This means that the P-MAI-9 and HMAI-9 were able to correctly predict good gly-

caemic control in 67.4% and 63.0%, respectively of patients who were adherent to their medica-

tions. On the other hand, the negative predictive values of P-MAI-9 and H-MAI-9 were

Table 2. Medication adherence of patients and their reasons for non-adherence.

n (%)

Number of patients who were unable to take their medications as directed for the past 2 weeks 30 (25.0)

Reason(s) for not taking medications as directed for the past 2 weeks�

a) Simply forgot 16 (53.3)

b) Ran out of medicine(s) 10 (33.3)

c) Wanted to avoid side effects 5 (16.7)

d) Had too many medicines to take 5 (16.7)

e) Had stomach upset when I took the medicine(s) before food 5 (16.7)

f) Had to take medicines too frequently 3 (10.0)

g) Too expensive 3 (10.0)

h) Felt that the medicine(s) was (were) harmful 2 (6.7)

i) Felt healthy or better, so thought that I did not have to take my medicine(s) 2 (6.7)

j) I was confused about how to take my medicine(s) 2 (6.7)

k) When I travel 2 (6.7)

l) No private place for me to take my medicine(s) 1 (3.3)

m) Did not want other people to notice that I was taking medicines 1 (3.3)

n) Cannot see or feel whether my medicine(s) is(are) helping me 1 (3.3)

o) Too busy at work 1 (3.3)

p) Missed appointment 1 (3.3)

q) I drank alcohol 1 (3.3)

�patients were able to select more than one answer.

https://doi.org/10.1371/journal.pone.0242051.t002
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calculated as 16/67 (23.9%) and 34/67 (50.7%), respectively; which meant that P-MAI-9 and

H-MAI-9 were able to correctly predict poor glycaemic control in 23.9% and 50.7%, respec-

tively of patients who were non-adherent to their medications.

Discussion

Our study found that the P-MAI-9 and the H-MAI-9 were able to assess medication adherence

from the patient’s and their HCP’s perspectives, as they had adequate psychometric properties.

The P-MAI-9 was found to be reliable, but the H-MAI-9 was not found to be reliable when the

retest was conducted over the phone. The final version of both instruments consists of 9 items

with two domains measuring “knowledge and belief” (7 items) and “adherence” (2 items).

The final P-MAI-9 and H-MAI-9 consist of 9 Likert-like items that measured patient’s and

HCP’s perspectives on knowledge and understanding about their illnesses and medications

(“knowledge and belief”), and their adherence to medication (“adherence”). These items were

similar to previous studies which included items that either obtained information regarding

the patient’s medication-taking behaviour and/or attempts to identify barriers to good medica-

tion-taking behaviour or beliefs associated with adherence [11]. Our instrument can be used

to measure patient’s medication-taking behaviour and identify reasons for a patient’s non-

adherence by identifying patient’s knowledge and belief towards their disease and medication

from two different perspectives (i.e patient’s and HCP’s perspectives). However, the P-MAI-9

Fig 1. The number of constructs in the Patient-Medication Adherence Instrument (P-MAI).

https://doi.org/10.1371/journal.pone.0242051.g001
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and H-MAI-9 were only able to assess patient’s medication adherence in the implementation

process [5], as the majority of patients have been taking their oral hypoglycaemic agents for a

median duration of 10 years.

The P-MAI-9 and the H-MAI-9 have Flesh reading ease scores of more than 60; indicating

that both instruments were easily understood by those who have completed lower secondary

education (>15 years old) or the equivalent of 8th to 9th-grade studies in the United States

[73]. The majority of the participants (patients = 95%; HCPs = 100%) had completed

Table 3. The exploratory factor analysis and concurrent validity of the Patient-Medication Adherence Instrument-9 (P-MAI-9) and Healthcare Professional-Medi-

cation Adherence Instrument-9 (H-MAI-9).

Exploratory factor analysis Concurrent validity: Mann

Whitney U test

Domain P-MAI-9 H-MAI-9 P-MAI-9;

Median

[IQR]

H-MAI-9;

Median

[IQR]

p-

valueNo Items Factor

loadings

No Items Factor

loadings

1 2 1 2

Knowledge

and belief

9 I know why I am taking my

medication(s) (eg. indication)

0.859 9 My patient knows why he/she is

taking their medication(s) (eg.

indication)

0.830 4.0 [4.0–4.0] 4.0 [4.0–5.0] 0.950

8 I know how to take my medication

(s) (eg. dose, frequency)

0.826 8 My patient knows how to take his/

her medication(s) (eg. dose,

frequency)

0.747 4.0 [4.0–4.0] 4.0 [4.0–4.0] 0.317

7 I am able to make a decision

together with my doctor regarding

the medication(s) that have been

given to me

0.767 7 My patient is able to make a

decision together with his/her

doctor regarding his/her

medication(s)

0.911 4.0 [4.0–4.0] 4.0 [4.0–4.0] 0.644

5 I am confident that my medication

(s) are helping me

0.740 5 My patient is confident that his/

her medication(s) are helping

him/her

0.732 4.0 [4.0–4.0] 4.0 [4.0–4.0] 0.093

6 I am satisfied with the information

that my doctor has shared with me

0.676 6 My patient is satisfied with the

information shared by his/her

doctor

0.699 4.0 [4.0–4.0] 4.0 [4.0–4.0] 0.494

4 I have a good understanding of my

illness

0.520 4 My patient has a good

understanding of his/her illness

0.837 4.0 [4.0–4.0] 4.0 [3.3–4.0] 0.009�

1 I take my medication(s) everyday as

directed

0.534 1 My patient is taking his/her

medication(s) everyday as

directed

0.588 4.0 [4.0–4.0] 4.0 [4.0–5.0] 0.579

Total score of knowledge and belief domain 28.0 [28.0–

29.0]

28.0 [26.0–

30.0]

0.082

Adherence 3 I do not take medication(s) LESS

than directed

0.761 3 My patient does not take his/her

medication(s) LESS than directed

0.778 4.0 [4.0–4.0] 4.0 [2.0–4.8] 0.952

2 I do not take medication(s) MORE

than directed

0.673 2 My patient does not take his/her

medication(s) MORE than

directed

0.839 4.0 [4.0–4.0] 4.0 [4.0–5.0] 0.479

Total score of adherence domain 8.0 [8.0–8.0] 8.0 [6.0–8.8] 0.615

Deleted

items��
4 I do not skip or stop taking medication(s) without

informing my doctor

4 My patient does not skip or stop taking his/her

medication(s)

11 I know about the side effects of my medication(s) 11 My patient is aware about the side effects of his/

her medication(s)

12 I know how to contact the doctor/pharmacist or

nurse regarding my medication(s)

12 When in doubt, my patient knows how to

contact the doctor/pharmacist or nurse

regarding his/her medication(s)

�Statistically significant = p-value<0.05;

��Items number listed in this table is according to the P-MAI-12 and H-MAI-12.

https://doi.org/10.1371/journal.pone.0242051.t003
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secondary school education (>11 years of education) indicating that both groups of partici-

pants were able to complete the self-administered instrument without any problems.

The total score of the P-MAI-9 and the H-MAI-9 were not found to be significantly differ-

ent, indicating that medication adherence assessed by the patient and the HCP were similar.

This shows that the patient’s medication adherence could be assessed using the P-MAI-9 and

the results obtained could be confirmed using the H-MAI-9. These instruments may provide

researchers with an alternative tool for assessing medication adherence more accurately.

The overall Cronbach’s alpha and the individual domains of the P-MAI-9 and the H-MAI-9

were>0.6, indicating acceptable internal consistency [74]. At test-retest, 7/9 items in the

P-MAI-9 showed no significant difference indicating that the instrument has achieved stable

reliability. In contrast, 8/9 items in the H-MAI showed a significant difference between test and

retest. The medication adherence total score assessed by HCP at test (median = 36; mean = 35

and at retest was (median = 36; mean = 38) [Table 4]. Eight out of nine items in H-MAI-9 were

significantly higher at retest (p<0.05). At retest, medication adherence scores were higher than

at test. This may be because test was conducted during a doctor-patient consultation, where

doctors were able to assess their patient’s medication adherence based on the patient’s body lan-

guage, clinical and laboratory results; whilst retest was conducted. over-the-phone [78], and

Fig 2. The number of constructs in the Healthcare Professional-Medication Adherence Instrument (H-MAI).

https://doi.org/10.1371/journal.pone.0242051.g002
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Table 4. Reliability of the PATIENT-Medication Adherence Instrument (P-MAI-9) and HEALTHCARE PROFESSIONAL-Medication Adherence Instrument

(H-MAI-9).

Item Domains Cronbach

α
Corrected item-total

correlation

Cronbach α if item

deleted

Test (n = 120) Retest (n = 87) Wilcoxon signed-rank

test p-valueMedian

[IQR]

Mean

[SD]

Median

[IQR]

Mean

[SD]

A) PATIENT-Medication Adherence Instrument (P-MAI-9)

1 Knowledge and

belief

0.860 0.473 0.864 4.0 [4.0–4.0] 4.10

[0.58]

4.0 [4.0–4.0] 4.10

[0.42]

0.870

4 0.470 0.864 4.0 [4.0–4.0] 4.12

[0.57]

4.0 [4.0–4.0] 4.16

[0.40]

0.873

5 0.687 0.832 4.0 [4.0–4.0] 4.07

[0.56]

4.0 [4.0–4.0] 4.11

[0.23]

0.480

6 0.630 0.841 4.0 [4.0–4.0] 4.06

[0.50]

4.0 [4.0–4.0] 4.03

[0.23]

0.580

7 0.713 0.828 4.0 [4.0–4.0] 4.04

[0.57]

4.0 [4.0–4.0] 3.90

[0.37]

<0.001�

8 0.740 0.827 4.0 [4.0–4.0] 4.18

[0.47]

4.0 [4.0–4.0] 4.28

[0.46]

0.086

9 0.772 0.826 4.0 [4.0–4.0] 4.15

[0.42]

4.0 [4.0–4.0] 4.18

[0.46]

0.695

Total score of knowledge and belief domain 28.0 [28.0–

29.0]

28.7

[2.71]

28.0 [28.0–

29.0]

28.8

[2.10]

0.879

2 Adherence 0.670 0.510 - 4.0 [4.0–4.0] 3.95

[0.78]

4.0 [4.0–4.0] 4.04

[0.29]

0.685

3 0.510 - 4.0 [4.0–4.0] 3.71

[0.93]

4.0 [4.0–4.0] 3.98

[0.45]

0.009�

Total score of adherence domain 8.0 [8.0–8.0] 7.67

[1.49]

8.0 [8.0–8.0] 8.02

[0.64]

0.118

Total score of both domains 36.0 [35.0–

37.0]

36.4

[3.09]

36.0 [36.0–

38.0]

36.8

[2.42]

0.383

B) HEALTHCARE PROFESSIONAL-Medication Adherence Instrument (H-MAI-9)

1 Knowledge and

belief

0.917 0.746 0.909 4.0 [4.0–5.0] 3.84

[1.16]

4.0 [4.0–5.0] 4.28

[0.79]

0.004�

4 0.809 0.898 4.0 [3.3–4.0] 3.79

[0.96]

4.0 [4.0–5.0] 4.18

[0.66]

0.001�

5 0.743 0.905 4.0 [4.0–4.0] 3.83

[0.94]

4.0 [4.0–5.0] 4.20

[0.64]

0.003�

6 0.552 0.922 4.0 [4.0–4.0] 4.01

[0.69]

4.0 [4.0–5.0] 4.20

[0.55]

0.079

7 0.698 0.910 4.0 [4.0–4.0] 3.99

[0.73]

4.0 [4.0–5.0] 4.18

[0.58]

0.049�

8 0.871 0.892 4.0 [4.0–4.0] 4.00

[0.87]

4.0 [4.0–5.0] 4.29

[0.66]

0.023�

9 0.855 0.893 4.0 [4.0–4.0] 4.01

[0.90]

4.0 [4.0–5.0] 4.28

[0.64]

0.037�

Total score of knowledge and belief domain 28.0 [26.0–

30.0]

27.5

[5.17]

28.0 [28.0–

33.0]

29.6

[3.61]

<0.001

2 Adherence 0.722 0.569 - 4.0 [4.0–5.0] 3.88

[1.12]

4.0 [4.0–5.0] 4.28

[0.78]

0.004�

3 0.569 - 4.0 [2.0–4.8] 3.58

[1.27]

4.0 [4.0–5.0] 4.11

[0.99]

0.006�

Total score of adherence domain 8.0 [6.0–8.8] 7.46

[2.13]

8.0 [8.0–

10.0]

8.40

[1.67]

0.002

Total score of both domains 36 [32.5–

38.0]

34.93

[6.49]

36.0 [36.0–

43.0]

38.00

[4.90]

<0.001�

�Statistically significant = p-value<0.05.

https://doi.org/10.1371/journal.pone.0242051.t004
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patients may tend to report “better” adherence in fear of “displeasing” their doctor [79]. This

suggests that the H-MAI-9 should only be used in a clinical setting, and not over the phone.

The sensitivity and specificity of the P-MAI-9 and H-MAI-9 were found to be similar.

This shows that both instruments almost mirrored each other. The specificity of the P-MAI-

9 and the H-MAI-9 in identifying patients were non-adherent to their medications and had

poor glycaemic control were 51.6% and 66.7%, respectively. However, it was found that the

sensitivity of P-MAI-9 and H-MAI-9 which correctly determining participants who were

adherent and also had good glycaemic control were only 37.8% and 46.8%, respectively.

Similar to a previous study conducted in Thailand, the low sensitivity and high specificity

of the P-MAI-9 and the H-MAI-9 suggesting that both instruments can be used to identify

patients with poor adherence in clinical practice [80]. Besides, the low sensitivity and high

specificity of the P-MAI-9 and the H-MAI-9 were probably attributed to overestimated

adherence behaviour when compared to other assessments [60]. Studies have shown that

patients only tend to be truthful about their non-adherence to medication when they know

that they will not be criticized [81, 82]. This is possible when HCPs manage to develop a

good rapport with their patients during patient care.

One of the limitations of this study was that the P-MAI and H-MAI were both developed

in English. This means that these instruments can only be used by patients and HCPs who

understand English. Convergent validity was not performed, as there were no validated

instruments to assess medication adherence from two different perspectives (patient’s and

HCP’s perspectives) at the time this study was conducted. We did not perform CFA as CFA

is usually assessed for instruments that have a well-developed underlying theory for hypoth-

esized patterns of loadings [83]. Ideally, the retest of P-MAI and H-MAI should be con-

ducted in a clinical setting and not via telephone interviews. However, this could not be

done as it was almost impossible to ask patients to come back after two weeks just to assess

the reliability of the instruments.

Conclusion

The P-MAI-9 and H-MAI-9 were developed to assess medication adherence among people

with diabetes mellitus in Malaysia from the patient’s and HCP’s perspectives, respectively. The

final version of the P-MAI-9 and H-MAI-9 which consists of 9 items with two domains mea-

suring “knowledge and belief” (7 items) and “adherence” (2 items) had low sensitivity and

high specificity, suggesting that both instruments can be used for identifying patients who are

likely to be non-adherent to their medications in clinical practice.

Table 5. Sensitivity and specificity of the PATIENT-Medication Adherence Instrument (P-MAI-9) and HEALTHCARE PROFESSIONAL-Medication Adherence

Instrument (H-MAI-9).

P-MAI-9 (n = 113) H-MAI-9 (n = 113)

Adherence Adherence; n (%) Non-adherence; n (%) Positive and negative

predictive value

Adherence; n (%) Non-adherence; n (%) Positive and negative

predictive value

Good control of

HbA1c (�7%)

31 (37.8) [TP] 15 (48.4) [FP] Positive PV = TP/(TP

+FP) x 100% = 67.4%

29 (46.8) [TP] 17 (33.3) [FP] Positive PV = TP/(TP

+FP) x 100% = 63.0%

Poor control of

HbA1c (>7%)

51 (62.2) [FN] 16 (51.6) [TN] Negative PV = TN/(TN

+FN) x 100% = 23.9%

33 (53.2) [FN] 34 (66.7) [TN] Negative PV = TN/(TN

+FN) x 100% = 50.7%

Sensitivity and

specificity

Sensitivity TP/(TP

+FN) x 100% = 37.8%

Specificity TN/(TN

+FP) x 100% = 51.6%

Sensitivity TP/(TP

+FN) x 100% = 46.8%

Specificity TN/(TN

+FP) x 100% = 66.7%

PV, Predictive value; TP, True positive; TN, True negative; FP, False positive; FN, False negative.

https://doi.org/10.1371/journal.pone.0242051.t005
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