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Abstract
Background and Objective Several medication adherence patient-reported outcome measures (MA-PROMs) are available 
for use in patients with cardiovascular disease (CVD); however, little evidence is available on the most suitable MA-PROM 
to measure medication adherence in patients with CVD. The aim of this systematic review is to synthesise the measurement 
properties of MA-PROMs for patients with CVD and identify the most suitable MA-PROM for use in clinical practice or 
future research in patients with CVD.
Methods An electronic search of nine databases (PubMed, MEDLINE, CINAHL, ProQuest Health and Medicine, Cochrane 
Library, PsychInfo, Scopus, Embase, and Web of Science) was conducted to identify studies that have reported on at least one 
of the measurement properties of MA-PROMs in patients with CVD. The methodological quality of the studies included in 
the systematic review was evaluated using the COnsensus-based Standards for the selection of health Measurement INstru-
ments (COSMIN) checklist.
Results A total of 40 MA-PROMs were identified in the 84 included studies. This review found there is a lack of moderate-
to-high quality evidence of sufficient content validity for all MA-PROMs for patients with CVDs. Only eight MA-PROMs 
were classified in COSMIN recommendation category A. They exhibited sufficient content validity with very low-quality 
evidence, and moderate-to-high quality evidence for sufficient internal consistency. The 28 MA-PROMs that meet the require-
ments for COSMIN recommendation category ‘B’ require further validation studies. Four MA-PROMs including Hill–Bone 
Compliance Medication Scale (HBMS), the five-item Medication Adherence Report Scale (MARS-5), Maastricht Utrecht 
Adherence in Hypertension (MUAH), and MUAH-16 have insufficient results with high quality evidence for at least one 
measurement property and consequently are not recommended for use in patients with CVD. Two MA-PROMs (Adherence 
to Refills and Medications Scale [ARMS] and ARMS-7) are comprehensive and have moderate to high quality evidence for 
four sufficient measurement properties.
Conclusion From the eight MA-PROMs in COSMIN recommendation category A, ARMS and ARMS-7 were selected as 
the most suitable MA-PROMs for use in patients with CVD. They are the most comprehensive with be best quality evidence 
to support their use in clinical practice and research.
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1 Introduction

Cardiovascular diseases (CVDs) are a major public health 
burden that is impacting on sustainable human development 
[1]. Worldwide, it is estimated that CVDs affect 422 mil-
lion people, making them the leading cause of death glob-
ally, with an estimated one-third of all death attributed to 
CVDs [2]. Of these global deaths, in excess of 75% occur in 
low- and middle-income countries (LMIC) [3]. To reduce 
the risk of developing CVDs, behavioural changes, such 
as cessation of cigarette smoking, reducing harmful use of 
alcohol, increased physical activity and a healthy diet, are 
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Key Points 

This systematic review used COSMIN guidelines to pro-
vide synthesised evidence on the measurement proper-
ties of MA-PROMs for patients with CVD.

ARMS and ARMS-7 were selected as the most suitable 
PROMs from the eight identified MA-PROMs (ABQ, 
ARMS, ARMS-7, MAS, MASES-R, MEDS, MTQ-Pur-
poseful action, and SEAMS) for patients with CVD.

The findings of this review could assist healthcare pro-
viders and researchers to select the most suitable PROM 
to evaluate adherence to medication for CVD in their 
context.

necessarily consider multiple facets of non-adherence and 
were not individualised at the patient level to consider 
specific reasons for non-adherence, such as intentional or 
non-intentional non-adherence [14]. Improving medication 
adherence begins with a valid and reliable assessment of 
medication adherence through appropriate consideration of 
the reasons for, and the level of, any non-adherence prior to 
choosing an appropriate intervention [15].

Currently, there is no consensus on a universal method 
of adherence measurement and there has been debate over 
a ‘gold standard’ for measuring adherence [16]. According 
to the WHO, medication adherence measures are classi-
fied into two categories: objective measures and subjective 
measures [6]. Objective measures of medication adherence 
are considered to be more reliable and accurate than subjec-
tive methods [6, 17], and may include approaches such as 
electronic monitoring, pharmacy and/or other health-care 
provider records, pill counts, or biochemical measures. How-
ever, objective measures may involve additional costs and 
the procedures require more time than routine clinical prac-
tice allows [17]. Subjective measures involve approaches 
such as self-report and healthcare provider assessment [6].

Patient-reported outcome measures (PROMs) are self-
report instruments designed to capture information on 
patients-reported outcomes (PROs) [18–20]. Patient-
reported outcomes are defined as “any report of the status 
of a patient’s health condition that comes directly from the 
patient, without interpretation of the patient’s response by a 
clinician or anyone else” [21], and PROMs are used to col-
lect these data for healthcare decision making [22]. Patient-
reported outcomes provide patients’ perspectives on their 
health condition or health behaviour. Medication-taking 
behaviour is one of the PROs that could be evaluated in 
clinical practice and research to inform medication adher-
ence support, treatment benefits or harms, and be used as a 
proxy indicator of clinical progress, disease complications, 
hospital admissions, healthcare costs and death [6, 20, 23]. 
Patient-reported outcome measures are the most extensively 
used measure of medication adherence, primarily because 
they are relatively inexpensive, easy to undertake, take a 
short amount of time, and are less invasive than objective 
measures. Medication adherence PROMs (MA-PROMs) 
may use questions about the extent of non-adherence or rea-
sons for non-adherence [15], and can be used in large popu-
lation samples. Patient-reported outcome measures have 
two main weaknesses, recall and social desirability bias, 
which may result in overestimation of adherence [15–17]. 
Medication adherence patient-reported outcome measures 
should be of sufficient quality to ensure that the results are 
representative; therefore, the most suitable PROM with evi-
dence of reliability, validity, and comprehensiveness should 
be selected [15].

recommended [4]. In patients with either established CVD 
or those who are at higher risk for future CVDs, long-term 
medication usage is required [5], and it is reported that more 
than half the patients with chronic diseases do not take their 
medications as prescribed (low medication adherence) [6].

Medication adherence is a complex phenomenon affected 
by multiple factors. The World Health Organization (WHO) 
defined adherence as “the extent to which a person’s behav-
iour—taking medication, following a diet or executing life-
style changes, corresponds with agreed recommendations 
from a healthcare provider” [6, p.3]. There is growing evi-
dence that taking medications as prescribed is linked with 
better clinical, humanistic and economical outcomes [7]. In 
patients with CVD, non-adherence could lead to a failure to 
control disease symptoms, higher risk of future cardiovas-
cular complications, preventable hospital readmissions or 
early death [8, 9].

Under-utilisation of medications has an economic impact 
as significant resources are wasted due to healthcare-related 
costs associated with hospital admissions, readmissions 
and/or complications occurring when medication is under-
utilised [7]. It has been estimated that sub-optimal use of 
medications resulted in unnecessary costs of US$475B per 
annum worldwide and non-adherence is considered to con-
tribute 57% (US$269B) of these unnecessary costs [10]. It 
has been found that medication adherence in patients with 
congestive heart failure and hypertension reduced average 
annual total health care spending per individual by US$7823 
and US$3908, respectively [11]. Appropriate interventions 
should be designed to improve medication adherence, 
thereby promoting better health and reducing wastage of 
health-care resources [12].

Interventions to improve medication adherence have only 
demonstrated limited effectiveness in previous research 
[7, 13]. This could be because the interventions did not 
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A number of different MA-PROMs are available for 
public use to assess medication adherence for patients with 
CVDs, and each of these cover a range of methods, domains 
and measurement properties [24–26]. Owing to the vulner-
ability of PROMs to overestimation, identifying the most 
suitable PROM requires a rigorous assessment with stand-
ardised guidelines. The COnsensus-based Standards for the 
selection of health Measurement Instruments (COSMIN) 
group established an international consensus-based taxon-
omy terminology, and definitions of measurement properties 
for PROMs [27]. With the clinical utility becoming one of 
the critical features of PROMs integrated into clinical prac-
tice and research [28], clinical utility should be taken into 
account during selection of suitable PROMs [29]. The term 
“feasibility” is used in the COSMIN guidelines to refer to 
clinical utility suggesting that feasibility applies to PROMs, 
whereas clinical utility is more related to an intervention 
[29–31]. In this review, feasibility (clinical utility) is used 
to evaluate whether a MA-PROM can be applied easily for 
the intended context of use (i.e., for evaluation of initiation, 
implementation or discontinuation phases of medication 
adherence in people with CVD) considering the constraints 
of time or cost [29, 32]. Completion time, copyright issue, 
length of PROM, type and method of administration were 
included as elements of feasibility in the selection of the 
MA-PROMs [29, 31].

The purpose of this project was to undertake a systematic 
review of the available MA-PROMs for people with CVD, 
evaluate their quality and feasibility, and to decide if they are 
adequate for purpose; could be improved; or if an entirely 
new MA-PROM is required. A preliminary search was con-
ducted in the Cochrane Database of Systematic Reviews, 
PROSPERO and the Joanna Briggs Institute (JBI) Database 
of Systematic Reviews and Implementation Reports, and no 
systematic reviews were found on the quality of MA-PROMs 
in CVD.

2  Methods

This systematic review used the COSMIN guidelines to 
evaluate the measurement properties of MA-PROMs [29, 
31, 33, 34] and followed the Preferred Reporting Items for 
Systematic Review and Meta-Analysis (PRISMA) guidelines 
[35]. The protocol was registered with PROSPERO (reg-
istration number CRD42019124291) and published in JBI 
Evidence Synthesis [36].

The search strategy for this systematic review followed 
a priori published protocol [36], the three-step method was 
used [37] and COSMIN guided the choice of major concepts 
[29]. The main concepts were generated based on Population 
(patients aged ≥ 18 years with CVD, i.e., hypertension, dys-
lipidaemia, congestive heart failure, coronary heart disease 

or stroke either alone or with other diseases). Instrument 
(any PROM), Construct (at least one of the three phases 
of medication adherence (initiation, implementation or dis-
continuation) and Outcome (at least one of the following 
measurement properties: content validity, structural valid-
ity, internal consistency, cross-cultural validity/measurement 
invariance, reliability, measurement error, criterion validity, 
hypothesis testing for construct validity or responsiveness). 
The authors used the sensitive search filter for measurement 
properties developed by Terwee et al. [38].

Nine databases including PubMed, ProQuest Health 
and Medicine, MEDLINE, Cochrane Library, CINAHL, 
PsychInfo, Web of Science, Embase, and Scopus were 
searched from inception to Dec 31, 2021. Forward citation 
tracking was conducted from databases to include additional 
articles. All articles published in any language were included 
with no date limit. Non-English studies were included until 
data extraction to acknowledge their existence and a possible 
language bias [29].

The authors included studies of any study design that 
reported on the measurement properties of MA-PROMs 
among adults with CVD. Based on the COSMIN guidelines 
[29] studies that used a PROM only to measure outcomes 
or to validate other PROMs as a comparator, were excluded. 
Three levels of screening were performed, namely title 
screening, abstract screening and full-text screening using 
EndNote X9 (Clarivate Analytics, PA, USA). Two reviewers 
(HGT and JS, SW or ETE) independently screened the titles 
then abstracts of articles for eligibility for further evaluation. 
Full-text articles were obtained and independently reviewed 
by two authors (HGT and JS, SW or ETE) to confirm if 
the article met the eligibility criteria. Disagreements were 
resolved through discussion. The process of identifying rel-
evant articles was reported in a PRISMA flow chart [39]. 
The inclusion criteria and operational definitions based on 
COSMIN guidelines on measurement properties [27] were 
described in detail in a priori published protocol [36].

Data were extracted from articles included in the review 
using data-extraction tools guided by the COSMIN check-
list [31]. The data-extraction tools were pilot tested on five 
randomly selected studies. The pilot study was conducted by 
two authors until both authors (HGT and JS) were able to 
record all identified relevant information and were both in 
agreement. Data extraction was conducted by one reviewer 
(HGT) and cross-checked by a second reviewer (JS, SW 
or ETE). Disagreements were resolved through discussion 
between the authors.

The nominated corresponding author of an article was 
contacted to request missing information when necessary. 
If authors did not respond, the requested information was 
reported as “unknown”.

Descriptive statistics were used for the general charac-
teristics of the studies and MA-PROMs. The data from the 
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included studies were synthesised using tables for the risk of 
bias, and results of measurement properties. The adherence 
domain(s) that each MA-PROM measured were described 
using Medication Adherence Model (MAM), which depicts 
both intentional and unintentional reasons for non-adherence 
[40]. Medication Adherence Model has nine domains for 
non-adherence, three related to each of unintentional reasons 
(Pattern Behaviour), intentional reasons (Purposeful Action) 
and Feedback [40]. In this review, a MA-PROM is said to be 
comprehensive if the items of the PROM capture informa-
tion on the extent of both medication-taking and prescription 
filling and at least two domains each from intentional rea-
sons (Pattern Behaviour) and unintentional reasons for non-
adherence (Purposeful Action and Feedback) in the MAM 
framework (Table 2).

Ten COSMIN boxes containing standards were used to 
evaluate risk of bias/methodological quality of studies on 
PROM development (COSMIN box 1), content validity 
(COSMIN box 2) and eight other measurement properties 
(COSMIN boxes 3 to 10) [29, 31, 34]. The methodological 
quality for each measurement property and study, including 
PROM development studies, was evaluated and an overall 
rating score given for each PROM using COSMIN scor-
ing [34, 41]. The quality of evidence was graded as high; 
moderate; low; or very low for the overall ratings using a 
modified GRADE approach for content validity [29, 34]. 
For PROMs with inadequate quality of development study, 
and inadequate quality or no content validity studies, the 
quality of evidence for content validity was obtained from 
reviewer’s ratings and graded as “very low” [34]. The risk 
of bias, imprecision, inconsistency, and indirectness were 
considered to downgrade quality of evidence [29].

2.1  Formulating Recommendations for the Use 
of MA‑PROMs in Patients with CVD

To select the most suitable MA-PROM for evaluation of 
medication adherence for people with CVD, recommen-
dations were generated in relation to both the construct 
(medication adherence) and target population (patients with 
CVD) based on the methodological quality and sufficiency 
of results. Three categories of recommendations based on 
COSMIN guideline were used for this review [29].

A. Patient-reported outcome measures with any level of 
evidence for sufficient content validity AND at least 
low-quality evidence for sufficient internal consistency.

B. Patient-reported outcome measures categorised not in A 
or C.

C. Patient-reported outcome measures with high-quality 
evidence for an insufficient measurement property

We can recommend MA-PROMs in category ‘A’ for use 
in the evaluation of medication adherence in patients with 
CVD, as these MA-PROMs can be seen trusted. There is 
a potential to use MA-PROMs in category ‘B’, but further 
validation study is required to evaluate the quality of these 
MA-PROMs. Medication adherence PROMs of category C 
should not be recommended for use. COSMIN guidelines 
suggest that if no PROMs from category ‘A’ are identified 
and only PROMs from category ‘B’ are available, the PROM 
with best evidence on sufficient content validity can be rec-
ommended on a preliminary basis, until further evidence is 
obtained [31].

The COSMIN guideline recommends selecting the most 
suitable PROM from category “A” [29]. Further comparison 
of these PROMs was performed based on additional meas-
urement properties, other than content validity and internal 
consistency, with the best evidence. Finally, contexts and 
feasibility aspects were considered to select the most suit-
able MA-PROM for people with CVD.

3  Results

The search strategy identified 8691 records. After removal of 
duplicates, title/abstract and full test screening processes, 69 
records met the inclusion criteria (Fig. 1). Five articles using 
backward citation tracking from the reference list, and 10 
articles with forward citation tracking were included, result-
ing in a final sample of 84 articles. A PRISMA flow-diagram 
of the search procedures and results is provided in Fig. 1.

The study characteristics of the 84 included articles 
[42–125], each reporting a unique study, are presented in 
Supplementary data, Table S1. Of these, nine studies [47, 
51, 65, 66, 78, 80, 118, 119, 125] evaluated two MA-PROMs 
simultaneously, whereas one study [85] included three MA-
PROMs. The largest number of studies were conducted in 
the USA (26/84). Only two studies were undertaken in 
Africa [85, 99]. English was the most common target lan-
guage for MA-PROMs within the studies (n = 31, 37%), 
while there were seven studies in Chinese, six studies in Per-
sian, five each in Brazilian Portuguese, German, and Turk-
ish, four studies in Arabic, three each in Korean, Polish and 
Spanish, and two in European Portuguese. The MA-PROM 
language was not described in five studies conducted in Bra-
zil (3), Denmark (1), and India (1). Other eight MA-PROM 
languages were used once as a target language for the MA-
PROM, including Czech, French, Kannada, Malay, Run-
yankore/Rukiga, Thai language and Xhosa. The most com-
mon study setting was hospital-outpatient services (n = 39, 
46%). Patients with a single specific disease were recruited 
in 76% of the studies (n = 64), of which 48 studies (75%) 
included patients with hypertension. Nearly 95% (n = 80) 



883Patient-Reported Outcome Measures for Medication Adherence in Cardiovascular Disease

of the included studies employed a cross-sectional design 
to evaluate MA-PROMs for their measurement properties.

Forty separate MA-PROMs were evaluated by the 84 
studies included in this review. Of the 40 MA-PROMs, the 
eight-item Morisky Medication Adherence Scale (MMAS-
8) (n = 18) was the most frequently evaluated MA-PROM, 

followed by Morisky Green Levine Scale (MGLS) (n = 8). 
Characteristics for all included MA-PROMs are provided 
in Table 1. Most MA-PROMs (n = 32, 78%) were generic 
measures of medication adherence, and 8 were specific 
to hypertension [51, 71, 77, 85, 89, 103, 110, 121]. None 
of the included MA-PROMs evaluated all three phases of 
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medication adherence. Almost all MA-PROMs had items 
that evaluated the implementation phase (39/40), while 20 
MA-PROMs had items dealing with the discontinuation 
phase. No MA-PROMs had items related to the initiation 
phase of medication adherence.

The MA-PROMs included between 1 and 28 items [66, 
89, 105, 125] and most (35/40) used a Likert scale, with 
between 3 and 10 points, as a response format for their 
items. A recall period, from 1 day [50, 95, 103] to 1 year, 
[103] was specified in 14 of the included MA-PROMs. A 
combination of different recall periods was used within six 
MA-PROMs [47, 50, 56, 92, 93, 103] . The recall period for 
VAS varied across studies [66, 125].

Medication adherence patient-reported outcome meas-
ures may have licensing information and cost to use. Two 
MA-PROMs are licensed and subject to charge [95, 97]. Six 
MA-PROMs are in the public domain [65, 66, 96, 98, 102, 
105, 125] while 12 MA-PROMs are free of charge provided 
that the specific conditions are met [45, 81, 92, 93, 103, 114, 
119, 121].

The included MA-PROMs were classified into three 
groups based on the information that items asked about. 
Group-1: items about the extent of non-adherence only [60, 
66, 105, 119, 125]. Group-2: items about reasons for non-
adherence (intentional, unintentional reasons or both). Ten 
asked about both intentional and unintentional reasons for 
non-adherence [51, 71, 86, 96, 97, 102, 116, 119, 121, 122]. 
Two asked about intentional reasons only [74, 120] and one 
[73] asked about unintentional reasons only. Group-3: items 
asks about both the extent of, and reasons for, non-adherence 
[45, 50, 54–56, 65, 67, 77, 78, 81, 85, 89, 91–93, 95, 98, 
103, 110, 113, 114, 117, 126]. Six MA-PROMs [50, 54, 81, 
92, 93, 98] in Group-3 were comprehensive enough to cap-
ture information on the extent of both medication-taking and 
prescription-filling and at least two additional domains from 
both intentional and unintentional reasons for non-adherence 
from the MAM framework [40] (Table 2).

3.1  Evaluating the Measurement Properties 
of MA‑PROMs in CVD

3.1.1  Overall Content Validity

Patient-reported outcome measures development was rated 
for the 24 original MA-PROMs [45, 60, 77, 78, 81, 86, 89, 
96, 97, 102, 103, 105, 113, 114, 116, 119–122, 127–130] 
and 13 MA-PROMs [46, 50, 51, 53–56, 65, 67, 70, 80, 85, 
92, 95, 110, 117] were modified versions of the original 
MA-PROMs. Patient-reported outcome measures develop-
ment was not rated for 3 MA-PROMs [66, 71, 91, 125], 
the development studies for two were published in a lan-
guage other than English [71, 91], and a development study 
could not be found for one [66]. However, all three of these 

original MA-PROMs were included in this review because 
their measurement properties had been evaluated among 
people with CVD.

The quality PROM development was obtained from 
PROM design (concept elicitation) and cognitive interview 
studies (Table 3). The concept elicitation for 21 MA-PROMs 
did not involve patients in their development and was there-
fore deemed inadequate [45, 50, 56, 60, 77, 78, 81, 97, 102, 
103, 105, 113, 114, 119, 120, 122, 126]. The concept elici-
tation for one study [98] was rated very good as patients 
representative of the target population were involved in a 
qualitative study [130] of very good quality. The concept 
elicitation was of adequate quality for four MA-PROMs 
because items were generated from a sample representing 
the target population using a qualitative study of adequate 
quality [86, 119, 128, 129].

Cognitive interviews with patients were reported for the 
development of ten original MA-PROMs [45, 60, 77, 81, 
102, 113, 116, 119, 121, 122]. Cognitive interviews were 
rated doubtful for all of these MA-PROMs because at least 
one of the standards for cognitive interviews was rated 
doubtful. The overall quality of PROM development was 
rated inadequate for most of the MA-PROMs (32/40). Only 
two had doubtful quality on the overall PROM development, 
both having doubtful quality for both concept elicitation and 
cognitive interview parts [116, 121].

Of the 35 studies that evaluated the content validity of an 
existing MA-PROM, 21 involved only patients [42, 44, 47, 
52, 55, 59, 61, 62, 68, 70, 72, 75, 76, 79, 84, 88, 90, 99, 109, 
115, 131], 4 involved only experts [67, 89, 103, 124], and 10 
involved both patients and experts [46, 54, 63, 64, 73, 74, 86, 
108, 117, 123] (Table 4). No studies that were not develop-
ment studies were found on content validity for 21 of the 
identified MA-PROMs [45, 50, 51, 56, 60, 66, 71, 78, 80, 85, 
91–93, 96, 97, 105, 110, 113, 119–121, 125]. All 31 content 
validity studies involving patients were of doubtful quality 
for relevance and comprehensibility, and none evaluated the 
comprehensiveness aspect of the content validity. Of the 14 
content validity studies involving experts, three studies [54, 
103, 117] evaluated comprehensiveness with doubtful qual-
ity for two MA-PROMs [54, 117] and inadequate quality 
for one [103]. Of all studies involving experts, evaluated 
relevance, only two had adequate quality [89, 123].

3.1.2  Measurement Properties Other Than Content Validity

All 84 included studies evaluated at least one measurement 
property. The methodological quality ratings for each study 
of measurement properties for a MA-PROM and the rating 
for the overall result per MA-PROM are available in Supple-
mentary Data – Table S2. Internal consistency (78 studies) 
was the most frequently evaluated measurement property. 
A total of 75 studies were found on construct validity (54 
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studies on convergent validity and 38 studies on known-
group validity [KGV]). Structural validity and reliability 
were evaluated in 64 and 37 studies, respectively. Only 
three studies [65, 87, 103] evaluated the structural valid-
ity based on item response theory (IRT); two studies [65, 
103] using a 2-parameter logistic model, and one study[87] 
using Rasch model. The remaining studies employed clas-
sical test theory (CTT). Five studies [81, 87, 88, 102, 108] 
on cross-cultural validity, and three studies [49, 77, 96] on 
responsiveness were found. No included studies evaluated 
measurement error or criterion validity. The methodological 
quality was evaluated for each measurement property across 
studies (Table 4). The quality of structural validity was rated 
as ‘very good’ in only 35% of studies (23/64). Nearly half 
of studies (52%, 41/78) on internal consistency had a ‘very 
good’ quality rating. About 62% of the studies (23/37) on 
reliability scored either a ‘doubtful’ or ‘inadequate’ quality 
rating. All but one study scored ‘doubtful’ for cross-cultural 
validity (5/5). One study reporting on the evaluation of con-
struct validity using KGV had a very good rating [76], the 
quality of all other studies evaluating KGV was doubtful. All 
studies reporting on responsiveness (3/3) were rated ‘doubt-
ful’. The highest number of measurement properties, other 
than content validity, evaluated in a single study was five out 
eight (Table 4) [81, 102].

3.2  Evidence Synthesis per PROM

Medication adherence patient-reported outcome measures 
were classified into three groups based on whether the items 
gathered information on the extent of and/or the reasons 
for medication non-adherence (Table 5). They were also 
grouped with regard to the quality of the overall evidence 
for each measurement property [29, 31].

Eight MA-PROMs were classified in COSMIN recom-
mendation category ‘A’; four in each of Group-2 [74, 97, 
102, 122] and Group-3 [45, 65, 67, 81]. These MA-PROMs 
had sufficient results for both content validity (with very 
low quality of evidence) and internal consistency (with 
moderate-to high-quality evidence). The four MA-PROMs 
in Group-3 with category ‘A’ were prioritised for MA-
PROM selection as they are more comprehensive. Of these 
MA-PROMs, Adherence to Refills and Medications Scale 
(ARMS) [81] or ARMS-7 [67] have high-quality evidence 
for sufficient results on a higher number of measurement 
properties, including structural validity, internal consist-
ency, reliability (moderate-quality for ARMS), and construct 
validity. In addition, the original ARMS had sufficient result 
on measurement invariance with low-quality evidence. Con-
sequently, the most suitable MA-PROMs for people with 
CVD are ARMS or ARMS-7.

Four MA-PROMs had high quality evidence of insuffi-
cient results for at least one measurement property and were Ta
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classified in COSMIN recommendation category ‘C’. Two 
MA-PROMs in Group-2 (Maastricht Utrecht Adherence in 
Hypertension [MUAH], and MUAH-16) and two in Group-3 
(Hill–Bone Compliance Medication Scale [HBMS] and the 
five-item Medication Adherence Report Scale [MARS-5]). 
There was high-quality evidence on insufficient structural 
validity for MUAH, insufficient internal consistency for 
MAUH-16 and MARS-5, and insufficient construct validity 
for HBMS.

Most of the MA-PROMs had very low-quality evidence 
for content validity. Only two MA-PROMs [54, 117] had 
moderate-quality evidence for sufficient results on overall 
content validity based on the evidence from more than one 
content validity study with doubtful methodological quality. 
There was no high-quality evidence on insufficient content 
validity for any of the MA-PROMs; consequently, the other 
measurement properties for each MA-PROM were further 
evaluated.

The most commonly used MA-PROM, the eight-item 
Morisky Medication Adherence Scale (MMAS-8), exhibited 
high-quality evidence for sufficient construct validity, and 
low-quality evidence for sufficient reliability (downgraded 
due to risk of bias and inconsistent results). However, the 
overall rating of MMAS-8 on internal consistency cannot be 
determined because the results per study on structural valid-
ity of MMAS-8 were inconsistent (only 57% of studies had 
the same factor structure with inconsistent results (should 
be 75% or greater).

The 4-item Morisky Green Levine Scale (MGLS) from 
Group-2 was the second most frequently evaluated MA-
PROM, and there was low-quality evidence for sufficient 
structure validity and responsiveness, and very low-quality 
evidence for sufficient reliability, but it exhibited insufficient 
internal consistency with low-quality evidence, and insuf-
ficient construct validity with moderate-quality evidence 
(downgraded due to inconsistent results).

4  Discussion

This systematic review used the COSMIN guidelines to eval-
uate measurement properties [29, 33, 34] and feasibility [29, 
132] to select the most suitable MA-PROM for people with 
CVD. Results on the evaluation of medication adherence 
using the selected PROM(s) should be trustworthy for use in 
patients with CVDs. A suitable PROM requires at least both 
sufficient content validity with any level of evidence and suf-
ficient internal consistency with at least low-quality evidence 
[132] according to COSMIN guidelines [29, 31]. Eight of 
the 40 identified MA-PROMs were found to have sufficient 
content validity (all with very low quality evidence), and 
sufficient internal consistency with moderate to high qual-
ity evidence based [29, 31, 45, 46, 65, 74, 81, 97, 102, 122]. 

Of these eight MA-PROMs, only ARMS and ARMS-7 are 
comprehensive and have moderate to high quality evidence 
for three other measurement properties, including structural 
validity, reliability, and construct validity.

Despite favourable findings on the quality of measure-
ment properties, previous systematic reviews [133, 134] 
did not recommend ARMS and ARMS-7 as suitable MA-
PROMs. The primary reason for this difference is that both 
reviews [133, 134] did not follow the COSMIN category of 
recommendations, which requires sufficient content valid-
ity with any level of evidence, and sufficient internal con-
sistency with at least low-quality evidence as a prerequisite 
for category “A”. Instead, the previous reviews [133, 134] 
recommended PROMs with a higher number of measure-
ment properties with at least moderate-quality evidence for 
sufficient results. One review [133] found that the ARMS 
exhibited strong evidence of sufficient content validity and 
internal consistency which, according to the COSMIN 
guideline, should have been classified as recommenda-
tion category “A”. On the other hand in the review [133], 
MMAS-8 showed insufficient internal consistency with 
strong evidence and no content validity rating (COSMIN 
recommendation category “C”) and was recommended as a 
suitable MA-PROM for people at risk of metabolic disorders 
[133]. The other review [134] reported that both ARMS and 
ARMS-7 have high-quality evidence for sufficient internal 
consistency and low-quality evidence for sufficient con-
tent validity (ARMS) and indeterminate content validity 
(ARMS-7) [134]. Consequently, according to the COSMIN 
category of recommendations [29, 31] the ARMS should 
have been recommended at least as a suitable MA-PROM 
by the authors [134]. Another issue in the previous reviews 
[29, 31, 133, 134] is that the summarised result with a level 
of evidence for content validity was not rated for some MA-
PROMs. According to COSMIN criteria, content validity 
should be rated as either sufficient, insufficient, or incon-
sistent, but not indeterminate. The result of content validity 
should be rated at least with the reviewers’ rating of the 
PROM itself and grading the evidence with very-low quality 
when the development study is inadequate and there is no or 
inadequate content validity studies [34].

Content validity is the first and most important measure-
ment property to be considered for the selection of a PROM 
because there should be evidence to confirm that the items of 
a PROM are relevant, comprehensive, and comprehensible 
in relation to the construct (e.g., medication adherence) and 
target population (e.g., people with CVD) [34, 132]. The 
lack of high-quality evidence on content validity of PROMs 
to measure medication adherence for people with CVD is 
highlighted by this review. Most of the MA-PROMs had 
very low-quality evidence for content validity. For MA-
PROMs that were developed without patient involvement, 
in both concept elicitation and cognitive interview, content 
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validity should be evaluated for a use in patients with CVD. 
This is because content validity studies can provide stronger 
evidence than the PROM development study. Poorly devel-
oped PROM (inadequate quality) can have high quality evi-
dence on content validity provided that there is at least one 
content validity study with very good or adequate quality 
[34]. Additional content validity studies are also required 
for all MA-PROMs included in this review to provide high 
quality evidence for sufficient relevance, comprehensiveness 
and comprehensibility. The content validity studies should 
include both patients and experts in the field [34].

Apart from content validity, the most frequently evalu-
ated measurement properties were construct validity, inter-
nal consistency and structural validity. Consistent findings 
of internal consistency, construct validity, and structural 
validity in a previous systematic review of MA-PROMs 
for patients at risk of metabolic syndrome were found 
[133], while construct validity and internal consistency in 
another review of MA-PROMs for all chronic diseases [134] 
were found as the most frequently evaluated measurement 
properties.

No studies in the current review evaluated criterion valid-
ity, which is consistent with a previous review [134]. Cri-
terion validity was reported in the other review for studies 
that reported correlations, area under the curve, sensitivity, 
or specificity regardless of the type of outcome comparator 
used [133]. However, the COSMIN guidelines [31, 33] sug-
gested that there is no gold standard measure for PROMs, 
unless the original PROM is used as a comparator for the 
validation of the modified version PROM. In such a case, the 
original PROM becomes the default gold standard measure 
[31]. None of the studies evaluating a modified version of a 
MA-PROM used original PROM as a comparator for valida-
tion purposes in the current review.

Structural validity is the second measurement property 
to be considered for the selection of PROM and it is also a 
prerequisite for internal consistency [132]. Few studies had 
very good quality on structural validity using CFA or IRT/
Rasch model. According to COSMIN guidelines, the use 
of Cronbach’s alpha for the total score of multidimensional 
scale cannot be interpreted unless there is evidence for uni-
dimensionality from a high-order or bi-factor CFA [29].

Most reliability studies had doubtful or inadequate 
methodological quality. As a result of an inappropriate time 
interval for test-retest, different test conditions, or choice of 
statistical methods. A 2-week time interval is often deemed 
appropriate for the evaluation test-retest reliability [135]. 
The test and the retest conditions, such as mode of admin-
istration, and settings, should be similar. For PROMs with 
continuous scores, the intraclass correlation coefficient 
(ICC) should be calculated [135] using a two-way random 
effects model [136]. The methodological quality for all stud-
ies on KGV (except for one study) was doubtful, mainly 

because the important characteristics, such as age, gender, 
etc., were not reported for the two groups (e.g., between 
groups with controlled and uncontrolled blood pressure) 
when comparing the score of a PROM [31]. Responsiveness 
can only be evaluated in studies that use a longitudinal study 
design to measure changes over time in medication adher-
ence. Consequently, only three studies [49, 77, 96] evaluated 
responsiveness.

Four of the identified MA-PROMS (MUAH, MUAH-
16, HBMS and MARS-5) cannot be recommended for use 
in patients with CVD as they were classified in COSMIN 
recommendation category ‘C’. Most of the identified MA-
PROMs, including MMAS-8, were classified in the COS-
MIN recommendation category of ‘B’. These MA-PROMs 
could still potentially be recommended; however, further 
validation studies are required.

The MMAS-8 was the most frequently evaluated MA-
PROM for patients with CVD. It has inconsistent struc-
tural validity and indeterminate internal consistency and 
was classified in the COSMIN recommendation category 
of ‘B’. Consequently, it requires further validation studies 
to provide evidence for sufficient structural validity and 
to obtain interpretable and sufficient internal consistency 
with at least low-quality evidence. Morisky Medication 
Adherence Scale-8 exhibited sufficient construct validity 
with high-quality evidence, and sufficient reliability with 
low-quality evidence. Using the 2010 COSMIN guidelines 
[137] and different target populations, a previous review-1 
by Kim et al reported that MMAS-8 had strong evidence for 
sufficient structural validity, and insufficient internal consist-
ency for people at risk for metabolic syndrome [133]. In the 
Kwan et al review-2 [134], MMAS-8 exhibited inconsistent 
structural validity, internal consistency and construct valid-
ity with high quality evidence for people with any medi-
cal condition. Another review-3 of reliability and validity 
of MMAS-8 in chronic diseases found that MMAS-8 had 
sufficient pooled results of internal consistency but the reli-
ability (test-retest) and criterion validity were not sufficient 
in hypertensive patients [138]. A difference between the cur-
rent review and the review-3 [138] may be attributable to 
the use of different guidelines for methodological quality 
assessment (COSMIN vs QUADAS-2).

The eight MA-PROMs in COSMIN category “A” should 
be used with caution considering different contexts such as 
the domains, phases of medication adherence to be measured 
or target language, and feasibility, including cost and time 
to complete the PROM. In terms of context, MA-PROMs 
that have items about extent of non-adherence, intentional 
and unintentional reasons for non-adherence, and measure 
both implementation and discontinuation phases are more 
comprehensive and can be prioritised to select the most 
suitable MA-PROM. Defined by Vrijens et al [139], that 
adherence to medication is the process by which patients 
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take their medication as prescribed, further divided into 
three quantifiable phases: ‘Initiation’, ‘Implementation’ and 
‘Discontinuation’, is reported in the current review. Most 
MA-PROMs had items that could evaluate the implementa-
tion of prescribed medications. Of the eight MA-PROMs in 
COSMIN recommendation category “A”, only Adherence 
Barriers Questionnaire (ABQ), ARMS and ARMS-7 meas-
ure both the implementation and discontinuation phases of 
medication adherence. Considering domains of medication 
adherence, ABQ has items that ask about reasons for non-
adherence (intentional and unintentional), whereas ARMS 
and ARMS-7 are more comprehensive having items that 
capture information about the extent of (medication taking, 
and refills), unintentional and intentional non-adherence. 
Unlike ARMS, ARMS-7 does not seek information on the 
routine subdomain of unintentional non-adherence, and is 
missing some important items including skipping doses 
(extent of non-adherence), and being careless (remember-
ing), changing dosing to suit needs (routine), forgetting to 
take medication due to frequent dosing (remembering), and 
not refilling medication due to high cost (access).

Feasibility aspects (clinical utility) should also be 
taken into consideration when selecting a PROM and may 
include any costs for using the PROM (i.e., copyright), time 
required to complete the PROM, length of the PROM, mode 
of administration, and response format [132]. Of the MA-
PROMs categorised in COSMIN recommendation category 
‘A’, only ABQ is licensed and subject to charge [95, 97]. 
Response format of the PROM should consider different 
factors including the intended target population; for exam-
ple, the visual analogue scale (VAS) response format is not 
appropriate for patients with visual impairment [140]. Ceil-
ing or floor effects could be avoided by using PROMs with a 
polytomous response format, such as a ≥4-item Likert scale 
[21]. The ARMS and ARMS-7 have a frequency response 
format with 4-point Likert scale, and free of charge for stu-
dents and not-for-profit organisations.

4.1  Implications for Clinical Practice and Research

The current study has gone some way towards enhanc-
ing understanding of the quality and clinical usability of 
the available MA-PROMs for people with CVD. Cardio-
vascular medications are an important intervention for the 
prevention of CVD, control of symptoms, and reduction 
of complications and their associated hospital admission. 
Non-adherence could mask the benefits of treatment leading 
to misinformed decisions in clinical practice and research, 
necessitating the need to monitor medication adherence. Cli-
nicians or researchers can use MA-PROMs to monitor medi-
cation adherence and assist in the identification of whether 
treatment failure is due to non-adherence or ineffective treat-
ment and therefore facilitate informed treatment decisions 

[15]. Another use of MA-PROMs is to identify patients at 
risk for non-adherence, along with possible reasons for non-
adherence, assisting patient-clinician interaction and shared 
decision making, to facilitate tailored care and ultimately 
improve CVD treatment outcomes [141, 142].

Before the integration of MA-PROMs into clinical prac-
tice and research, a number of factors need to be considered. 
MA-PROMs should be chosen on the basis of demonstrated 
feasibility, reliability and measurement accuracy rather than 
popularity. Clinicians and researchers should ensure items 
of the selected MA-PROM capture the important informa-
tion relevant to the targeted CVD and medication adherence. 
Before using a PROM in clinical practice there should be 
evidence that a change in the PROM score is due to a 'true' 
change in the construct of interest rather than by chance. A 
measurement obtained using selected MA-PROM (adher-
ent or non-adherent) should be meaningfully linked to one 
of the targeted clinical endpoints of CVD, such as blood 
pressure, cholesterol level, or symptom control. This infor-
mation could be obtained using a known-group validity or 
discriminative validity [29, 31].

COSMIN guidelines are currently being used to evalu-
ate the clinimetric properties of PROMs [143–145] and a 
recent review by Carrozzino et al has advocated the use of 
a clinimetric methodological approach to evaluate PROMs 
for clinical use [28]. Authors of future systematic reviews 
of PROMS for clinical use should consider whether to use 
COSMIN guidelines, clinimetric methodological approach 
or a combination of the two.

4.2  Strengths and Limitations

The strengths of this review lie in the methods including 
the use of the latest 2018 COSMIN guidelines [29, 33, 34], 
following a prior published protocol [36], and using a pub-
lished sensitive search terms for measurement properties 
[38]. Another strength of this review is that PROM devel-
opment and content validity studies were evaluated because 
content validity is the first and most important measurement 
property for decision in the selection of suitable PROMs. In 
addition to measurement properties, the context and feasibil-
ity aspects of the MA-PROMs were evaluated to guide the 
selection of the most suitable MA-PROM for people with 
CVD.

The review has some potential limitations. The study 
findings should be interpreted with a degree of caution in 
terms of clinimetric properties. The measurement properties 
of MA-PROMs were evaluated based on COSMIN guide-
lines that are more focused on classical psychometric criteria 
than clinical criteria and may miss some clinimetric issues. 
Another limitation is that the review focuses on all types 
of CVD with more evidence being obtained for HTN than 
other CVD. Therefore, careful consideration should be taken 
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when a MA-PROM suitable for all CVD is preferred and 
we recommend selecting a generic PROM with COSMIN 
recommendation category ‘A’. Non-English articles were not 
included which may be a source of language bias and results 
of this review are not generalisable to medical conditions 
other than CVD.

5  Conclusion

Forty MA-PROMs were identified in this systematic review. 
Of these, eight were classified using the COSMIN criteria 
as the most suitable for evaluating medication adherence in 
people with CVD and four as not recommended. Adherence 
to Refills and Medications Scale and ARMS-7 were identi-
fied as the most suitable MA-PROMs as they had the highest 
quality evidence for good measurement properties and were 
the most comprehensive. They measure both implementation 
and discontinuation phases of medication adherence, have 
a 4-point Likert scale frequency response format, and are 
free of charge for use by students and non-profit organisa-
tions. Most MA-PROMs require further studies for people 
with CVD to obtain higher quality evidence, particularly for 
content validity.
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