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Introduction: Medication co-payments represent a financial barrier to antihypertensive medication adherence. The
introduction of co-payments for Irish publically insured patients was associated with a 5% reduction in adherence.
However there is socioeconomic variability within this population, and the impact may be greater for those on
lower income. We evaluated medication-related financial burden of the co-payment in a cohort of Irish publically
insured antihypertensive users and tested its association with adherence at 12 months.

Methods: This was a prospective cohort study of community dwelling older (> 65 yrs) adults (n=1152) from 106
Irish community pharmacies. Participants completed a structured telephone interview at baseline, and a follow-up
interview at 12-months, which we linked to pharmacy records. We assessed medication-related financial burden at
baseline using a single questionnaire item, and adherence at 12 months via questionnaire and refill-adherence as

Results: A third of participants (30.1%) reported financial burden due to medication costs. In adjusted linear
regression models financially burdened participants had significantly lower self-reported adherence (3 =—0.29, 95%
Cl -048 to —0.11), although this was not evident with PDC (8= —2.76, 95% Cl -5.65 to 0.14).

Conclusion: This co-payment represents a financial barrier to antihypertensive adherence for many older Irish
publically insured patients. The negative impact to adherence will potentially increase the risk of adverse outcomes,

Keywords: Antihypertensive medication, Adherence, Compliance, Co-payments, Medication cost-sharing, Health

Background

Medication co-payments are a cost-sharing policy that
intend to reduce the costs of third-party payers by
dis-incentivising the use of unnecessary medication and
shifting some of the cost-burden to patients [1, 2]. How-
ever, co-payments represent a financial barrier to adher-
ence to essential medication [3, 4], and may be
disadvantageous if they lead to a decrease in the use of
cost-effective medication [5]. The most recent Cochrane
review of co-payment policies concluded that reductions
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in essential medication use may be associated with these
policies [2]. A systematic review, which focused solely on
publically insured patients, quantified an 11% increased
risk of non-adherence associated with co-payments. These
co-payment polices ranged from $2 per item up to the full
cost of the medication [6]. In 2010, in an attempt to re-
duce the overall healthcare budget in the face of increas-
ing pharmaceutical expenditure and economic crises, the
Republic of Ireland introduced co-payments for medica-
tion dispensed to publically insured patients under the
General Medical Services scheme (GMS) (see Table 1) [7].

Antihypertensive medication are an essential medica-
tion that may be particularly susceptible to cost-sharing
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Table 1 Eligibility criteria and co-payment levels for the General Medical Services (GMS) scheme

Weekly income thresholds by age group
since Jan 1st 2014

Co-payment levied per each prescription item dispensed, maximum monthly ceiling and associated
decreases in antihypertensive adherence

Age (Years) Weekly Income (€) Date of introduction/increase Co-payment (€) Ceiling (€) Decrease in
Adherence (%)

<66 266.50 October 2010 050 10.00 48

66-69 298.00 January 2013 1.50 19.50 45

70+ 900.00 December 2013 250 25.00 -

In the Republic of Ireland, publically insured patients are covered under the GMS scheme. Eligibility for the GMS is means-tested based on income, with
approximately 35% of the population covered. Coverage rises to approximately 50% for the population aged between 65 and 69 years and increases to 90% for
the population 70 years and over (Central Statistics Office, 2013). Weekly income eligibility thresholds are based on a couple (married/cohabiting/civil partners).
Non-GMS patients include Long-term lliness scheme patients (which covers conditions such as diabetes and epilepsy, but not hypertension) who are entitled to
free medication, Doctor Visit Card holders (eligibility based on higher weekly thresholds) and private patients who pay for dispensed medications up to maximum
of €144 per month. GMS patients are entitled to free primary-care medical visits but pay a levy for each dispensed medications up to a ceiling per calendar
month. During our study GMS patients paid €2.50 per prescription item dispensed, up to a maximum of €25 per month.

policies due to the asymptomatic nature of hypertension
[2, 8]. Poor adherence to antihypertensive medication is
a major contributor to the failure to achieve blood pres-
sure targets [9]. A meta-analysis identified that good ad-
herence is associated with a 19% reduced risk of
cardiovascular disease and a 29% reduction in risk of
all-cause mortality [10]. Analysis of the Irish national
primary-care reimbursement database, indicated that the
introduction of the co-payment in 2010 was associated
with a 4.8% decrease in antihypertensive adherence with
similar decreases observed when the co-payment was
further increased in January 2013 [11, 12]. However,
there is socioeconomic variability within the GMS popu-
lation, as eligibility varies with significantly higher in-
come thresholds applying for older patients (Table 1)
[13]. People on lower income are considered more sus-
ceptible to the effects of co-payments [14, 15]. Thus, it
is possible the observed reduction in adherence may
have been underestimated for those on lower income. As
a result, these patients may be at greater risk of cardiovas-
cular disease and events such as stroke and myocardial in-
farction due to lower antihypertensive medication
adherence [16]. This further compounds existing health
inequalities of higher rates of cardiovascular disease and
events in socioeconomically deprived groups [17, 18].

Our objective was to 1) evaluate the medication-related
financial burden imposed by out of pocket expenses
resulting from the GMS co-payment, and 2) to assess the
effect of this financial burden on adherence at 12 months,
in a cohort of older (> 65 years) hypertensive community
dwelling adults.

Methods

Study setting, participants and design

We conducted a prospective cohort study, recruiting
participants from 106 community pharmacies across the
Republic of Ireland between March and May 2014. Phar-
macies were selected on the basis of participating in the
National Pharmacy Internship Programme. Participants

completed a structured telephone interview conducted
by trained pharmacy interns and were re-contacted at
12 months to complete a follow-up structured telephone
interview. Interviews were subsequently linked to each
patients’ pharmacy records. The financial burden of
medication costs was evaluated at baseline interview,
and antihypertensive medication adherence was assessed
at follow-up via a self-report questionnaire and by calcu-
lating the proportion of days covered (PDC) from linked
dispensing records. Ethical approval for this study was
granted by the Research Ethics Committee of the Royal
College of Surgeons in Ireland.

Inclusion and exclusion criteria

Each pharmacy aimed to recruit 15 participants, inviting
consecutive patients presenting a prescription for at least
one medication for hypertension, aged 65 years or older,
community dwelling, able to speak and understand Eng-
lish with no evidence of cognitive impairment as judged
by the pharmacist. For this analysis we excluded
non-GMS patients.

Exposure

We assessed medication-related financial burden using a
single item from the Adherence Estimator [19], “I feel fi-
nancially burdened by out of pocket expenses incurred by
medication costs”, with an accompanying 6-level
Likert-type response ranging from Agree Completely to
Disagree Completely. The Adherence Estimator is a
three-item questionnaire that evaluates three proximal
predictors of adherence, perceived need for medica-
tion, perceived concerns about medication and per-
ceived medication affordability. The Adherence
Estimator has been psychometrically validated and
demonstrated predictive validity with PDC [19, 20].
We focussed on the item, perceived medication af-
fordability, which assigns a score of 2 to Agree Com-
pletely and Agree Mostly and O to all other responses.
We modified the responses to a 5-level Likert-scale,
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collapsing the responses Agree Somewhat and Dis-
agree Somewhat to a single response Uncertain. Based
on the original scoring method we derived a binary
exposure variable, perceived financial burden, combin-
ing the two levels that indicated agreement with the
statement versus the remaining three levels, which do
not indicate agreement. Participants were asked to re-
spond in relation to their antihypertensive medication.

Outcome

We evaluated adherence to antihypertensive medica-
tion at 12-month follow-up using the 8-item Morisky
Medication = Adherence Scale (MMAS-8). The
MMAS-8 is an 8-item measure with 7 yes/no items
(e.g. “Do you sometimes forget to take your medica-
tion”) and one 5-point response scale (“How often do
you have difficulty remembering to take all your
medication”) (© 2007 Donald E. Morisky). Participants
responded to these questions in relation to their anti-
hypertensive medication. Higher scores on the
MMAS-8 indicate better adherence. The MMAS-8
has been shown to be reliable in estimating adherence
to antihypertensive medications and to have predictive
validity through associations with blood pressure con-
trol [21, 22].

We also evaluated refill adherence as PDC from linked
dispensing records [23]. Refill adherence has demon-
strated predictive validity in hypertension through sig-
nificant associations with blood pressure control [24—
26]. We calculated PDC by dividing the number of days’
covered by the antihypertensive medication from the
date of the first prescription during the observation
period to the end of the observation period. Oversup-
plies at the end of the observation period were excluded.
For patients receiving multiple antihypertensive medica-
tion, an overall PDC was obtained by averaging PDCs
across each class of antihypertensive. PDCs exceeding 1,
which indicate oversupplies of medication, were recoded
to 1. PDC was rescaled to range from 0 to 100 to aide
interpretation of regression results.

Confounders

Other factors which may also influence adherence in-
cluding demographics (i.e. age, gender, education), pri-
vate health insurance, beliefs about medicines, health
behaviours (smoking), comorbidities, and medication
history were recorded at baseline interview [3]. Age was
dichotomised as 65—69 years and 70+ years to reflect age
categories for the GMS eligibility income thresholds. In
addition to public insurance all Irish patients can pur-
chase private health insurance, which is used to pay for
private care in hospitals or from private health profes-
sional practices [27], and is a general indicator of higher
socioeconomic status. The concerns and necessity-beliefs
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subscales of the Beliefs about Medicines Questionnaire
(BMQ-Specific) were completed at baseline. According to
the Necessity-Concerns Framework (NCF), patients are
more likely to take their medication if they have stronger
medication necessity beliefs and fewer medication con-
cerns [28]. Higher scores on the BMQ-Concerns indicate
greater concerns regarding antihypertensive medication;
higher scores on the BMQ-Necessity indicate stronger be-
liefs in the necessity of antihypertensive medication. Mul-
timorbidity was measured as a count of self-reported
comorbid conditions, in addition to hypertension [29].
History of heart attack, angina and stroke, were consid-
ered important covariates, as adherence to treatment of
hypertension for secondary prevention may be higher in
these groups [30]. The patient’s medication regimen com-
plexity, which may also influence adherence [31-33], was
assessed via a number of variables which were determined
at baseline from dispensing records, including the use of
multi-dose units packaging (MDUs), the number of regu-
lar medicines, the class and number of specific antihyper-
tensive medication, and the dosing frequency. The
number of regular medications will also determine the
monthly cost of medication and influence perceived
medication-related financial burden, as GMS patients paid
€2.50 per each item dispensed to a maximum of €25 per
month. Additionally marital status was included as the
monthly payment ceiling is applied per couple.

Statistical analyses

Descriptive statistics for the study sample are pre-
sented according to medication-related financial bur-
den, and associations evaluated using Pearson’s x>
for categorical and binary variables, and ¢-tests for
continuous variables. Separate multivariate linear re-
gression models were used to evaluate the associ-
ation between medication-related financial burden
and adherence (MMAS-8 and PDC), adjusting for
confounders described previously. Standard errors
were adjusted in regression models using the
Sandwich-estimator, due to potential for dependency
of observations at the pharmacy-level. Statistical
modelling was performed using Stata version 14
(StataCorp College Station, Texas, USA).

Results

Participants

At baseline, 1564 patients agreed to participate and
completed the baseline structured telephone inter-
view. Applying the exclusion criteria, approximately
half of participants (1 =145) under 70years and 81%
(n=1007) of those 70years and older were enrolled
in the GMS, leaving a final sample of 1152 GMS par-
ticipants (Fig. 1). The mean age of this sample was
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774 (SD 6.0) years, 44.5% were men and on average
participants were taking antihypertensive medication
for 11.3 (SD 9.2) years.

Medication-related financial burden

Almost one third of GMS participants, 30.1% (n=
345), reported that they completely or mostly agreed
that they were financially burdened by out of pocket
medication costs. Table 2 outlines associations be-
tween baseline participant characteristics and
medication-related financial burden. Participants that
reported perceived medication-related financial bur-
den were more likely to have lower education attain-
ment, to lack private health insurance, to have had
cardio- or cerebrovascular disease (angina, stroke), to
have a higher number of co-morbidities, to use more
medication, to have a higher daily dose frequency of
antihypertensive medication, and to have higher con-
cerns about their antihypertensive medication.

Adherence

At 12-months, participants were re-contacted and 789
GMS patients (68%) agreed to the follow-up interview.
Complete MMAS-8 scores were available for 784 partic-
ipants and mean self-reported adherence was 7.2 (SD
1.1). Using the defined MMAS-8 cut-offs [34], 51.5% of
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participants reported high adherence (score =38), 36.2%
reported medium adherence (score=6<8) and 12.2%
reported low adherence (score < 6). PDC was calculated
from linked dispensing records for 573 participants. Dis-
pensing records were missing for 155 participants and a
further 61 participants who reported attending other
pharmacies were excluded, as medication dispensed else-
where was not captured. Mean refill antihypertensive ad-
herence for the 12-month follow-up period was 0.94 (SD
0.11), with 9.1% (n=52) categorised as non-adherent
using the 0.8 (80%) threshold [23, 35].

Association between financial-burden and adherence
Table 3 details the estimates from separate linear regression
models for the association between medication-related fi-
nancial burden and medication adherence, adjusting for co-
variates including socio-demographics, multimorbidity,
medication use, and medication beliefs. GMS participants
with medication-related financial burden at baseline had
statistically significant lower self-reported adherence (5 = -
0.29, 95% CI -0.48 to — 0.11), corresponding to an adjusted
mean difference of 3.6%. Similarly financially-burdened par-
ticipants had lower PDC (5 = - 2.76, 95% CI -5.65 to 0.14)
at 12 months follow-up, however this was not statistically
significant.

Invited to participate

(n=2,231)

Refused (n=639)
Ineligible (n=28) (<65 years, no AHT meds)

Completed Baseline Interview

(n=1,152)

Non-GMS (n=412)

No consent to re-contact (n=13)
Loss of GMS status (n=111)

Lost to follow-up (n=239)

12 Months
_—y

(n=789)

Completed Follow-up Interview

|

Analysis v

e Deceased (n=23)
e Nursing home (n=7)

e Refused (n=120)

e Non-Contactable (n=89)

o MMAS-8 (n=784)

e PDC (n=573)

Fig. 1 Flow diagram detailing number of patients recruited, numbers excluded from current study, and total number included in current analysis
J
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Table 2 Summary of sample characteristics by medication financial burden (n=1152)
Socio-Demographics Financial Burden Financial Burden p

Yes (n = 345) No (n=803)
Age < 70 years, % (n) 86.6 (46) 879 (97)
70+ years, % (n) 134 (298) 12.1 (705) 0.549
Male, % (n) 46.1 (159) 44.1 (354) 0.532
Education attainment

Primary, % (n) 46.3 (156) 31.0 (234)

Secondary, % (n) 374 (126) 456 (345)

Third-level, % (n) 16.3 (55) 234 (177) <0.001
Marital Status

Married/Partner, % (n) 56.8 (193) 60.0 (467)

Single/Divorced/Widowed, % (n) 426 (147) 389 (312) 0319
Private Health Insurance: % (n) 31.4 (105) 478 (371) <0.001
Medical History

Current Smoker, % (n) 105 (36) 7.5 (60) 0.098

Heart Attack, % (n) 16.3 (56) 13.5 (108) 0210

Angina, % (n) 189 (65) 12.1(97) 0.002

Stroke, % (n) 5.8 (20) 2419 0.003

No. of comorbidities, mean (SD) 2.87 (1.8 229 (1.5 <0.001
Medication History

No. of regular medicines, mean (SD) 7.1 (3.9 6.1 (3.7) <0.001

Medication repackaged in MDU, % (n) 13.3 (46) 12.1(97) 0.555

Years on AHT medication, mean (SD) 11.2 (87) 114 (94) 0.795

AHT Dosing Frequency, mean (SD) 1.16 (0.39) 1.08 (0.26) 0.001

AHT Defined Daily Dose, mean (SD) 2.62 (1.96) 2.60 (2.09) 0.882

Angiotensin acting agents, % (n) 75.1 (256) 754 (596) 0.895

Alpha-blockers, % (n) 6.5 (22) 56 (44) 0.561

Beta-blockers, % (n) 525 (179) 47.1 (372) 0.095

Calcium Channel Blockers, % (n) 455 (155) 42.8 (338) 0406

Diuretics, % (n) 26.7 (91) 32.2 (254) 0.067

BMQ-Specific Concerns, mean (SD) 2.28 (0.63) 2.17 (0.59) 0.004

BMQ-Specific Necessity, mean (SD) 3.72 (0.63) 3.67 (0.70) 0.226

AHT = antihypertensive, BMQ = beliefs about medication questionnaire, MDU = multi-dose units. n may be smaller due to missing data across variables (n): financial
burden (4), age (2), education (55), marital status (29), private health insurance (37), smoking history (8), medical history (1), length of time on AHT medication
(137), medication history (17), BMQ-Specific concerns (40), BMQ-Specific necessity (35)

Participant attrition

For the MMAS-8 analysis, participants lost to follow-up
were more likely to have higher education attainment
(¥*(2) =16.0, p<0.001), however attrition was not re-
lated to medication-related financial burden nor baseline
MMAS-8 scores. For the PDC analysis, the majority of
missing dispensing records at follow-up were related to
study logistics, resulting from the absence of a pharmacy
intern at the pharmacy of recruitment to link dispensing
records at 12-month follow-up (,\;(1) =70.6, p<0.001).
Compared to participants included in the PDC analysis,
those excluded were less likely to report
medication-related financial burden ()(2(1) =39, p=

0.047), to have higher education attainment ()(2(2) =20.8,
p<0.001), to report fewer co-morbidities (#(1149) = —
3.09, p =0.002), to use fewer regular medication (£(1133)
=-6.47, p<0.001), and to have lower antihypertensive
refill-adherence at baseline (£(1005) = - 5.10, p < 0.001).

Discussion

Principal findings

In this prospective cohort study, almost one third of
publically insured older community dwelling antihyper-
tensive users perceived that they were financially bur-
dened by the GMS medication co-payment policy.
Medication-related financial burden had a subsequent
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Table 3 Separate multivariate linear regression models estimating the association between medication-related financial burden and
self-reported and medication-refill adherence, adjusting for covariates

Model 1 - MMAS-8 Model 2 - PDC
B 95% Cl p B 95% Cl p
Financial Burden -0.29 -048 - -0.11 0.002 -2.76 -565-0.14 0.062
Age -0.15 -046-0.16 0.341 1.28 -1.74 - 431 0401
Male -0.19 -036--003 0.019 -0.68 -3.14-178 0.585
Education
Secondary —-0.06 -023-012 0513 -1.02 -3.70 - 1.65 0.449
Third-Level 0.02 -022-026 0.872 —2.94 -7.38-1.50 0.191
Marital Status
Single/Divorced/Widow -0.07 -025-0Mm 0421 0.17 -1.86-220 0.866
Private Health Insurance 0.01 -0.15-0.17 0.896 142 -0.79 - 364 0.205
Current Smoker -0.25 -0.56 - 0.07 0.123 —-1.84 —648 - 2.80 0432
Heart Attack -0.18 -0.44 - 0.08 0.169 1.06 -1.99 - 411 0492
Angina 0.09 -0.19-037 0532 0.06 -212-224 0.958
Stroke 0.15 -033-064 0530 -0.39 —7.50 - 571 0.789
No. of comorbidities -0.05 -0.12-001 0.123 0.07 -057-072 0.829
No. of regular medicines 0.04 0.01-0.07 0.007 0.53 0.17-0.89 0.005
Use of MDUs -032 —-063 - -0.01 0.041 -0.14 -297 - 268 0.920
AHT Dosing Frequency 0.07 -0.09-023 0397 -0.68 -320-184 0.594
AHT WHO-DDD 0.02 -0.03 - 0.06 0451 0.01 -045 - 047 0.975
Angiotensin acting agents -0.01 -0.24-022 0.955 -045 —346 - 2.55 0.764
Alpha-blockers -0.17 -0.60 - 0.25 0418 -0.40 -4.04 - 324 0.828
Beta-blockers -0.07 -026-0.12 0451 113 -097-323 0.287
Calcium Channel Blockers -0.01 —-0.18-0.15 0.868 0.52 —-1.80 - 2.84 0.657
Diuretics 0.01 -0.16-0.17 0.945 -0.98 -325-130 0.396
BMQ-Specific Concerns -0.12 —-0.25 - 0.005 0.059 -0.72 —-238-093 0388
BMQ-Specific Necessity 0.14 0.021-0.27 0.022 —-0.05 -138-127 0.936

AHT = antihypertensive, BMQ = beliefs about medication questionnaire, MDU = multi-dose units. Standard errors were adjusted using the Sandwich-Estimator due
to potential clustering effect at the pharmacy level. Model 1 (n = 653) and Model 2 (n=481); n is smaller due to missing data across covariates

Permission to use the MMAS scales is required. Reproduction and distribution of the MMAS is protected by US copyright laws. A license agreement to use the
scale is available from: Donald E. Morisky, ScD, ScM, MSPH, Professor, Department of Community Health Sciences, UCLA School of Public Health, 650 Charles E.

Young Drive South, Los Angeles, CA 90095-1772, dmorisky@gmail.com.

negative impact on self-reported antihypertensive adher-
ence at 12 months, although the decrease in refill adher-
ence at 12 months was not statistically significant.

Findings in the context of previous literature

The cost of medication has been long-established to be a
financial barrier to adherence [3, 4], with systematic re-
views identifying direct prescription cost-sharing and
co-payment policies to have a negative effect on adher-
ence to medication [2, 6]. The introduction of the
co-payment to the GMS scheme in Ireland led to a 5%
decrease in antihypertensive adherence, and when the
co-payment was further increased, subsequent decreases
in adherence, albeit of smaller magnitude, were also ob-
served [11, 12]. This finding was however limited due to
the potential socioeconomic variability within the GMS

population resulting from varying eligibility income
thresholds. As a result of the variability, the negative im-
pact to adherence for those on lower incomes may have
been underestimated [14]. We found a third of older an-
tihypertensive users perceive to be financially burdened
by the cost of the GMS co-payment. Medication-related
financial burden was also associated with a number of
indicators of lower socio-economic status including
lower education attainment, lower proportion of private
health insurance, higher levels of co-morbidity including
chronic diseases such as angina and stroke. Those who
reported medication-related financial burden at baseline
subsequently reported 3.6% lower adherence at 12
months. This is an indicator that for those on lower in-
come, the co-payment has had a greater impact on ad-
herence than the previously published estimates [11, 12].



Dillon et al. BMC Public Health (2018) 18:1282

Similarly, refill adherence was 2.8% lower in participants
reporting financial burden, however this was not statisti-
cally significant.

Poorer adherence to antihypertensive medication is asso-
ciated with a higher risk of adverse health outcomes, such
as stroke [10, 36—38]. It has been estimated that improving
adherence by 15% may reduce the hazard of stroke by 8—
9% [38]. In addition to known health inequalities [17, 18],
patients financially-burdened by the co-payment may thus
be at further increased risk of stroke due to lower antihy-
pertensive adherence. Budgetary savings achieved by these
co-payments may ultimately be offset by longer-term
healthcare costs [16, 39, 40]. For example long-term aver-
age cost of care following stroke is estimated between
€4300 - €35,600, depending on stroke severity [41]. Alter-
native policy approaches to patient co-payments should be
considered by the Irish government, such as those based on
ability to pay and disease severity [42]. Prior to the intro-
duction of the current co-payment system, the Economic
and Social Research Institute (ESRI) in Ireland, suggested a
graduated co-payment system based on ability to pay (e.g.
income) and severity of disease (e.g. primary or secondary
prevention of CVD) [42]. Alternatively, a value-based
healthcare approach could be considered, whereby patients
are not required to contribute a co-payment towards treat-
ments of known cost-effectiveness, yet a reduction in
third-party payer costs is maintained for non-essential
medication [1, 43].

Strengths and limitations
There are number of strengths to this study including
the recruitment of community-dwelling older people
from a nationally representative sample of pharmacies in
Ireland, although this non-probabilistic ~sampling
method may have introduced selection bias. However,
consecutive sampling provides structure and additional
rigour, ensuring all potential participants can be en-
rolled, and will produce a more representative sample of
the target population than convenience sampling. For
the MMAS-8 analysis, participants with higher educa-
tion attainment were more likely to be lost to follow-up,
however attrition was largely related to the study logis-
tics, whereby an intern was not present to facilitate
follow-up in a number of pharmacies. Nevertheless, at-
trition was not related to baseline self-report adherence
or perceived financial burden and is unlikely to have
biased estimates for this analysis. However for the PDC
analysis there was differential attrition, with participants
missing PDC measurements at follow-up less likely to
report financial burden, and to have lower PDC at base-
line which may have biased associations.

Further strengths include the prospective evaluation
between exposure and outcomes, with exposure mea-
sured prior to outcomes. However, there are some
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limitations to measurement of these wvariables.
Self-reported adherence may be subject to recall bias
and social desirability bias resulting in overestimation of
adherence [44]. Similarly, as we have previously reported
PDC may overestimate adherence in this publically in-
sured population due to the complexity of reimburse-
ment processes, and the presence of workflow
procedures to manage MDU repackaging [45, 46]. Al-
though lower PDC was observed at 12 months in the
financially burdened group, the non-significant statis-
tical finding may result as an attenuation of the effect
size due to over-estimation of refill adherence, differ-
ential attrition and the smaller sample size for this
analysis. Furthermore, the PDC variable was highly
left-skewed, resulting from  overestimation of
refill-adherence, and post-regression diagnostics re-
vealed violation of the assumption of the normality of
residuals. Additional limitations include the use of a
single item to assess medication-related financial bur-
den. However, this item was drawn from a psycho-
metrically validated adherence questionnaire, which
includes two further items regarding perceived medi-
cation necessity and concerns [19, 20]. Although an
altered response scale was employed, the scoring
method for this item was not altered, which results in
a binary variable. Dichotomisation of variables, how-
ever, may result in loss of statistical information, re-
ducing study power. A sensitivity analysis treating
medication-related financial burden as a continuous
variable based on the original Likert-type responses,
obtained similar results (Additional file 1). However,
caution must be used when treating Likert-type re-
sponses as continuous variables, as the distance be-
tween each step on the Likert response scale may not
infer the same meaning to the respondent. Finally, re-
sidual confounding may remain although a number of
theoretical factors, which may also influence both
medication-related financial burden and adherence
were controlled for, including medication beliefs using
the BMQ-Specific, education attainment and private
health insurance as a proxy indicator of socioeconomic
status, marital status and the number of regular monthly
medication which affect the monthly-ceiling for out of
pocket costs for medication.

The generalisability of these findings may also be lim-
ited; this cohort consisted of hypertensive adults 65 years
and over — the association between medication-related
financial burden and adherence may differ for younger
GMS patients but also for other long-term illnesses.
However this should not diminish the importance of
these findings; hypertension is a highly prevalent condi-
tion which increases with age [47] and is a leading cause
of cardiovascular disease, the largest cause of morbidity
and mortality globally [48, 49]. In Ireland cardiovascular



Dillon et al. BMC Public Health (2018) 18:1282

disease is the most common cause of mortality [50], with
approximately two-thirds of adults over 50 years develop-
ing hypertension and fewer than a third achieving optimal
blood pressure control [51]. Lower antihypertensive ad-
herence is associated with poorer cardiovascular outcomes
for patients and longer-term healthcare costs [16]. How-
ever, further research confirming these findings using an
objective method to evaluate adherence and examining
medication-related financial burden for other medication
classes (e.g. statins) is warranted.

Conclusion

In conclusion we found that a co-payment of €2.50 rep-
resents a financial barrier to antihypertensive adherence
for a third of a publically insured population. The intro-
duction of the GMS co-payment policy is likely to have
had a larger impact on medication adherence for GMS
patients financially burdened by the co-payment cost.
Reductions in adherence to essential medications such
as antihypertensive medication can lead to poorer health
outcomes and short-term savings achieved from the
co-payment may potentially be offset by longer-term
higher healthcare costs [16]. Since 2018 the co-payment
has been reduced to €2.00, however alternative policies
which exempt medication such as antihypertensive from
this charge should be considered [43]. Further research
on the impact of the co-payment policy has had on pa-
tient outcomes and long-term healthcare costs is
warranted.

Additional file

Additional file 1: Sensitivity analysis using continuous exposure
variable. (DOCX 19 kb)

Abbreviations

AHT: Antihypertensive medication; BMQ: Beliefs about Medication
Questionnaire; GMS: General Medical Scheme; MDU: Multidose unit; MMAS-
8: 8-item Morisky Medication Adherence Scale; PDC: Proportion of Days
Covered

Acknowledgements

We would like to acknowledge the Pharmaceutical Society of Ireland, for
whom the Royal College of Surgeons in Ireland manages the National
Pharmacy Internship Programme. We also thank all Pharmacists who
contributed to and facilitated the undertaking of this study.

Permission to use the MMAS scales is required. Reproduction and
distribution of the MMAS is protected by US copyright laws. A license
agreement to use the scale is available from: Donald E. Morisky, ScD, ScM,
MSPH, Professor, Department of Community Health Sciences, UCLA School
of Public Health, 650 Charles E. Young Drive South, Los Angeles, CA 90095-
1772, dmorisky@gmail.com.

Funding
There is no funding to declare.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Page 8 of 9

Authors’ contributions

PD, SS, PG, GC were involved in the conception and design of the study. PD
and GC undertook the acquisition, and analysis of the work. PD, SS, PG, GC
interpreted the data. PD, SS, PG, GC drafted the manuscript. PD, SS, PG, GC
revised the manuscript and gave final approval of the version to be
published. PD, SS, PG, GC agree to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

Ethics approval and consent to participate

Ethical approval for this study was granted by the Research and Ethics
Committee at the Royal College of Surgeons in Ireland. Written informed
consent was provided by participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'School of Pharmacy, RCSI, St. Stephen’s Green, Dublin 2, Ireland. 2Primary
Care Medicine, Department of General Practice and HRB Centre for Primary
Care Research, RCSI, St. Stephen’s Green, Dublin 2, Ireland.

Received: 5 April 2018 Accepted: 8 November 2018
Published online: 20 November 2018

References

1. Drummond M, Towse A. Is it time to reconsider the role of patient co-
payments for pharmaceuticals in Europe? Eur J Health Econ. 2012;13(1):1-5.

2. Luiza VL, Chaves LA, Silva RM, Emmerick IC, Chaves GC, Fonseca de Araujo
SC, Moraes EL, Oxman AD. Pharmaceutical policies: effects of cap and co-
payment on rational use of medicines. Cochrane Database Syst Rev. 2015;5:
CD007017.

3. Sabate E. Adherence to long-term therapies - evidence for action. Geneva:
World Health Organisation; 2003.

4. Gellad WF, Grenard JL, Marcum ZA. A systematic review of barriers to
medication adherence in the elderly: looking beyond cost and regimen
complexity. Am J Geriatr Pharmacother. 2011,9(1):11-23.

5. Austvoll-Dahigren A, Aaserud M, Vist G, Ramsay C, Oxman AD, Sturm H,
Kosters JP, Vernby A. Pharmaceutical policies: effects of cap and co-payment
on rational drug use. Cochrane Database Syst Rev. 2008;(1):CD007017.

6. Sinnott SJ, Buckley C, O'Riordan D, Bradley C, Whelton H. The effect of
copayments for prescriptions on adherence to prescription medicines in
publicly insured populations; a systematic review and meta-analysis. PLoS
One. 2013,8(5):64914.

7. Barry M, Usher C, Tilson L. Public drug expenditure in the Republic of
Ireland. Expert Rev Pharmacoecon outcomes Res. 2010;10(3):239-45.

8. Hynd A, Roughead EE, Preen DB, Glover J, Bulsara M, Semmens J. The
impact of co-payment increases on dispensings of government-subsidised
medicines in Australia. Pharmacoepidemiol Drug Saf. 2008;17(11):1091-9.

9. Halpern MT, Khan ZM, Schmier JK, Burnier M, Caro JJ, Cramer J, Daley WL,
Gurwitz J, Hollenberg NK. Recommendations for evaluating compliance and
persistence with hypertension therapy using retrospective data.
Hypertension. 2006;47(6):1039-48.

10.  Chowdhury R, Khan H, Heydon E, Shroufi A, Fahimi S, Moore C, Stricker B,
Mendis S, Hofman A, Mant J, et al. Adherence to cardiovascular therapy: a
meta-analysis of prevalence and clinical consequences. Eur Heart J. 2013;34(38):
2940-8.

11, Sinnott SJ, Normand C, Byrne S, Woods N, Whelton H. Copayments for
prescription medicines on a public health insurance scheme in Ireland.
Pharmacoepidemiol Drug Saf. 2016,25(6):695-704.

12. Sinnott SJ, Whelton H, Franklin JM, Polinski JM. The international
generalisability of evidence for health policy: A cross country comparison of
medication adherence following policy change. Health policy (Amsterdam,
Netherlands). 2017;121(1):27-34.


https://doi.org/10.1186/s12889-018-6209-8

Dillon et al. BMC Public Health

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

(2018) 18:1282

Medical Cards. http//www.citizensinformation.ie/en/health/entitlement_to_
health_services/medical_card.html.

Lexchin J, Grootendorst P. Effects of prescription drug user fees on drug
and health services use and on health status in vulnerable populations: a
systematic review of the evidence. Int J Health Serv. 2004;34(1):101-22.
Adams AS, Soumerai SB, Ross-Degnan D. The case for a medicare drug
coverage benefit: a critical review of the empirical evidence. Annu Rev Public
Health. 2001,22:49-61.

Cherry SB, Benner JS, Hussein MA, Tang SS, Nichol MB. The clinical and
economic burden of nonadherence with antihypertensive and lipid-
lowering therapy in hypertensive patients. Value Health. 2009;12(4):489-97.
Balanda KP, Barron S, Fahy L, Mclaughlin A. Making chronic conditions
count: hypertension, stroke, coronary heart disease, Diabetes. A systematic
approach to estimating and forecasting population on the island of Ireland.
Dublin: Institute of Public Health Ireland; 2010.

Layte R, Nolan A, Nolan B. Poor prescriptions: poverty and access to
community health services. Dublin: Combat Poverty Agency; 2007.
McHorney CA. The adherence estimator: a brief, proximal screener for
patient propensity to adhere to prescription medications for chronic
disease. Curr Med Res Opin. 2009;25(1):215-38.

McHorney CA, Victor Spain C, Alexander CM, Simmons J. Validity of the
adherence estimator in the prediction of 9-month persistence with
medications prescribed for chronic diseases: a prospective analysis of data
from pharmacy claims. Clin Ther. 2009;31(11):2584-607.

Morisky DE, Ang A, Krousel-Wood M, Ward HJ. Predictive validity of a
medication adherence measure in an outpatient setting. Journal of clinical
hypertension (Greenwich, Conn). 2008;10(5):348-54.

Morisky DE, DiMatteo MR. Improving the measurement of self-reported
medication nonadherence: response to authors. J Clin Epidemiol. 2011;64(3):
255-7 discussion 258-263.

Sattler EL, Lee JS, Perri M 3rd. Aedication (re)fill adherence measures derived
from pharmacy claims data in older Americans: a review of the literature.
Drugs Aging. 2013;30(6):383-99.

Bond CA, Monson R. Sustained improvement in drug documentation,
compliance, and disease control. A four-year analysis of an ambulatory care
model. Arch Intern Med. 1984;144(6):1159-62.

Krousel-Wood M, Holt E, Joyce C, Ruiz R, Dornelles A, Webber LS, Morisky DE,
Frohlich ED, Re RN, He J, et al. Differences in cardiovascular disease risk when
antihypertensive medication adherence is assessed by pharmacy fill versus self-
report: the cohort study of medication adherence among older adults
(CoSMO). J Hypertens. 2015;33(2):412-20.

Bramley TJ, Gerbino PP, Nightengale BS, Frech-Tamas F. Relationship of blood
pressure control to adherence with antihypertensive monotherapy in 13
managed care organizations. J Manag Care Pharm. 2006;12(3):239-45.

Private health insurance. http://www.citizensinformation.ie/en/health/
health_system/private_health_insurance.html.

Horne R, Weinman J, Hankins M. The beliefs about medicines questionnaire:
the development and evaluation of a new method for assessing the cognitive
representation of medication. Psychol Health. 1999,14(1):1-24.

Huntley AL, Johnson R, Purdy S, Valderas JM, Salisbury C. Measures of
multimorbidity and morbidity burden for use in primary care and
community settings: a systematic review and guide. Ann Fam Med.
2012;10(2):134-41.

Chapman RH, Benner JS, Petrilla AA, Tierce JC, Collins SR, Battleman DS,
Schwartz JS. Predictors of adherence with antihypertensive and lipid-lowering
therapy. Arch Intern Med. 2005;165(10):1147-52.

Ingersoll KS, Cohen J. The impact of medication regimen factors on adherence
to chronic treatment: a review of literature. J Behav Med. 2008;31(3):213-24.
Kronish IM, Woodward M, Sergie Z, Ogedegbe G, Falzon L, Mann DM. Meta-
analysis: impact of drug class on adherence to antihypertensives. Circulation.
2011;123(15):1611-21.

Zedler BK, Kakad P, Colilla S, Murrelle L, Shah NR. Does packaging with a
calendar feature improve adherence to self-administered medication for long-
term use? A systematic review. Clin Ther. 2011;33(1):62-73.

Krousel-Wood M, Islam T, Webber LS, Re RN, Morisky DE, Muntner P. New
medication adherence scale versus pharmacy fill rates in seniors with
hypertension. Am J Manag Care. 2009;15(1):59-66.

Andrade SE, Kahler KH, Frech F, Chan KA. Methods for evaluation of
medication adherence and persistence using automated databases.
Pharmacoepidemiol Drug Saf. 2006;15(8):565-74.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

Page 9 of 9

Lee HJ, Jang S, Park E-C. Effect of adherence to antihypertensive medication
on stroke incidence in patients with hypertension: a population-based
retrospective cohort study. BMJ Open. 2017;7(6):e014486.

Herttua K, Tabdk AG, Martikainen P, Vahtera J, Kiviméki M. Adherence to
antihypertensive therapy prior to the first presentation of stroke in
hypertensive adults: population-based study. Eur Heart J. 2013;34(38):2933-9.
Bailey JE, Wan JY, Tang J, Ghani MA, Cushman WC. Antihypertensive
medication adherence, ambulatory visits, and risk of stroke and death. J Gen
Intern Med. 2010;25(6):495-503.

Tamblyn R, Laprise R, Hanley JA, Abrahamowicz M, Scott S, Mayo N, Hurley
J, Grad R, Latimer E, Perreault R, et al. Adverse events associated with
prescription drug cost-sharing among poor and elderly persons. Jama. 2001;
285(4):421-9.

Hsu J, Price M, Huang J, Brand R, Fung V, Hui R, Fireman B, Newhouse JP,
Selby JV. Unintended consequences of caps on Medicare drug benefits. N
Engl J Med. 2006;354(22):2349-59.

HIQA. Health technology assessment of a national screening programme
for atrial fibrillation in primary care. Dublin: Health Information and Quality
Authority; 2015.

Ruane F. Report of the expert group on resource allocation and financing in
the health sector. In: Edited by Department of Health and Children (Ireland).
Dublin: Government Publications; 2010.

Gibson TB, Maclean RJ, Chernew ME, Fendrick AM, Baigel C. Value-based
insurance design: benefits beyond cost and utilization. Am J Manag Care. 2015;
21(1):32-5.

Garfield S, Clifford S, Eliasson L, Barber N, Willson A. Suitability of measures of
self-reported medication adherence for routine clinical use: a systematic
review. BMC Med Res Methodol. 2011;11(1):1-9.

Dillon P, Stewart D, Smith SM, Gallagher P, Cousins G. Group-based
trajectory models: assessing adherence to antihypertensive medication in
older adults in a community pharmacy setting. Clin Pharmacol Ther. 2018;
103(6):1052-60.

Dillon P, Phillips LA, Gallagher P, Smith SM, Stewart D, Cousins G. Assessing the
Multidimensional Relationship Between Medication Beliefs and Adherence in
Older Adults With Hypertension Using Polynomial Regression. Ann Behav Med.
2018,52(2):146-56 kax016-kax016.

Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global burden
of hypertension: analysis of worldwide data. Lancet. 2005,365(9455)217-23.

Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S, Murray CJ. Selected major
risk factors and global and regional burden of disease. Lancet. 2002;
360(9343):1347-60.

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, Amann M,
Anderson HR, Andrews KG, Aryee M, et al. A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk factor
clusters in 21 regions, 1990-2010: a systematic analysis for the global
burden of disease study 2010. Lancet. 2012;380(9859):2224-60.

Townsend N, Wilson L, Bhatnagar P, Wickramasinghe K, Rayner M, Nichols
M. Cardiovascular disease in Europe: epidemiological update 2016. Eur Heart
J.2016;37(42):3232-45.

Mosca |, Bhuachalla BN, Kenny RA. Explaining significant differences in
subjective and objective measures of cardiovascular health: evidence for the
socioeconomic gradient in a population-based study. BMC Cardiovasc
Disord. 2013;13:64.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.citizensinformation.ie/en/health/entitlement_to_health_services/medical_card.html
http://www.citizensinformation.ie/en/health/entitlement_to_health_services/medical_card.html
http://www.citizensinformation.ie/en/health/health_system/private_health_insurance.html
http://www.citizensinformation.ie/en/health/health_system/private_health_insurance.html

	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Background
	Methods
	Study setting, participants and design
	Inclusion and exclusion criteria
	Exposure
	Outcome
	Confounders
	Statistical analyses

	Results
	Participants
	Medication-related financial burden
	Adherence
	Association between financial-burden and adherence
	Participant attrition

	Discussion
	Principal findings
	Findings in the context of previous literature
	Strengths and limitations

	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

