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Abstract

Primary medication non-adherence describes the situation when a first prescription for a new medication is never filled.
Primary non-adherence is an important, yet understudied aspect of reduced effectiveness of pharmacotherapy. This review
summarizes the frequency, impact, reasons, predictors, and interventions regarding primary non-adherence to cardiovascu-
lar/cardiometabolic drugs. The current literature reveals a high prevalence of primary non-adherence. The individual risk
of primary non-adherence is determined on multiple factors, e.g., primary non-adherence of lipid-lowering drugs is higher
compared to antihypertensive medications. However, the overall rate of primary non-adherence is > 10%. Additionally, this
review identifies specific areas for research to better understand why patients forgo evidence-based beneficial pharmaco-
therapy and to explore targeted interventions. At the same time, measures to reduce primary non-adherence—once proven

to be effective—may represent an important new opportunity to reduce cardiovascular diseases.
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Introduction

Cardiovascular diseases (CVD) remain the leading cause
of death globally [1]. Pharmacological treatments can sub-
stantially reduce CVD morbidity and mortality. However,
the effectiveness of these interventions is limited in cases of
medication non-adherence and early discontinuation (non-
persistence). Moreover in an aging population, polyphar-
macy is a growing problem in the elderly with 50% of adults
above the age of 79 years using > 5 chronic medications and
nearly 20% taking > 10 medications, which increases the risk
of adverse drug effects (ADE) and drug—drug interactions
(DDI), and decreases medication adherence [2—4].
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The vast majority of medication adherence research
focuses on identifying factors and outcomes associated with
either issues of implementation (secondary) adherence, i.e.,
whether or not patients refill their prescriptions after the
initial fill and takes the medication as agreed and prescribed,
exploring the quality of the execution and/or non-persistence
[5, 6], i.e., early discontinuation not intended by the pre-
scriber [7, 8].

Primary medication non-adherence describes the situa-
tion when a provider prescribes (or orders) a new medica-
tion for a patient and the order is never filled or dispensed
and the patient does not obtain an appropriate alternative
within an acceptable time. In this scenario, the patient either
never takes the prescription to the pharmacy or does take
or sends the prescription to the pharmacy, but never comes
back to pick up the medication. Furthermore, initiation can
be divided into patients having a new prescription that is
not followed by dispensing versus prescribed and dispensed
medication that is not followed by commencement of treat-
ment (Fig. 1) [8-11].

Advances in technology, including electronic prescrib-
ing and the development of electronic medical records, have
facilitated more rigorous population-based studies of pri-
mary non-adherence [12, 13]. As an important limitation,
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Fig. 1 Conceptualization of medication adherence (modified according to [8—10]). Rx prescription

these methodologies are not able to measure whether a new
medication is handed out by a pharmacist to the patient, but
the drug is not taken by the patient.

Specific measures to reduce primary non-adherence may
have a potential impact on atherosclerotic cardiovascular dis-
eases (ASCVD). A comprehensive review of the frequency,
impact, reasons, predictors, and interventions regarding
primary non-adherence to cardiovascular/cardiometabolic
drugs is absent. Therefore, this paper aims to close this gap.

Methods

We searched the bibliographic databases MEDLINE (via
PubMed) and EMBASE (via Ovid) from their inception
to 16th March 2023, using the terms “primary medication
adherence”, “primary medication compliance”, “primary
medication non-adherence”, “primary medication nonad-
herence”, “primary medication non-compliance, “primary
adherence”, “primary compliance”, “primary non-adher-
ence”, “primary nonadherence”, “primary non-compliance”,
“baseline adherence”, “baseline compliance”, “baseline non-
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adherence”, “baseline non-compliance”, “initial adherence”,

CLINT3 CLIT3

“initial compliance”, “initial non-adherence”, “initial nonad-
herence”, “initial non-compliance”, “initial medication non-
adherence” or “initial medication nonadherence” without
language restrictions. We further searched ClinicalTrials.
gov for completed studies (no further restrictions) using the
terms “primary OR initial medication adherence AND car-
diovascular diseases”.

The search identified 204 articles, 49 in MEDLINE and
155 in EMBASE, and 430 registered studies in Clinical-
Trials.gov. Titles and abstracts were screened for suitability
regarding all types of cardiovascular/cardiometabolic drugs
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including lipid-lowering medication, anticoagulants, and
hypoglycemics. Descriptions of the methodology used to
measure primary non-adherence, articles on study design,
short summaries, editorials, conference abstracts, and let-
ters addressed to the editor were excluded. The search was
supplemented by a hand search of the reference lists of all
selected full-text articles. After removing duplicates, 39 pri-
mary studies and two meta-analyses [14, 15] were identified.

Descriptive statistical analysis and graphical illustration
of the location and spread of estimates of primary non-
adherence using boxplots were performed using IBM SPSS
28.

Results

The overall prevalence of primary medication non-adher-
ence is high. By conservative estimation, the rate is> 10%
[6, 13-40].

A meta-analysis published in 2018 included 24 studies.
The pooled primary non-adherence rate for the four chronic
disease medications, antihypertensives, lipid-lowering
drugs, hypoglycemics, and antidepressants, was 14.6% (95%
confidence interval [CI] 13.1-16.2%). Among these medica-
tion classes, primary non-adherence was highest for lipid-
lowering medications: 20.8% (95% CI 16.0-25.6%) [14].

A systematic review and meta-analysis published in
2019 included 5 randomized controlled trials (RCT), 26
cohort, and 2 cross-sectional studies (n =539,156). 31 stud-
ies (n=519,971) were used for the meta-analysis [15]. The
prevalence of primary non-adherence was 17% (95% CI
15-20%). Pooled rates were highest in osteoporosis (25%,
95% CI 7-44%) and dyslipidemia (25%, 95% CI 18-32%),
and lowest in diabetes mellitus (10%, 95% CI 7-12%) [15].
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Fischer et al. analyzed 195,930 e-prescriptions of 75,589
patients treated by 1,217 prescribers in the first year of a
community-based e-prescribing initiative in the USA. Of
82,245 e-prescriptions for new medications, 72% were filled.
In multivariate analyses, medication class was the strongest
predictor of adherence. Primary non-adherence was com-
mon for newly prescribed medications treating chronic con-
ditions such as hypertension (28.4%), dyslipidemia (28.2%),
and diabetes (31.4%) [13].

The overall rate of primary non-adherence among Dan-
ish residents in a GP setting was 9.3% with 4.7% for drugs
addressing cardiovascular diseases. Polypharmacy (> 5
chronic drugs) and a diagnosis of ischemic heart disease
were associated with higher rates of primary non-adherence.
Older age and higher income were significantly associated
with lower rates of primary non-adherence [19].

In a US health system cohort of 5146 patients newly
prescribed a glucagon-like peptide-1 receptor agonist
(GLP-1-RA) or a sodium—glucose co-transporter-2 inhibi-
tor (SGLT2i), the overall incidence of 30-day primary non-
adherence was 31.8%. This incidence rate was 29.8% and
33.6% among those initiating a GLP-1-RA and SGLT?2i,
respectively. Age > 65 years (aOR 1.37,95% CI 1.09-1.72),
Black race vs. White (aOR 1.29), diabetic nephropathy (aOR
1.31), and hyperlipidemia (aOR 1.18) were associated with
a higher odds of primary non-adherence. Female sex (aOR
0.86), peripheral artery disease (aOR 0.73), and having the
index prescription ordered by an endocrinologist vs a pri-
mary care provider (aOR 0.76) were associated with lower
odds of primary non-adherence [41].

A recent study in the Netherlands included 65,877 sub-
jects who received 181,939 new drug prescriptions issued
by general practitioners. Overall, primary non-adherence
was 11.5%. Within drug classes that are frequently used in
primary care, primary non-adherence was 9.9%. Primary
non-adherence was lowest for thyroid hormones (5.5%),
8.3% for cardiovascular drugs, and highest for nonsteroi-
dal anti-inflammatory drugs (11.8%) and 12.8% for proton
pump inhibitors. Several factors were associated with pri-
mary non-adherence, such as having comorbidities (OR
1.46, 95% CI 1.37-1.56 for> 3 active diagnoses, compared
to no active diagnoses) or reimbursement status (OR 2.78,
95% CI 2.65-2.92 for not reimbursed drugs compared to
fully reimbursed drugs) [18].

A study in Canada aimed to determine adherence to
thienopyridine therapy after stent implantation, factors
associated with suboptimal adherence, and association of
suboptimal adherence with mortality. They evaluated 5263
older patients (> 65 years) who received drug-eluting stents
(DES) and 6081 older patients who received bare metal
stents (BMS). Primary non-adherence was observed among
6.9% in the DES group and 7.1% in the BMS group that did
not fill a single prescription of a thienopyridine within 1 year

of stent implantation. Premature discontinuation occurred in
a progressive manner, with 28% in the DES group and 34%
in the BMS group discontinuing therapy by 6 months. For
DES patients, primary non-adherence (hazard ratio [HR]
2.68,95% CI 1.77-4.07), 12 months proportion of days cov-
ered <80% (HR 2.39, 95% CI 1.67-3.43), and prematurely
discontinuing therapy within 6 months (HR 2.64, 95% CI
1.60-4.35) were associated with an increased risk of death
[42].

Overall, 10-11% of patients with nonvalvular atrial fibril-
lation are primarily non-adherent to initially prescribed oral
anticoagulants [43, 44]. In a study in Spain, direct oral anti-
coagulant (DOAC) patients showed threefold higher odds of
primary non-adherence compared with vitamin K antago-
nist (VKA, acenocoumarol in particular) patients. Primary
non-adherence varied between DOACS, ranging from 5% for
apixaban to 16% for rivaroxaban [43].

A recent study followed 12,257 DOAC patients. Of these,
10.4% were initially non-adherent; 12.8% for apixaban,
8.6% for dabigatran, and 10.8% for rivaroxaban. Patients
aged > 80 years showed lower odds of primary non-adher-
ence compared to those aged < 65 years. A history of dia-
betes, hypertension, or stroke/transient ichemic attack was
inversely associated with primary non-adherence [44].

Despite emphasis on efforts to prevent cardiovascular dis-
ease (CVD), 13-39% of people never fill a prescribed statin
[45-48]. In a study, patients with primary non-adherence
to statin medications (n =173) completed a self-adminis-
tered cross-sectional survey that assessed their attitudes and
beliefs related to primary non-adherence and to potential
motivators for statin use [46]. Ninety-nine patients (57.2%)
never filled their prescription, and 74 (42.8%) filled but
never took any statin. Over half failed to initially inform
their prescriber they might not take the statin. Patients
expressed desire for alternate treatment plans such as diet
and/or exercise (77.4%) or natural remedies/dietary sup-
plements (72.3%). 56.6% of the patients worried about the
possibility of statin dependence or addiction. 15.6% of the
patients noted that they would not take a statin based solely
on CVD risk estimates, and hence for primary prevention
[46].

Although proprotein convertase subtilisin/kexin type 9
inhibitors (PCSK9i) were approved in 2015, their high cost
has led to prescription restrictions or even prior authoriza-
tion practices and use of PCSK9i in clinical practice has
been low [49, 50]. Of patients receiving a prescription in
the USA 2015/16, 47.2% ever received approval. Of those
approved, 65.3% filled the prescription, resulting in 30.9% of
those prescribed PCSK9i ever receiving therapy [49].

Table 1 summarizes the identified studies regarding
primary non-adherence to cardiovascular/cardiometabolic
drugs.
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Considering the variability of studies (and their results)
regarding different healthcare systems (e.g., countries or
insurance plans with high vs. minor out-of-pocket drug
costs), data sources, length of follow-up, and the impact of
duplicate prescriptions, one can debate the precision of the
estimates presented and their generalizability across thera-
peutic classes and patient populations.

However, it is apparent that the overall primary non-
adherence rate is> 10% [14, 15]. We found a median of
10.9% (IQR 5.7-19.9%) and a somewhat lower rate for the
entire ATC Group C (cardiovascular system) with a median
of 7% (IQR 5.2-12.8%), based, however, on four publica-
tions only. Primary non-adherence rates for lipid-lowering
drugs (mainly statins) and hypoglycemics are estimated
higher with medians of 12.5% (IQR 7.0-19.2%) and 11.9%
(IQR 4.6-15.0%), respectively (Table 2 and Fig. 2).

Reasons for and predictors of primary
non-adherence

Reasons for primary non-adherence are likely diverse,
spanning economic, social, and medical dimensions [75].
They include drug costs or high co-payments and fear of
side effects [15, 28, 46, 47, 56, 62, 63, 68, 73, 76, 77]. For
statins, a misbalance between perceived risks, poor accept-
ance/understanding of CVD risk estimates, and doubts about
the benefits of statins are key [45-48, 60].

Similarly, the predictors of primary non-adherence are
diverse and only partially understood. Several authors dis-
cuss younger age, high number of comorbidities, polyphar-
macy, low income, or lack of social support [14-16, 18, 19,
28, 43, 69, 72, 78-80]. In addition, discharge to a nursing
home [53] and asymptomatic conditions, [71] such as hyper-
cholesterolemia [47, 48, 81, 82], compared to symptomatic
diseases, e.g., anxiety, depression, infection [71, 83], long
distance to a pharmacy [84], or paper compared to electronic
prescriptions [43, 85], have been described to be associated
with the risk of primary non-adherence.

Consequences of primary non-adherence

We were unable to identify studies that quantitate the effect
of primary non-adherence for long-term cardiovascular/
cardiometabolic medication intake and for studies that cor-
relate primary non-adherence with clinical events. The lack
of published data on the clinical consequences of primary
non-adherence identifies an urgent need for future research.

Interventions to reduce primary non-adherence

An RCT tested an automated outreach program to increase
primary non-adherence to statins. Adult members of a health
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plan with no history of statin use within the past year who
did not fill a statin prescription after 1-2 weeks were pas-
sively enrolled. The intervention group (n =2606) received
automated telephone calls, followed 1 week later by letters
for continued non-adherence. The control group (n=2610)
received no outreach. Statins were dispensed to 42.3% of
intervention and 26.0% of control participants (p <0.001).
Differences in the frequency of statin dispensations persisted
up to 1 year (p <0.001) [52].

In contrast, in a population of patients who had not
picked up new prescriptions (asthma, hypertension, diabe-
tes, or hyperlipidemia) after three calls from the pharmacy,
additional nurse-directed outreach did not improve primary
non-adherence [54]. In another US-health system study,
automated reminder calls had no effect on primary non-
adherence. However, live calls from pharmacists decreased
antihypertensive primary non-adherence significantly; the
difference in abandoned prescriptions for antihypertensives
was 6.9% (p <0.0001), but only 1.4% for antihyperlipidem-
ics (p>0.1) [86].

Addressing long-term adherence rather than primary
non-adherence only, a study found that the length of initial
prescription for elderly patients after coronary angiography
at hospital discharge was associated with long-term adher-
ence. The strength of the association was consistent for
each cardiovascular secondary prevention medication, i.e.,
angiotensin-converting enzyme inhibitor (ACEi)/angioten-
sin receptor blocker (ARB), beta blocker, and statin, even
after adjusting for relevant clinical and sociodemographic
factors. Most prescriptions at discharge covered less than
1 month. This may be based on a clinical assumption that
short prescriptions encourage patients to attend early out-
patient follow-up. Although early follow-up is essential to
assess the patient and to address medication side effects, the
vast majority of patients did have follow-up within 1 month,
regardless of prescription length [87].

Observational studies suggest that post-myocardial
infarction (MI) patients receiving longer initial prescrip-
tions have greater long-term adherence to cardiovascular
medications [88]. The first, non-randomized interventional
study to evaluate an intervention to standardize discharge
prescriptions to prolonged duration to improve long-term
medication adherence among post-MI patients, however,
failed to meet its primary outcome. This was probably due
to limited intervention fidelity, particularly at the pharmacy
level [89]. Although a 5.4% absolute increase in long-term
medication adherence after 12 months post-implementation
in the standardized prolonged discharge prescription forms
plus education group was observed, this absolute difference
was not statistically significant. The authors recommended
that a similar intervention be implemented and evaluated
in a larger population with fully electronic medical records
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Table 1 Estimates of primary non-adherence to cardiovascular/cardiometabolic drugs ([14, 15], supplemented)
First author, year, study location Medication class Duration of follow-up Primary non-adherence (%)  95% CI
Aznar-Lou et al. 2017, Spain [16] Overall 1 month 17.6 (single dispensing: 53.6)
Antihypertensives (ACEi) 7.5 (single dispensing: 17.9)  7.3-7.7
Lipid-lowering drugs (statins) 8.8 (single dispensing: 10.9) 8.6-9.0
Hypoglycemics (insulins) 13.2 (single dispensing: 13.2) 12.5-14.0
Casebeer et al. 2009, USA [51] Lipid-lowering drugs 4 months 43.2 39.9-46.4
Chan et al. 2004, Canada [14] Antihypertensives 60 months 335 31.3-35.8
Lipid-lowering drugs 71.0 68.8-73.1
Charlton et al. 2021, Spain [44] DOAC:s Variable according to treat-  10.4
ment episode; at least
1 month
Apixaban 12.8
Dabigatran 8.6
Rivaroxaban 10.8
Cheetham et al. 2013, USA [6] Lipid-lowering drugs (statins) 3 months 154 14.9-15.9
Comer et al. 2015, USA [35] Antihypertensives 21 months 34.0
Derose et al. 2013, USA [52] Lipid-lowering drugs (statins) 3 months 18.4 17.4-19.5
Fallis et al. 2013, Canada [53] Miscellaneous (ACE;i, beta 1 month after discharge 24.0
blockers, statins, ...)
Fernandez et al. 2017, USA [29] Hypoglycemics 2 months 4.6
Fischer et al. 2010, USA [13] Antihypertensives 12 months 19.5 19.0-19.9
Lipid-lowering drugs 19.9 19.2-20.6
Hypoglycemics 21.9 20.8-23.0
Fischer et al. 2015, USA [54] Antihypertensives 0.5 months 3.3 2.6-4.2
Hypoglycemics 6.4 4.0-9.5
Hempenius et al. 2023, The Nether-  Overall 1 month 11.3
lands [18] ATC Group C 8.3 7.8-8.7
Antihypertensives 6.9 6.4-74
Statins 72 6.2-8.2
Jackevicius et al. 2008, Canada [55]  Antihypertensives 1 month 6.4 5.8-7.1
Lipid-lowering drugs 52 3.7-7.0
Hypoglycemics 13.7 8.6-20.4
Jackson et al. 2014, USA [56] Antihypertensives 12 months 11.3
Lipid-lowering drugs 12.4
Hypoglycemics 12.9
Kardas et al. 2020, Poland [28] Overall 1 month 20.8
ATC Group C 17.2
Diuretics 18.6
Beta blockers 17.1
CCB 18.0
ACEi 15.1
ARB 17.2
Statins 17.5
Atorvastatin 18.9
Simvastatin 14.3
Rosuvastatin 17.5
DOAC:s 20.2
Dabigatran 29.3
Rivaroxaban 16.6
VKA 15.7
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Table 1 (continued)

First author, year, study location Medication class Duration of follow-up Primary non-adherence (%)  95% CI
Karter et al. 2009, USA [57] Antihypertensives 6 months 32
Lipid-lowering drugs 8.5
Hypoglycemics 4.0
Karter et al. 2018, USA [58] Antihypertensives 2 months 32 2.9-35
Lipid-lowering drugs 8.5 7.8-9.2
Hypoglycemics 4.0 3.64.5
Kerner et al. 2017, USA [59] Antihypertensives 1 month 222 2.8-60.0
Ko et al. 2009, Canada [42] Thienopyridines 12 months 7.0
Lee et al. 2016, USA [60] Lipid-lowering drugs 3 months 10.4
Leguelinel-Blache et al. 2015, France Antihypertensives 8 months 4.5
[61] Lipid-lowering drugs 14
Hypoglycemics 1.9
Liberman et al. 2010, USA [62] Lipid-lowering drugs 2 months 34.0
Linnet et al. 2013, Iceland [63] Overall 1 month 6.2
Antihypertensives 7.2-9.9
Hypoglycemics 7.7-9.8
Lyles et al. 2016, USA [64] Antihypertensives 6 months Combined: 6.0
Lipid-lowering drugs
Hypoglycemics
Luo et al. 2022, USA [41] GLP-1-RA 1 month 29.8
SGLT2i 33.6
McHorney et al. 2011, USA [65] Antihypertensives 24 months (est.) 2.0
Lipid-lowering drugs 4.9
Hypoglycemics 1.8
Navar et al. 2017, USA [49] Lipid-lowering drugs (PCSK9i) 12 months 34.7
O’Connor et al. 2014, USA [66] Overall 2 months 13.3 11.9-14.7
Anthypertensives 17.0
Lipid-lowering drugs 18.1
Hypoglycemics 12.4
Pottegard et al. 2014, Denmark [19]  ATC Group C 4 months 4.7
ACEi 33
ARB 2.5
Statins 6.2
Hypoglycemics 4.0
Raebel et al. 2012, USA [67] Antihypertensives 1 month 7.0 6.3-7.8
Lipid-lowering drugs 12.6 11.6-13.6
Hypoglycemics 11.3 9.8-13.0
Rodriguez-Bernal et al. 2018, Spain  OAC Not reported 5.6 (VKA 4.3; DOACs 10.8)
[43] Acenocoumarol 42 3.9-45
Warfarin 10.9 7.1-16.6
Apixaban 5.0 3.0-8.3
Dabigatran 7.9 6.9-9.2
Rivaroxaban 15.5 13.8-17.4
Shah et al. 2009, USA [68] Hypoglycemics 1 month 15.0 13.0-17.2
Shah et al. 2009, USA [69] Antihypertensives 1 month 17.1 15.8-18.5
Shin et al. 2012, USA [70] Antihypertensives 3 months 7.8 7.5-8.0
Lipid-lowering drugs 22.3 21.8-22.9
Hypoglycemics 12.6 12.0-13.1
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Table 1 (continued)
First author, year, study location Medication class Duration of follow-up Primary non-adherence (%)  95% CI
Singer et al. 2022, Canada [71] Antihypertensives 3 months 30.3
Lipid-lowering drugs 15.2
Hypoglycemics 21.2
Tamblyn et al. 2014, Canada [72] Hypoglycemics 9 months 29.1 26.3-32.1
Thengilsdottir et al. 2015, Iceland Statins 1 year 6.3 52-73
(73]
Trinacty et al. 2009, USA [74] Hypoglycemics 1 month 10.0 8.7-11.5
Vilaplana-Carnerero et al. 2020, ACEi 3 months 5.7 (single dispensing: 18.4)
Spain [17] Antiplatelets 9.1
Statins 6.7 (single dispensing: 10.6)
Insulins 7.8

ACEi angiotensin-converting enzyme inhibitors, ARB angiotensin receptor blockers, ATC Group C Anatomical Therapeutic Chemical classifica-
tion system-Cardiovascular System, CCB calcium channel blockers, DOAC direct oral anticoagulants, est. estimated, GLP-1-RA glucagon-like
peptide-1 receptor agonists, OAC oral anticoagulants, PCSK9i proprotein convertase subtilisin/kexin type 9 inhibitors, SGLT2i sodium—glucose

co-transporter-2 inhibitors, VKA vitamin K antagonists

Table 2 Descriptive statistical

X X Medication class
analysis of estimates of

Primary non-adherence (%)

primary non-adherence to Minimum 25th percentile Median (Q,) 75th percentile Maximum
cardiovascular/cardiometabolic Q) (03)
drugs
Overall* 14 5.7 10.9 19.9 71.0
ATC Group C° 47 52 7.0 12.8 17.2
Antihypertensives® 2.0 5.1 7.7 18.3 34.0
Lipid-lowering drugs? 1.4 7.0 12.5 19.2 71.0
(mainly statins)
Hypoglycemics® 1.8 4.6 11.9 15.0 33.6

ATC Group C Anatomical Therapeutic Chemical classification system-Cardiovascular System
46, 13-19, 28, 29, 35, 41-44, 49, 51-74]

b[17-19, 28]

°[13-18, 35, 54-59, 61, 63-67, 69-71]
dr6, 13-19, 28, 49, 51, 52, 55-58, 6062, 64—67, 70, 71, 73]
°[13-16, 19, 29, 54-58, 61, 63-68, 70-72, 74]

coupled with policies to support the long-term dispensation
of medications at the community pharmacy level [89].

Randomized studies testing the effects of more compre-
hensive interventions to reduce primary non-adherence are
scarce. A rare example is the study of a complex multidisci-
plinary intervention involving patients in the decision-mak-
ing process to improve primary non-adherence to cardiovas-
cular disease and diabetes treatment in primary care patients
(IMA-cRCT) [90, 91]. Results of the pilot phase identified
opportunities for refining the intervention and improving the
design of a planned cluster RCT to evaluate the effectiveness
and cost-effectiveness of the intervention [92].

Discussion

Many patients do not fill their initial prescription for a car-
diovascular/cardiometabolic medicine. At least one in ten
newly prescribed medications do not make their way to the
hands of the patients. Since ‘drugs can’t work if patients
don’t receive them’ [42, 55, 60], primary non-adherence
is a major healthcare problem. In addition to the nega-
tive impact on individual health, primary non-adherence
is associated with a higher economic burden to the system
in the short term, mainly due to higher productivity losses
[93].

Most studies (62%) assessed primary non-adherence
by following up (electronic) prescriptions for a 3-month
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Fig.2 Boxplots of estimates
of primary non-adherence to
cardiovascular/cardiometa-
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duration or less. A sensitivity analysis of different dura-
tions (90 and 365 days) for defining primary non-adher-
ence showed similar results to those when 30 days were
applied [18].

Pottegard et al. found that 65.2% of the patients redeemed
their prescription for a new drug on the same date that the
prescription was issued and that 89.3% of the patients
redeemed their prescription by day 30. Most of the patients
filled their prescriptions within the 1st week. In another
study analyzing new medication orders, 75% of new pre-
scriptions were filled within 7 days and 81% within 30 days
[33].

Prescriptions at the expense of the German Statutory
Health Insurance (SHI) system (insuring approximately
88% of the total population—that is, 73.3 million people)
are valid for 28 days after the date of issue. Private prescrip-
tions are usually valid for 3 months after the date of issue.

96% of SHI prescriptions issued at hospital discharge in
Germany between 2018 and 2021 were redeemed within
three working days. However, these were mainly drugs
indicated for a short period after discharge, e.g., analgesics/
antiphlogistics, heparins, proton pump inhibitors, or anti-
infectives. Long-term medications such as ramipril, bisopro-
lol, apixaban, or atorvastatin were prescribed less frequently
at discharge (own unpublished data).

The review of the literature reveals a very heterogene-
ous set of data. For example, some of the observed pri-
mary non-adherence may reflect a wait-and-see approach
[5]. A patient with a first prescription for a statin and bor-
derline LDL-cholesterol level and atherosclerotic risk may
first seek to control LDL-cholesterol by dietary changes
and increased exercise leading to weight loss, eventually.
Another reason for primary non-adherence to chronic
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medications is starting a new treatment (‘another pill’)
is a long-term, sometimes lifelong commitment. Patients
need understanding of the nature of the medical problem
as well as the pros and cons of (not) treating it with the
most effective and safe medication selected. When out-of-
pocket costs are considerable or health insurance is absent
at all, financial consequences play a major role in primary
non-adherence [5, 14, 15, 58].

Primary non-adherence varied across therapeutic areas,
drug classes, treatment duration, and individual drugs. One
may expect lower primary non-adherence rates for condi-
tions that present symptomatically (e.g., pain, anxiety,
depression) or require short-term treatment (e.g., bacterial
infections) compared to asymptomatic conditions with life-
long treatment indication (e.g., primary prevention of CVD).
In fact, in one study, primary non-adherence ranged from
13.7% (antidepressants) to 17.5% (antibiotics) compared
to 21.2% (hypoglycemics) to 30.3% (antihypertensives) for
medications related to asymptomatic conditions [71].

Pottegard et al. found a lower primary non-adherence rate
for p-lactam antibiotics (3.2%) and tramadol (5.2%), but not
for nonsteroidal anti-inflammatory drugs (NSAIDs, 9.1%)
[19]. Hempenius et al. found the highest primary non-adher-
ence rates, defined as not having a prescription dispensed
within 30 days from the prescription date, for proton pump
inhibitors (12.8%) and NSAIDs (11.8%) compared to 8.3%
for cardiovascular drugs [18].

Aznar-Lou et al. found an overall primary non-adherence
rate of 17.6%. The rate was less for penicillins (9.8%), but
higher for propionic acid derivatives (21.2%, such as ibupro-
fen) or anilides (22.6%, such as paracetamol) [16]. In a study
in Poland, primary non-adherence was 20.8% overall, 17.2%
for cardiovascular drugs and 14.3% for antibiotics [28].
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One may conclude that not all new medications for symp-
tomatic conditions are comparably acceptable to patients.
Compared to anti-infectives, new prescriptions for pain med-
ications (analgesics, NSAIDs) may be less likely to be filled.

Clinicians may have good reason to assume that after a
confirmed diagnosis (e.g., for heart failure, hypertension,
ASCVD), primary intervention (e.g., percutaneous coronary
intervention (PCI)), or clinical event (MI, stroke) in a shared
decision environment, the patient follows the agreed treat-
ment plan. Often, the treatment starts with the initial pre-
scription and obtaining the new medication at the pharmacy.

We are unaware of prospective studies comparing pri-
mary non-adherence in primary vs. secondary prevention of
CVD. Moreover, the precise indication is rarely available in
electronic prescription/dispensing records and, hence, typi-
cally not reported in the publications included in our review.
Lipid-lowering medications (mainly statins) when compared
to other cardiovascular drug classes had, however, the high-
est rate of primary non-adherence. A plausible explanation
is that statins are often used for primary prevention. Stud-
ies show that primary prevention, among others, is a risk
factor for secondary non-adherence (implementation and
discontinuation, Fig. 1) to statins (rate ratio 1.52, 95% CI:
1.50-1.53) [94].

Similarly, the reported primary non-adherence to PCSK9i
prescribed for patients with high risk for ASCVD is high
[49]. In addition, approximately 7% primary non-adherence
to thienopyridine therapy after stent implantation is concern-
ing [42].

One problem is that primary non-adherence frequently
goes undetected. The International Classification of Diseases
(ICD) code Z91.1: “Patient’s noncompliance with medical
treatment and regimen” is rarely used.

A potential reason is that clinicians are frequently una-
ware of the extent or consequences of non-adherence. In
addition, complex factors surrounding medication non-
adherence make it a challenge for the healthcare profes-
sional to identify and confirm non-adherence in general and
primary non-adherence in particular [95]. Robust predictors
for non-adherence to prescribed medication are absent and
clinicians usually fail or significantly overestimate adherence
behavior of ‘their’ patients (‘no better than a coin toss’) [96].
Providers recognized non-adherence for less than half of
patients whose pharmacy records indicated significant refill
gaps, and often intensified blood pressure medications even
when suspected serious non-adherence [96, 97].

Hence, unidentified non-adherence may lead to unwar-
ranted intensification of pharmacotherapy [95]. Medical
education and training for screening, diagnosing, or treat-
ing non-adherence is rare [95, 98], but may represent an
important opportunity to improve patient care.

Without access to electronic patient records includ-
ing prescription and dispensing data, detection of primary

non-adherence remains subject to trustful patient—provider
communication [97]. Occasionally, screening of blood
plasma, urine, or saliva for antihypertensives is needed to
confirm the diagnosis ‘(primary) non-adherence’ (and, for
example, ‘resistant’ hypertension) and to justify an interven-
tion such as irreversible renal denervation [99-102].

Future research in different healthcare systems is needed
to better understand why patients forgo evidence-based
beneficial pharmacotherapy from the start and the clinical
consequences of these decisions. We also need to improve
our knowledge of detecting primary non-adherence and the
efficacy and effectiveness of timely follow-ups and (digi-
tal) reminders [5, 103] or community pharmacy-based or
pharmacist-led interventions [54, 61, 104-106]. To our
knowledge, a digital (eHealth) application addressing pri-
mary non-adherence is not available.

Of note, apart from poor medication adherence, thera-
peutic/guideline inertia [107, 108] is independently associ-
ated with persistent poor blood pressure, LDL-cholesterol,
or HbAlc control [109]. Therapeutic inertia may have a
higher impact on disease control compared to medication
adherence [109].

Conclusions

Many patients fail to fill an initial prescription for a medi-
cine. The rate of non-initiation of chronic cardiovascular/
cardiometabolic medication is estimated to be > 10%. The
true prevalence of single dispensation of a new medication
is not extensively studied, but is most likely higher. Research
is needed to better understand why patients forgo evidence-
based beneficial pharmacotherapy and to explore targeted
interventions. At the same time, measures to reduce primary
medication non-adherence—once proven to be effective—
may represent an important new opportunity to reduce car-
diovascular diseases.

Acknowledgements We are thankful to Johanna Werning, graduate
statistician at the German Institute for Drug Use Evaluation (DAPI),
Berlin, for performing the statistical analyses.

Author contributions MS had the idea for the article, performed the
literature search and initially data analysis, and drafted the work. UL
analyzed the data and critically revised the work.

Funding Open access funding was enabled and organized by Projekt
DEAL. This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Data availability Not applicable.

Declarations

Conflict of interest Martin Schulz has received speaker honoraria
and/or consulting fees from BMS, CSL Vifor, Daiichi Sankyo, MSD,

@ Springer



1112

Clinical Research in Cardiology (2024) 113:1103-1116

Novartis, Pfizer, and Sanofi, all outside the submitted work. Ulrich
Laufs has received speaker honoraria and/or consulting fees from Am-
gen, Astra Zeneca, Berlin-Chemie, Daiichi Sankyo, Novartis, Pfizer,
and Sanofi, all outside the submitted work.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. GBD 2017 Causes of Death Collaborators, Roth GA et al (2018)
Global, regional, and national age-sex-specific mortality for 282
causes of death in 195 countries and territories, 1980-2017: a
systematic analysis for the Global Burden of Disease Study 2017.
Lancet 392:1736-1788. https://doi.org/10.1016/S0140-6736(18)
32203-7

2. Kaski JC, Tamargo J, Savarese G (2020) Cardiovascular phar-
macotherapy in older people: challenges posed by cardiovascular
drug prescription in the elderly. Eur Heart J Cardiovasc Pharma-
cother 6:277-279. https://doi.org/10.1093/ehjcvp/pvaa090

3. Tamargo J, Kjeldsen KP, Delpén E, Semb AG, Cerbai E, Dobrev
D, Savarese G, Sulzgruber P, Rosano G, Borghi C, Wassman S,
Torp-Pedersen CT, Agewall S, Drexel H, Baumgartner I, Lewis
B, Ceconi C, Kaski JC, Niessner A (2022) Facing the challenge
of polypharmacy when prescribing for older people with cardio-
vascular disease. A review by the European Society of Cardiol-
ogy Working Group on Cardiovascular Pharmacotherapy. Eur
Heart J Cardiovasc Pharmacother 8:406—419. https://doi.org/10.
1093/ehjcvp/pvac005

4. Lappe V, Dinh TS, Harder S, Brueckle M-S, Fessler J, Mar-
schall U, Muth C, Schubert I (2022) Multimedication guidelines:
assessment of the size of the target group for medication review
and description of the frequency of their potential drug safety
problems with routine data. Pharmacoepidemiology 1:12-25.
https://doi.org/10.3390/pharmal010002

5. Joyce GF (2010) Understanding primary nonadherence. Am J
Pharm Benefits 2:111-118

6. Cheetham TC, Niu F, Green K, Scott RD, Derose SF, Vansom-
phone SS, Shin J, Tunceli K, Reynolds K (2013) Primary nonad-
herence to statin medications in a managed care organization. J
Manag Care Pharm 19:367-373. https://doi.org/10.18553/jmcp.
2013.19.5.367

7. Vrijens B, de Geest S, Hughes DA, Przemyslaw K, Demon-
ceau J, Ruppar T, Dobbels F, Fargher E, Morrison V, Lewek P,
Matyjaszczyk M, Mshelia C, Clyne W, Aronson JK, Urquhart J
(2012) A new taxonomy for describing and defining adherence
to medications. Br J Clin Pharmacol 73:691-705. https://doi.org/
10.1111/5.1365-2125.2012.04167.x

8. de Geest S, Zullig LL, Dunbar-Jacob J, Helmy R, Hughes DA,
Wilson IB, Vrijens B (2018) ESPACOMP medication adherence
reporting guideline (EMERGE). Ann Intern Med 169:30-35.
https://doi.org/10.7326/M18-0543

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kronish IM, Thorpe CT, Voils CI (2021) Measuring the multiple
domains of medication nonadherence: findings from a Delphi
survey of adherence experts. Transl Behav Med 11:104-113.
https://doi.org/10.1093/tbm/ibz133

Bekker CL, Aslani P, Chen TF (2022) The use of medication
adherence guidelines in medication taking behaviour research.
Res Social Adm Pharm 18:2325-2330. https://doi.org/10.1016/j.
sapharm.2021.08.006

Zuckerman AD, DeClercq J, Shah NB, Reynolds VW, Peter ME,
Pavlik AM, Choi L (2022) Primary medication nonadherence
calculation method specifications impact resulting rates. Res Soc
Adm Pharm 18:2478-2483. https://doi.org/10.1016/j.sapharm.
2021.03.016

Solomon MD, Majumdar SR (2010) Primary non-adherence
of medications: lifting the veil on prescription-filling behav-
iors. J Gen Intern Med 25:280-281. https://doi.org/10.1007/
s11606-010-1286-0

Fischer MA, Stedman MR, Lii J, Vogeli C, Shrank WH,
Brookhart MA, Weissman JS (2010) Primary medication
non-adherence: analysis of 195,930 electronic prescrip-
tions. J Gen Intern Med 25:284-290. https://doi.org/10.1007/
s11606-010-1253-9

Lemstra M, Nwankwo C, Bird Y, Moraros J (2018) Primary
nonadherence to chronic disease medications: a meta-analysis.
Patient Prefer Adherence 12:721-731. https://doi.org/10.2147/
PPA.S161151

Cheen MHH, Tan YZ, Oh LF, Wee HL, Thumboo J (2019)
Prevalence of and factors associated with primary medication
non-adherence in chronic disease: a systematic review and meta-
analysis. Int J Clin Pract. https://doi.org/10.1111/ijep.13350
Aznar-Lou I, Fernandez A, Gil-Girbau M, Faj6-Pascual M,
Moreno-Peral P, Pefiarrubia-Maria MT, Serrano-Blanco A,
Sanchez-Niubd A, March-Pujol MA, Jové AM, Rubio-Valera M
(2017) Initial medication non-adherence: prevalence and predic-
tive factors in a cohort of 1.6 million primary care patients. Br
J Clin Pharmacol 83:1328-1340. https://doi.org/10.1111/bcp.
13215

Vilaplana-Carnerero C, Aznar-Lou I, Peflarrubia-Maria MT,
Serrano-Blanco A, Fernandez-Vergel R, Petitbo-Anttinez D,
Gil-Girbau M, March-Pujol M, Mendive JM, Sanchez-Vifias
A, Carbonell-Duacastella C, Rubio-Valera M (2020) Initiation
and single dispensing in cardiovascular and insulin medications:
prevalence and explanatory factors. Int J Environ Res Public
Health. https://doi.org/10.3390/ijerph17103358

Hempenius M, Rijken S, Groenwold RHH, Hek K, de Boer A,
Klungel OH, Gardarsdottir H (2023) Primary nonadherence
to drugs prescribed by general practitioners: a Dutch database
study. BrJ Clin Pharmacol 89:268-278. https://doi.org/10.1111/
bep.15472

Pottegéard A, Christensen Rd, Houji A, Christiansen CB, Paulsen
MS, Thomsen JL, Hallas J (2014) Primary non-adherence in
general practice: a Danish register study. Eur J Clin Pharmacol
70:757-763. https://doi.org/10.1007/s00228-014-1677-y
Harsha N, K6rosi L, Palinkas A, Bird K, Boruzs K, Adény R,
Séandor J, Czifra A (2019) Determinants of primary nonadher-
ence to medications prescribed by general practitioners among
adults in hungary: cross-sectional evaluation of health insurance
data. Front Pharmacol 10:1280. https://doi.org/10.3389/fphar.
2019.01280

Harnett J, Wiederkehr D, Gerber R, Gruben D, Bourret J, Koenig
A (2016) Primary nonadherence, associated clinical outcomes,
and health care resource use among patients with rheumatoid
arthritis prescribed treatment with injectable biologic disease-
modifying antirheumatic drugs. ] Manag Care Spec Pharm
22:209-218. https://doi.org/10.18553/jmcp.2016.22.3.209


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1093/ehjcvp/pvaa090
https://doi.org/10.1093/ehjcvp/pvac005
https://doi.org/10.1093/ehjcvp/pvac005
https://doi.org/10.3390/pharma1010002
https://doi.org/10.18553/jmcp.2013.19.5.367
https://doi.org/10.18553/jmcp.2013.19.5.367
https://doi.org/10.1111/j.1365-2125.2012.04167.x
https://doi.org/10.1111/j.1365-2125.2012.04167.x
https://doi.org/10.7326/M18-0543
https://doi.org/10.1093/tbm/ibz133
https://doi.org/10.1016/j.sapharm.2021.08.006
https://doi.org/10.1016/j.sapharm.2021.08.006
https://doi.org/10.1016/j.sapharm.2021.03.016
https://doi.org/10.1016/j.sapharm.2021.03.016
https://doi.org/10.1007/s11606-010-1286-0
https://doi.org/10.1007/s11606-010-1286-0
https://doi.org/10.1007/s11606-010-1253-9
https://doi.org/10.1007/s11606-010-1253-9
https://doi.org/10.2147/PPA.S161151
https://doi.org/10.2147/PPA.S161151
https://doi.org/10.1111/ijcp.13350
https://doi.org/10.1111/bcp.13215
https://doi.org/10.1111/bcp.13215
https://doi.org/10.3390/ijerph17103358
https://doi.org/10.1111/bcp.15472
https://doi.org/10.1111/bcp.15472
https://doi.org/10.1007/s00228-014-1677-y
https://doi.org/10.3389/fphar.2019.01280
https://doi.org/10.3389/fphar.2019.01280
https://doi.org/10.18553/jmcp.2016.22.3.209

Clinical Research in Cardiology (2024) 113:1103-1116

113

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Adamson AS, Glass DA, Suarez EA (2017) Patient-provider race
and sex concordance and the risk for medication primary nonad-
herence. J] Am Acad Dermatol 76:1193-1195. https://doi.org/10.
1016/j.jaad.2017.01.039

Anderson KL, Dothard EH, Huang KE, Feldman SR (2015)
Frequency of primary nonadherence to acne treatment. JAMA
Dermatol 151:623-626. https://doi.org/10.1001/jamadermatol.
2014.5254

Ax F, Ekedahl A (2010) Electronically transmitted prescriptions
not picked up at pharmacies in Sweden. Res Soc Adm Pharm
6:70-77. https://doi.org/10.1016/j.sapharm.2009.06.003

Cahir C (2020) Primary nonadherence: the forgotten component
of medication adherence? Pol Arch Intern Med 130:1-3. https://
doi.org/10.20452/pamw.15164

da Costa FA, Pedro AR, Teixeira I, Braganga F, da Silva JA,
Cabrita J (2015) Primary non-adherence in Portugal: findings
and implications. Int J Clin Pharm 37:626-635. https://doi.org/
10.1007/s11096-015-0108-1

Zuckerman AD, Shah NB, Perciavalle K, Looney B, Peter ME,
DeClercq J, Moore R, Choi L, Reynolds VW (2022) Primary
medication nonadherence to oral oncology specialty medications.
J Am Pharm Assoc 62:809-816.el. https://doi.org/10.1016/j.japh.
2022.01.005

Kardas P, Cieszynski J, Czech M, Banas I, Lewek P (2020)
Primary nonadherence to medication and its drivers in Poland:
Findings from the electronic prescription pilot analysis. Pol Arch
Intern Med 130:8-16. https://doi.org/10.20452/pamw.14994
Fernandez A, Quan J, Moffet H, Parker MM, Schillinger D,
Karter AJ (2017) Adherence to newly prescribed diabetes medi-
cations among insured Latino and white patients with diabetes.
JAMA Intern Med 177:371-379. https://doi.org/10.1001/jamai
nternmed.2016.8653

Fischer MA, Choudhry NK, Brill G, Avorn J, Schneeweiss S,
Hutchins D, Liberman JN, Brennan TA, Shrank WH (2011)
Trouble getting started: predictors of primary medication non-
adherence. Am J Med 124:1081.e9-22. https://doi.org/10.1016/].
amjmed.2011.05.028

Kan HJ, Dyagilev K, Schulam P, Saria S, Kharrazi H, Body-
combe D, Molta CT, Curtis JR (2018) Factors associated with
physicians’ prescriptions for rheumatoid arthritis drugs not filled
by patients. Arthritis Res Ther 20:79. https://doi.org/10.1186/
s13075-018-1580-5

Martini ND, van der Werf B, Bassett-Clarke D (2020) Primary
medication non-adherence at Counties Manukau Health Emer-
gency Department (CMH-ED), New Zealand: an observational
study. BMJ Open 10:e035775. https://doi.org/10.1136/bmjop
en-2019-035775

Franklin JM, Mahesri M, Krumme AA, Barberio J, Fischer
MA, Brill G, McKay C, Black H, Choudhry NK (2018) Time
to filling of new prescriptions for chronic disease medications
among a cohort of elderly patients in the USA. J Gen Intern Med
33:1877-1884. https://doi.org/10.1007/s11606-018-4592-6
Capoccia K, Odegard PS, Letassy N (2016) Medication adher-
ence with diabetes medication: a systematic review of the lit-
erature. Diabetes Educ 42:34-71. https://doi.org/10.1177/01457
21715619038

Comer D, Couto J, Aguiar R, Wu P, Elliott D (2015) Using aggre-
gated pharmacy claims to identify primary nonadherence. Am J
Manag Care 21:¢655-e660

Lieslehto J, Tiihonen J, Léhteenvuo M, Tanskanen A, Taipale H
(2022) Primary nonadherence to antipsychotic treatment among
persons with schizophrenia. Schizophr Bull 48:655-663. https://
doi.org/10.1093/schbul/sbac014

Richmond NA, Lamel SA, Braun LR, Vivas AC, Cucalon J,
Block SG, Kirsner RS (2014) Primary nonadherence (failure to
obtain prescribed medicines) among dermatology patients. ] Am

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Acad Dermatol 70:201-203. https://doi.org/10.1016/j.jaad.2013.
09.053

Rubin CB, Lipoff JB (2015) Primary nonadherence in acne treat-
ment: the importance of cost consciousness. JAMA Dermatol
151:1144-1145. https://doi.org/10.1001/jamadermatol.2015.
1743

Storm A, Andersen SE, Benfeldt E, Serup J (2008) One in 3
prescriptions are never redeemed: primary nonadherence in an
outpatient clinic. ] Am Acad Dermatol 59:27-33. https://doi.org/
10.1016/j.jaad.2008.03.045

Williams LK, Joseph CL, Peterson EL, Wells K, Wang M,
Chowdhry VK, Walsh M, Campbell J, Rand CS, Apter AJ, Lan-
fear DE, Tunceli K, Pladevall M (2007) Patients with asthma
who do not fill their inhaled corticosteroids: a study of primary
nonadherence. J Allergy Clin Immunol 120:1153-1159. https://
doi.org/10.1016/j.jaci.2007.08.020

Luo J, Feldman R, Rothenberger S, Korytkowski M, Fischer
MA, Gellad WF (2022) Incidence and predictors of primary
nonadherence to sodium glucose co-transporter 2 inhibitors and
glucagon-like peptide 1 agonists in a large integrated healthcare
system. J Gen Intern Med 37:3562-3569. https://doi.org/10.
1007/s11606-021-07331-1

Ko DT, Chiu M, Guo H, Austin PC, Marquis J-F, Tu JV (2009)
Patterns of use of thienopyridine therapy after percutaneous
coronary interventions with drug-eluting stents and bare-metal
stents. Am HeartJ 158:592-598.¢l. https://doi.org/10.1016/j.ahj.
2009.06.030

Rodriguez-Bernal CL, Peir6 S, Hurtado I, Garcia-Sempere A,
Sanfélix-Gimeno G (2018) Primary nonadherence to oral antico-
agulants in patients with atrial fibrillation: real-world data from a
population-based cohort. ] Manag Care Spec Pharm 24:440-448.
https://doi.org/10.18553/jmcp.2018.24.5.440

Charlton A, Vidal X, Sabaté M, Bailarin E, Martinez LML,
Ibafiez L (2021) Factors associated with primary nonadherence
to newly initiated direct oral anticoagulants in patients with non-
valvular atrial fibrillation. ] Manag Care Spec Pharm 27:1210—
1220. https://doi.org/10.18553/jmcp.2021.27.9.1210

Tarn DM, Barrientos M, Pletcher MJ, Cox K, Turner J, Fer-
nandez A, Schwartz JB (2021) Perceptions of patients with pri-
mary nonadherence to statin medications. ] Am Board Fam Med
34:123-131. https://doi.org/10.3122/jabfm.2021.01.200262
Tarn DM, Pletcher MJ, Tosqui R, Fernandez A, Tseng C-H,
Moriconi R, Bell DS, Barrientos M, Turner JA, Schwartz JB
(2021) Primary nonadherence to statin medications: Survey of
patient perspectives. Prev Med Rep 22:101357. https://doi.org/
10.1016/j.pmedr.2021.101357

Harrison TN, Derose SF, Cheetham TC, Chiu V, Vansomphone
SS, Green K, Tunceli K, Scott RD, Marrett E, Reynolds K (2013)
Primary nonadherence to statin therapy: patients’ perceptions.
Am J Manag Care 19:e133-e139

Hill J, Rane P, Patel J, Harrison D, Hines D, Wade R (2017) Fac-
tors associated with primary medication nonadherence in patients
prescribed statins, ezetimibe, or statin 4+ ezetimibe combination
therapy. J Clin Lipidol 11:809-810

Navar AM, Taylor B, Mulder H, Fievitz E, Monda KL, Fievitz
A, Maya JF, Lopez JAG, Peterson ED (2017) Association of
prior authorization and out-of-pocket costs with patient access
to PCSKO inhibitor therapy. JAMA Cardiol 2:1217-1225. https://
doi.org/10.1001/jamacardio.2017.3451

Ray KK, Molemans B, Schoonen WM, Giovas P, Bray S, Kiru
G, Murphy J, Banach M, de Servi S, Gaita D, Gouni-Berthold
I, Hovingh GK, Jozwiak JJ, Jukema JW, Kiss RG, Kownator S,
Iversen HK, Maher V, Masana L, Parkhomenko A, Peeters A,
Clifford P, Raslova K, Siostrzonek P, Romeo S, Tousoulis D,
Vlachopoulos C, Vrablik M, Catapano AL, Poulter NR (2021)
EU-wide cross-sectional observational study of lipid-modifying

@ Springer


https://doi.org/10.1016/j.jaad.2017.01.039
https://doi.org/10.1016/j.jaad.2017.01.039
https://doi.org/10.1001/jamadermatol.2014.5254
https://doi.org/10.1001/jamadermatol.2014.5254
https://doi.org/10.1016/j.sapharm.2009.06.003
https://doi.org/10.20452/pamw.15164
https://doi.org/10.20452/pamw.15164
https://doi.org/10.1007/s11096-015-0108-1
https://doi.org/10.1007/s11096-015-0108-1
https://doi.org/10.1016/j.japh.2022.01.005
https://doi.org/10.1016/j.japh.2022.01.005
https://doi.org/10.20452/pamw.14994
https://doi.org/10.1001/jamainternmed.2016.8653
https://doi.org/10.1001/jamainternmed.2016.8653
https://doi.org/10.1016/j.amjmed.2011.05.028
https://doi.org/10.1016/j.amjmed.2011.05.028
https://doi.org/10.1186/s13075-018-1580-5
https://doi.org/10.1186/s13075-018-1580-5
https://doi.org/10.1136/bmjopen-2019-035775
https://doi.org/10.1136/bmjopen-2019-035775
https://doi.org/10.1007/s11606-018-4592-6
https://doi.org/10.1177/0145721715619038
https://doi.org/10.1177/0145721715619038
https://doi.org/10.1093/schbul/sbac014
https://doi.org/10.1093/schbul/sbac014
https://doi.org/10.1016/j.jaad.2013.09.053
https://doi.org/10.1016/j.jaad.2013.09.053
https://doi.org/10.1001/jamadermatol.2015.1743
https://doi.org/10.1001/jamadermatol.2015.1743
https://doi.org/10.1016/j.jaad.2008.03.045
https://doi.org/10.1016/j.jaad.2008.03.045
https://doi.org/10.1016/j.jaci.2007.08.020
https://doi.org/10.1016/j.jaci.2007.08.020
https://doi.org/10.1007/s11606-021-07331-1
https://doi.org/10.1007/s11606-021-07331-1
https://doi.org/10.1016/j.ahj.2009.06.030
https://doi.org/10.1016/j.ahj.2009.06.030
https://doi.org/10.18553/jmcp.2018.24.5.440
https://doi.org/10.18553/jmcp.2021.27.9.1210
https://doi.org/10.3122/jabfm.2021.01.200262
https://doi.org/10.1016/j.pmedr.2021.101357
https://doi.org/10.1016/j.pmedr.2021.101357
https://doi.org/10.1001/jamacardio.2017.3451
https://doi.org/10.1001/jamacardio.2017.3451

1114

Clinical Research in Cardiology (2024) 113:1103-1116

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

therapy use in secondary and primary care: the DA VINCI study.
Eur J Prev Cardiol 28:1279-1289. https://doi.org/10.1093/eurjpc/
zwaa047

Casebeer L, Huber C, Bennett N, Shillman R, Abdolrasulnia M,
Salinas GD, Zhang S (2009) Improving the physician-patient
cardiovascular risk dialogue to improve statin adherence. BMC
Fam Pract 10:48. https://doi.org/10.1186/1471-2296-10-48
Derose SF, Green K, Marrett E, Tunceli K, Cheetham TC, Chiu
VY, Harrison TN, Reynolds K, Vansomphone SS, Scott RD
(2013) Automated outreach to increase primary adherence to
cholesterol-lowering medications. JAMA Intern Med 173:38-43.
https://doi.org/10.1001/2013.jamainternmed.717

Fallis BA, Dhalla IA, Klemensberg J, Bell CM (2013) Primary
medication non-adherence after discharge from a general internal
medicine service. PLoS ONE 8:¢61735. https://doi.org/10.1371/
journal.pone.0061735

Fischer MA, Jones JB, Wright E, van Loan RP, Xie J, Gallagher
L, Wurst AM, Shrank WH (2015) A randomized telephone
intervention trial to reduce primary medication nonadherence. J
Manag Care Spec Pharm 21:124—131. https://doi.org/10.18553/
jmep.2015.21.2.124

Jackevicius CA, Li P, Tu JV (2008) Prevalence, predictors, and
outcomes of primary nonadherence after acute myocardial infarc-
tion. Circulation 117:1028-1036. https://doi.org/10.1161/CIRCU
LATIONAHA.107.706820

Jackson TH, Bentley JP, McCaffrey DJ, Pace P, Holmes E, West-
Strum D (2014) Store and prescription characteristics associ-
ated with primary medication nonadherence. ] Manag Care Spec
Pharm 20:824-832. https://doi.org/10.18553/jmcp.2014.20.8.824
Karter AJ, Parker MM, Moffet HH, Ahmed AT, Schmittdiel JA,
Selby JV (2009) New prescription medication gaps: a compre-
hensive measure of adherence to new prescriptions. Health Serv
Res 44:1640-1661. https://doi.org/10.1111/j.1475-6773.2009.
00989.x

Karter AJ, Parker MM, Solomon MD, Lyles CR, Adams AS,
Moffet HH, Reed ME (2018) Effect of Out-of-pocket cost on
medication initiation, adherence, and persistence among patients
with type 2 diabetes: the Diabetes Study of Northern California
(DISTANCE). Health Serv Res 53:1227-1247. https://doi.org/
10.1111/1475-6773.12700

Kerner DE, Knezevich EL (2017) Use of communication tool
within electronic medical record to improve primary nonadher-
ence. J] Am Pharm Assoc 57:S270-S273.e2. https://doi.org/10.
1016/j.japh.2017.03.009

Lee JS, Joyce G, McCombs J (2016) Outcomes associated with
primary and secondary nonadherence to cholesterol medications.
Am J Pharm Benefits 8:54-60

Leguelinel-Blache G, Dubois F, Bouvet S, Roux-Marson C,
Arnaud F, Castelli C, Ray V, Kinowski J-M, Sotto A (2015)
Improving patient’s primary medication adherence: the value
of pharmaceutical counseling. Medicine (Baltimore) 94:e1805.
https://doi.org/10.1097/MD.0000000000001805

Liberman JN, Hutchins DS, Popiel RG, Patel MH, Jan SA, Berger
JE (2010) Determinants of primary nonadherence in asthma-con-
troller and dyslipidemia pharmacotherapy. Am J Pharm Benefits
2:111-118

Linnet K, Halldérsson M, Thengilsdéttir G, Einarsson OB,
Jonsson K, Almarsdéttir AB (2013) Primary non-adherence to
prescribed medication in general practice: lack of influence of
moderate increases in patient copayment. Fam Pract 30:69-75.
https://doi.org/10.1093/fampra/cms049

Lyles CR, Seligman HK, Parker MM, Moffet HH, Adler N, Schil-
linger D, Piette JD, Karter AJ (2016) Financial strain and medi-
cation adherence among diabetes patients in an integrated health
care delivery system: the Diabetes Study of Northern California

@ Springer

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

(DISTANCE). Health Serv Res 51:610-624. https://doi.org/10.
1111/1475-6773.12346

McHorney CA, Spain CV (2011) Frequency of and reasons for
medication non-fulfillment and non-persistence among American
adults with chronic disease in 2008. Health Expect 14:307-320.
https://doi.org/10.1111/j.1369-7625.2010.00619.x

O’Connor PJ, Schmittdiel JA, Pathak RD, Harris RI, Newton
KM, Ohnsorg KA, Heisler M, Sterrett AT, Xu S, Dyer WT, Rae-
bel MA, Thomas A, Schroeder EB, Desai JR, Steiner JF (2014)
Randomized trial of telephone outreach to improve medication
adherence and metabolic control in adults with diabetes. Diabetes
Care 37:3317-3324. https://doi.org/10.2337/dc14-0596

Raebel MA, Ellis JL, Carroll NM, Bayliss EA, McGinnis B,
Schroeder EB, Shetterly S, Xu S, Steiner JF (2012) Characteris-
tics of patients with primary non-adherence to medications for
hypertension, diabetes, and lipid disorders. J] Gen Intern Med
27:57-64. https://doi.org/10.1007/s11606-011-1829-z

Shah NR, Hirsch AG, Zacker C, Taylor S, Wood GC, Stewart
WF (2009) Factors associated with first-fill adherence rates
for diabetic medications: a cohort study. J Gen Intern Med
24:233-237. https://doi.org/10.1007/s11606-008-0870-z
Shah NR, Hirsch AG, Zacker C, Wood GC, Schoenthaler A,
Ogedegbe G, Stewart WF (2009) Predictors of first-fill adher-
ence for patients with hypertension. Am J Hypertens 22:392—
396. https://doi.org/10.1038/ajh.2008.367

Shin J, McCombs JS, Sanchez RJ, Udall M, Deminski MC,
Cheetham TC (2012) Primary nonadherence to medications in
an integrated healthcare setting. Am J Manag Care 18:426-434
Singer AG, LaBine L, Katz A, Yogendran M, Lix L (2022) Pri-
mary medication nonadherence in a large primary care popula-
tion: observational study from Manitoba. Can Fam Physician
68:520-527. https://doi.org/10.46747/cfp.6807520

Tamblyn R, Eguale T, Huang A, Winslade N, Doran P (2014)
The incidence and determinants of primary nonadherence with
prescribed medication in primary care: a cohort study. Ann
Intern Med 160:441-450. https://doi.org/10.7326/M13-1705
Thengilsdoéttir G, Pottegard A, Linnet K, Halld6rsson M,
Almarsdéttir AB, Gardarsdéttir H (2015) Do patients initi-
ate therapy? Primary non-adherence to statins and antidepres-
sants in Iceland. Int J Clin Pract 69:597-603. https://doi.org/
10.1111/ijcp.12558

Trinacty CM, Adams AS, Soumerai SB, Zhang F, Meigs JB,
Piette JD, Ross-Degnan D (2009) Racial differences in long-
term adherence to oral antidiabetic drug therapy: a longitudinal
cohort study. BMC Health Serv Res 9:24. https://doi.org/10.
1186/1472-6963-9-24

Lee S-Q, Raamkumar AS, Li J, Cao Y, Witedwittayanusat K,
Chen L, Theng Y-L (2018) Reasons for primary medication non-
adherence: a systematic review and metric analysis. ] Manag
Care Spec Pharm 24:778-794. https://doi.org/10.18553/jmcp.
2018.24.8.778

Aznar-Lou I, Pottegird A, Ferniandez A, Pefiarrubia-Maria MT,
Serrano-Blanco A, Sabés-Figuera R, Gil-Girbau M, Fajo-Pascual
M, Moreno-Peral P, Rubio-Valera M (2018) Effect of copay-
ment policies on initial medication non-adherence according to
income: a population-based study. BMJ Qual Saf 27:878-891.
https://doi.org/10.1136/bmjqs-2017-007416

Gadkari AS, McHorney CA (2010) Medication nonfulfillment
rates and reasons: narrative systematic review. Curr Med Res
Opin 26:683-705. https://doi.org/10.1185/03007990903550586
Pefiarrubia-Maria MT, Gil-Girbau M, Gallardo-Gonzalez MC,
Aznar-Lou I, Serrano-Blanco A, Mendive Arbeloa JM, Garcia-
Cardenas V, Sanchez-Viiias A, Rubio-Valera M (2022) Non-ini-
tiation of prescribed medication from a Spanish health profes-
sionals’ perspective: a qualitative exploration based on grounded


https://doi.org/10.1093/eurjpc/zwaa047
https://doi.org/10.1093/eurjpc/zwaa047
https://doi.org/10.1186/1471-2296-10-48
https://doi.org/10.1001/2013.jamainternmed.717
https://doi.org/10.1371/journal.pone.0061735
https://doi.org/10.1371/journal.pone.0061735
https://doi.org/10.18553/jmcp.2015.21.2.124
https://doi.org/10.18553/jmcp.2015.21.2.124
https://doi.org/10.1161/CIRCULATIONAHA.107.706820
https://doi.org/10.1161/CIRCULATIONAHA.107.706820
https://doi.org/10.18553/jmcp.2014.20.8.824
https://doi.org/10.1111/j.1475-6773.2009.00989.x
https://doi.org/10.1111/j.1475-6773.2009.00989.x
https://doi.org/10.1111/1475-6773.12700
https://doi.org/10.1111/1475-6773.12700
https://doi.org/10.1016/j.japh.2017.03.009
https://doi.org/10.1016/j.japh.2017.03.009
https://doi.org/10.1097/MD.0000000000001805
https://doi.org/10.1093/fampra/cms049
https://doi.org/10.1111/1475-6773.12346
https://doi.org/10.1111/1475-6773.12346
https://doi.org/10.1111/j.1369-7625.2010.00619.x
https://doi.org/10.2337/dc14-0596
https://doi.org/10.1007/s11606-011-1829-z
https://doi.org/10.1007/s11606-008-0870-z
https://doi.org/10.1038/ajh.2008.367
https://doi.org/10.46747/cfp.6807520
https://doi.org/10.7326/M13-1705
https://doi.org/10.1111/ijcp.12558
https://doi.org/10.1111/ijcp.12558
https://doi.org/10.1186/1472-6963-9-24
https://doi.org/10.1186/1472-6963-9-24
https://doi.org/10.18553/jmcp.2018.24.8.778
https://doi.org/10.18553/jmcp.2018.24.8.778
https://doi.org/10.1136/bmjqs-2017-007416
https://doi.org/10.1185/03007990903550586

Clinical Research in Cardiology (2024) 113:1103-1116

1115

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

theory. Health Soc Care Community 30:e213—e221. https://doi.
org/10.1111/hsc.13431

Graversen CB, Valentin JB, Larsen ML, Riahi S, Holmberg T,
Zinckernagel L, Johnsen SP (2022) Perception of pharmacologi-
cal prevention and subsequent non-adherence to medication in
patients with ischaemic heart disease: a population-based cohort
study. BMJ Open 12:e504362. https://doi.org/10.1136/bmjop
en-2021-054362

Gellad WF, Grenard JL, Marcum ZA (2011) A systematic review
of barriers to medication adherence in the elderly: looking
beyond cost and regimen complexity. Am J Geriatr Pharmacother
9:11-23. https://doi.org/10.1016/j.amjopharm.2011.02.004
Young K, Schwartz J, Tarn DM (2020) Perspectives of patients
not filling statin prescriptions for primary prevention. ] Am Geri-
atr Soc Conf Annu Sci Meet Am Geriatr Soc 68:S331-S332.
https://doi.org/10.1111/jgs.16431

Myers J, Zillich A, Jaynes H, Lantaff W, White N, Snyder M,
Davis H (2003) Exploring primary nonadherence in a hospital
medication discharge program. ] Am Pharm Assoc 58:e7—e8.
https://doi.org/10.1016/j.japh.2018.04.004

Freccero C, Sundquist K, Sundquist J, Ji J (2016) Primary adher-
ence to antidepressant prescriptions in primary health care: a
population-based study in Sweden. Scand J Prim Health Care
34:83-88. https://doi.org/10.3109/02813432.2015.1132884
Moo-Young JA, Suarez EA, Adamson AS (2018) Distance to
pharmacy and risk of medication primary nonadherence. Der-
matol Online J. https://doi.org/10.5070/D3242038188
Adamson AS, Suarez EA, Gorman AR (2017) Association
between method of prescribing and primary nonadherence to
dermatologic medication in an urban hospital population. JAMA
Dermatol 153:49-54. https://doi.org/10.1001/jamadermatol.
2016.3491

Fischer MA, Choudhry NK, Bykov K, Brill G, Bopp G, Wurst
AM, Shrank WH (2014) Pharmacy-based interventions to reduce
primary medication nonadherence to cardiovascular medications.
Med Care 52:1050-1054. https://doi.org/10.1097/mlr.00000
00000000247

Ivers NM, Schwalm J-D, Jackevicius CA, Guo H, Tu JV, Natara-
jan M (2013) Length of initial prescription at hospital discharge
and long-term medication adherence for elderly patients with
coronary artery disease: a population-level study. Can J Cardiol
29:1408-1414. https://doi.org/10.1016/j.cjca.2013.04.009
Rymer JA, Fonseca E, Bhandary DD, Kumar D, Khan ND, Wang
TY (2021) Difference in medication adherence between patients
prescribed a 30-day versus 90-day supply after acute myocar-
dial infarction. ] Am Heart Assoc 10:e016215. https://doi.org/
10.1161/JAHA.119.016215

Schwalm JD, Ivers NM, Bouck Z, Taljaard M, Natarajan MK,
Nguyen F, Hijazi W, Thavorn K, Dolovich L, McCready T,
O’Brien E, Grimshaw JM (2022) Length of initial prescription
at hospital discharge and long-term medication adherence for
elderly, post-myocardial infarction patients: a population-based
interrupted time series study. BMC Med 20:213. https://doi.org/
10.1186/512916-022-02401-5

Corral-Partearroyo C, Sdnchez-Vifias A, Gil-Girbau M, Pefar-
rubia-Maria MT, Aznar-Lou I, Gallardo-Gonzalez C, Olmos-
Palenzuela MDC, Rubio-Valera M (2022) Complex multidisci-
plinary intervention to improve Initial Medication Adherence
to cardiovascular disease and diabetes treatments in primary
care (the IMA-cRCT study): mixed-methods process evaluation
protocol. BMJ Open 12:e067468. https://doi.org/10.1136/bmjop
en-2022-067468

Sanchez-Viias A, Corral-Partearroyo C, Gil-Girbau M, Pefiarru-
bia-Maria MT, Gallardo-Gonzalez C, Olmos-Palenzuela M-D-
C, Aznar-Lou I, Serrano-Blanco A, Rubio-Valera M (2022)

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Effectiveness and cost-effectiveness of an intervention to improve
Initial Medication Adherence to treatments for cardiovascular
diseases and diabetes in primary care: study protocol for a prag-
matic cluster randomised controlled trial and economic model
(the IMA-cRCT study). BMC Prim Care 23:170. https://doi.org/
10.1186/s12875-022-01727-6

Corral-Partearroyo C, Sanchez-Vifias A, Gil-Girbau M, Penar-
rubia-Maria MT, Aznar-Lou I, Serrano-Blanco A, Carbonell-
Duacastella C, Gallardo-Gonzélez C, Olmos-Palenzuela MDC,
Rubio-Valera M (2022) Improving Initial Medication Adherence
to cardiovascular disease and diabetes treatments in primary
care: pilot trial of a complex intervention. Front Public Health
10:1038138. https://doi.org/10.3389/fpubh.2022.1038138
Aznar-Lou I, Fernandez A, Gil-Girbau M, Sabés-Figuera R,
Fajo6-Pascual M, Pefarrubia-Maria MT, Serrano-Blanco A,
Moreno-Peral P, Sdnchez-Niubé A, March-Pujol M, Rubio-
Valera M (2017) Impact of initial medication non-adherence on
use of healthcare services and sick leave: a longitudinal study in a
large primary care cohort in Spain. Br J Gen Pract 67:¢614—e622.
https://doi.org/10.3399/bjgp17X692129

Lemstra M, Blackburn D, Crawley A, Fung R (2012) Proportion
and risk indicators of nonadherence to statin therapy: a meta-
analysis. Can J Cardiol 28:574-580. https://doi.org/10.1016/j.
cjca.2012.05.007

Valdenor C, Ganesan D, Paculdo D, Schrecker J, Heltsley R,
Westerfield C, Peabody JW (2022) Clinical variation in the
treatment practices for medication nonadherence, drug-drug
interactions, and recognition of disease progression in patients
with chronic cardiometabolic diseases: a cross-sectional patient
simulation study among primary care physicians. Int J Clin Pract
2022:6450641. https://doi.org/10.1155/2022/6450641
Meddings J, Kerr EA, Heisler M, Hofer TP (2012) Physician
assessments of medication adherence and decisions to intensify
medications for patients with uncontrolled blood pressure: still
no better than a coin toss. BMC Health Serv Res 12:270. https://
doi.org/10.1186/1472-6963-12-270

Wroth TH, Pathman DE (2006) Primary medication adherence in
a rural population: The role of the patient-physician relationship
and satisfaction with care. ] Am Board Fam Med 19:478-486.
https://doi.org/10.3122/jabfm.19.5.478

Marcum ZA, Sevick MA, Handler SM (2013) Medication non-
adherence: a diagnosable and treatable medical condition. JAMA
309:2105-2106. https://doi.org/10.1001/jama.2013.4638

Ewen S, Meyer MR, Cremers B, Laufs U, Helfer AG, Linz D,
Kindermann I, Ukena C, Burnier M, Wagenpfeil S, Maurer HH,
Bohm M, Mahfoud F (2015) Blood pressure reductions following
catheter-based renal denervation are not related to improvements
in adherence to antihypertensive drugs measured by urine/plasma
toxicological analysis. Clin Res Cardiol 104:1097-1105. https://
doi.org/10.1007/s00392-015-0905-5

Linicus Y, Kindermann I, Helfer AG, Meyer MR, Maurer HH,
Mahfoud F, Bohm M (2015) Witnessed drug intake before
planned denervation—always harmless? Int J Cardiol 179:125-
126. https://doi.org/10.1016/j.ijcard.2014.10.162

Lane D, Lawson A, Burns A, Azizi M, Burnier M, Jones DJL,
Kably B, Khunti K, Kreutz R, Patel P, Persu A, Spiering W,
Toennes SW, Tomaszewski M, Williams B, Gupta P, Dasgupta
I (2022) Nonadherence in hypertension: how to develop and
implement chemical adherence testing. Hypertension 79:12-23.
https://doi.org/10.1161/HYPERTENSIONAHA.121.17596
Lauder L, Ewen S, Glasmacher J, Lammert F, Reith W, Schreiber
N, Kaddu-Mulindwa D, Ukena C, B6hm M, Meyer MR, Mah-
foud F (2021) Drug adherence and psychosocial characteristics of
patients presenting with hypertensive urgency at the emergency

@ Springer


https://doi.org/10.1111/hsc.13431
https://doi.org/10.1111/hsc.13431
https://doi.org/10.1136/bmjopen-2021-054362
https://doi.org/10.1136/bmjopen-2021-054362
https://doi.org/10.1016/j.amjopharm.2011.02.004
https://doi.org/10.1111/jgs.16431
https://doi.org/10.1016/j.japh.2018.04.004
https://doi.org/10.3109/02813432.2015.1132884
https://doi.org/10.5070/D3242038188
https://doi.org/10.1001/jamadermatol.2016.3491
https://doi.org/10.1001/jamadermatol.2016.3491
https://doi.org/10.1097/mlr.0000000000000247
https://doi.org/10.1097/mlr.0000000000000247
https://doi.org/10.1016/j.cjca.2013.04.009
https://doi.org/10.1161/JAHA.119.016215
https://doi.org/10.1161/JAHA.119.016215
https://doi.org/10.1186/s12916-022-02401-5
https://doi.org/10.1186/s12916-022-02401-5
https://doi.org/10.1136/bmjopen-2022-067468
https://doi.org/10.1136/bmjopen-2022-067468
https://doi.org/10.1186/s12875-022-01727-6
https://doi.org/10.1186/s12875-022-01727-6
https://doi.org/10.3389/fpubh.2022.1038138
https://doi.org/10.3399/bjgp17X692129
https://doi.org/10.1016/j.cjca.2012.05.007
https://doi.org/10.1016/j.cjca.2012.05.007
https://doi.org/10.1155/2022/6450641
https://doi.org/10.1186/1472-6963-12-270
https://doi.org/10.1186/1472-6963-12-270
https://doi.org/10.3122/jabfm.19.5.478
https://doi.org/10.1001/jama.2013.4638
https://doi.org/10.1007/s00392-015-0905-5
https://doi.org/10.1007/s00392-015-0905-5
https://doi.org/10.1016/j.ijcard.2014.10.162
https://doi.org/10.1161/HYPERTENSIONAHA.121.17596

1116

Clinical Research in Cardiology (2024) 113:1103-1116

103.

104.

105.

106.

department. J] Hypertens 39:1697-1704. https://doi.org/10.1097/
HJH.0000000000002842

Breiholz S, Mammen NG, Krueger K, Schaefer M, Schulz M
(2019) Acceptance of a medication refill reminder service in
German community pharmacy practice. Pharmazie 74:186-190.
https://doi.org/10.1691/ph.2019.8669

Wilson DH, Rein LJ, Fountain M, Brookhart A, Atchley D,
Hohmeier KC (2023) A pilot study exploring the impact of a
primary medication non-adherence intervention among four
chronic disease states in one regional division of a large commu-
nity pharmacy chain. Pharmacy 11:11. https://doi.org/10.3390/
pharmacy11010011

Hackerson ML, Luder HR, Beck AF, Wedig JM, Heaton PC,
Frede SM (2018) Addressing primary nonadherence: a collabora-
tion between a community pharmacy and a large pediatric clinic.
J Am Pharm Assoc 58:S101-S108.e1. https://doi.org/10.1016/j.
japh.2018.04.012

Wooldridge K, Schnipper JL, Goggins K, Dittus RS, Kripalani S
(2016) Refractory primary medication nonadherence: Prevalence

@ Springer

107.

108.

109.

and predictors after pharmacist counseling at hospital discharge.
J Hosp Med 11:48-51. https://doi.org/10.1002/jhm.2446
Mahfoud F, Kieble M, Enners S, Kintscher U, Laufs U, Bohm
M, Schulz M (2023) Use of fixed-dose combination antihyper-
tensives in Germany between 2016 and 2020: an example of
guideline inertia. Clin Res Cardiol 112:197-202. https://doi.org/
10.1007/s00392-022-01993-5

Katzmann JL, Kieble M, Enners S, Bohm M, Mahfoud F, Laufs
U, Schulz M (2022) Trends in ezetimibe prescriptions as mono-
therapy or fixed-dose combination in Germany 2012-2021. Front
Cardiovasc Med 9:912785. https://doi.org/10.3389/fcvm.2022.
912785

Yan X, Mudiganti S, Husby H, Hudnut A, Gbotoe M, Jones
JB (2022) Medication non-adherence and therapeutic inertia
independently contribute to poor disease control for cardio-
metabolic diseases. Sci Rep 12:18936. https://doi.org/10.1038/
s41598-022-21916-8


https://doi.org/10.1097/HJH.0000000000002842
https://doi.org/10.1097/HJH.0000000000002842
https://doi.org/10.1691/ph.2019.8669
https://doi.org/10.3390/pharmacy11010011
https://doi.org/10.3390/pharmacy11010011
https://doi.org/10.1016/j.japh.2018.04.012
https://doi.org/10.1016/j.japh.2018.04.012
https://doi.org/10.1002/jhm.2446
https://doi.org/10.1007/s00392-022-01993-5
https://doi.org/10.1007/s00392-022-01993-5
https://doi.org/10.3389/fcvm.2022.912785
https://doi.org/10.3389/fcvm.2022.912785
https://doi.org/10.1038/s41598-022-21916-8
https://doi.org/10.1038/s41598-022-21916-8

	Not obtaining a medication the first time it is prescribed: primary non-adherence to cardiovascular pharmacotherapy
	Abstract
	Introduction
	Methods
	Results
	Reasons for and predictors of primary non-adherence
	Consequences of primary non-adherence
	Interventions to reduce primary non-adherence

	Discussion
	Conclusions
	Acknowledgements 
	References




