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Adherence to medications remains poor despite numerous efforts to identify and intervene
upon nonadherence. One potential explanation is the limited focus of many interventions
on one barrier. Little is known about the prevalence and impact of having multiple bar-
riers in contemporary practice. Our objective was to quantify adherence barriers for
patients with poorly controlled cardiometabolic condition, identify patient characteristics
associated with having multiple barriers, and determine its impact on adherence. We used
a linked electronic health records and insurer claims dataset from a large health system
from a recent pragmatic trial. Barriers to medication taking before the start of the inter-
vention were elicited by clinical pharmacists using structured interviews. We used multi-
variable modified Poisson regression models to examine the association between patient
factors and multiple barriers and multivariable linear regression to evaluate the relation
between multiple barriers and claims-based adherence. Of the 1,069 patients (mean:
61 years of age) in this study, 25.1% had multiple barriers to adherence; the most common
co-occurring barriers were forgetfulness and health beliefs (31%, n = 268). Patients with
multiple barriers were more likely to be non-white (relative risk [RR] 1.57, 95% confi-
dence interval [CI] 1.21 to 1.74), be single/unpartnered (RR 1.36, 95% CI 1.06 to 1.74), use
tobacco (RR 1.54, 95% CI 1.13 to 2.11), and have poor glycemic control (RR 1.77, 95% CI
1.31 to 2.39) versus those with 0 or 1 barrier. Each additional barrier worsened average
adherence by 3.1% (95% CI �4.6%, �1.5%). In conclusion, >25% of nonadherent
patients present with multiple barriers to optimal use, leading to meaningful differences in
adherence. These findings should inform quality improvement interventions aimed at non-
adherence. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;125:376−382)
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Poor adherence to medications for chronic cardiometa-
bolic conditions is extremely common and costly.1 On aver-
age, half of patients do not take their medications as
prescribed.2,3 Numerous interventions to improve adher-
ence have been evaluated; unfortunately, those that do
work have generally only had modest effects when sub-
jected to rigorous evaluation.4,5 One reason for the limited
effectiveness of previous interventions may be that they
often attempt to address single barriers to adherence,4,5

such as costs or forgetfulness, or apply a one-size-fits-all
approach.6,7 Yet, previous work has suggested that ≥30%
of nonadherent patients have ≥2 reasons for nonadher-
ence.8,9 Unfortunately, the existing data about the preva-
lence of barriers are limited; the small current studies have
generally quantified barriers based only on patient self-
report.9−11 Using data from a large pragmatic trial,12,13 we
determined the prevalence of barriers to adherence, includ-
ing multiple co-existing barriers and clustering patterns, in
contemporary practice. We also identified the patient fac-
tors associated with having multiple barriers. These findings
could inform the design of future interventions by improv-
ing their targeting and scope.
Methods

The source population for this study included patients
from the Study of a Tele-pharmacy Intervention for Chronic
diseases to (2) Improve Treatment adherence (STIC2IT)
pragmatic trial (ClinicalTrials.gov [NCT02512276]).12,13

This trial evaluated a multicomponent intervention deliv-
ered by licensed clinical pharmacists over the telephone
and was conducted in clinics at a large multispecialty group
practice in eastern Massachusetts between August 2015 and

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2019.10.043&domain=pdf
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August 2017. Patients were included in the trial if they had
suboptimal hyperlipidemia, hypertension or diabetes dis-
ease control and were nonadherent to prescribed medica-
tions for those conditions.12,13 Patients were excluded if
they had <6 months of health plan enrollment before ran-
domization or were <18 or >85 years of age. Of the 2,038
patients randomized to the intervention group, 94% of
patients were approved for enrollment by their primary care
providers, and 58% of those patients agreed to a phone con-
sultation with a clinical pharmacist. For this present study,
we included patients who received ≥1 clinical pharmacist
consultation after randomization.

We used pharmacist consultation notes linked to elec-
tronic health record (EHR) and health insurance claims
data.13 These sources contain patient-level data on inpatient
and outpatient encounters and procedures, sociodemo-
graphic information, outpatient office visits, emergency
room (ER) visits, and outpatient pharmacy prescription
drug claims.

As part of the initial telephone consultation with study
patients, the clinical pharmacists elicited patients’ current
barriers to medication adherence using a semistructured
interviewing guide based on the principles of brief negotiated
interviewing, a technique with foundations in motivational
interviewing.14 Before starting the trial, the clinical pharma-
cists underwent a 2-day training program that included script
development, role-playing exercises, and training on how to
elicit and classify barriers to adherence.13 Versus alternative
approaches, we chose to classify barriers using structured
pharmacist interviews to reduce patient burden and eliminate
the need for a separate evaluation.

For the trial, we had created 6 a priori categories for
barriers based on peer-reviewed literature:6,7,15 (1) cost,
(2) treatment complexity/forgetfulness barriers (hereafter
referred to as “forgetfulness”), (3) health beliefs (eg, low
perceived need for therapy), (4) lack of medication
knowledge/poor health literacy (hereafter referred to as
“knowledge”), (5) side effects (eg, experiencing an
adverse drug effect), and (6) cognitive impairment.13 The
pharmacists selected from these 6 predefined categories
when they documented their consultation in the EHR.
Because patients could have multiple barriers, we also
summed the total number of identified barriers for each
patient and created “barrier clusters” to classify and
depict the groupings of barriers typically experienced by
patients. For instance, individuals who were identified as
having cost and forgetfulness barriers, but no other bar-
riers, were classified in the “cost-forgetfulness” cluster.

Of note, patients could also be documented as not
having an adherence barrier if the clinical pharmacists
felt that the pattern of medication filling in the prescrip-
tion claims data (as presented in the EHR system) did
not actually represent current nonadherence and if the
patients had no active barriers. For example, situations
in which the pharmacists classified patients with no cur-
rent adherence barriers included if the patient’s treatment
regimen had changed, they had used an alternative insur-
ance plan or paid cash for their medications (and thus,
their medication fills were not recorded in the claims
data), or if they had recently become adherent (defined
at the clinical pharmacist’s discretion).
We used insurance claims and structured EHR data to
measure patient factors in the 365 days before the initial
pharmacist consultation. If patients had fewer than
365 days of insurance eligibility, then characteristics were
measured beginning from the date of insurance enrollment.
Demographic characteristics were measured from struc-
tured fields in EHR data, including age, gender, race/ethnic-
ity (classified as “white” or “non-white”), and martial/
partner status. We also measured clinical factors such as
patients’ body mass index (BMI), their latest glycated
hemoglobin A1c (HbA1c), their latest systolic blood pres-
sure (SBP), their latest low-density lipoprotein (LDL), and
current tobacco use from structured EHR fields.13 Although
the overall proportion of patients missing any of these vari-
ables was low (<10%), for patients who did not have any
available measurements of BMI, HbA1c, SBP, and LDL,
we imputed the patient’s value using mean values for that
condition.16

Other clinical characteristics were measured in claims
data using International Classification of Disease 9th edi-
tion (ICD-9) or 10th edition (ICD-10) codes, including clin-
ical co-morbidities, a combined co-morbidity score (a
measure of overall health status based on co-morbidities),17

number of outpatient physician office visits, hospitaliza-
tions, and ER visits. Using pharmacy claims data, we mea-
sured the number of unique medications that each patient
had filled and their baseline adherence to chronic medica-
tions (described in detail below). By definition, none of the
characteristics measured from claims data were missing
because insurance coverage was an inclusion criterion for
the parent trial.12

To calculate baseline adherence (ie, before the interven-
tion) for each medication used to treat any of the 3 chronic
conditions that were the focus of the intervention, we cre-
ated a drug supply diary from prescription claims data
beginning on the date of their first fill in the year before
their randomization date.18 Chemically related medications
were considered to be interchangeable (eg, 2 b blockers).
From these supply diaries, we measured the average propor-
tion of days that patients had medications available, or the
proportion of days covered (PDC).19 We then averaged the
PDC for all medications used to treat a single condition (eg,
all antihypertensives) and calculated an overall average
adherence across each patient’s eligible conditions.19,20 Of
note, patients were included in the parent STIC2IT trial if
their overall average baseline adherence for their eligible
chronic conditions was poor (PDC <0.80); a PDC of ≥0.80
corresponds to the minimum level of adherence associated
with reductions in outcomes like hospitalization or stroke.2

This PDC adherence calculation captures the implementa-
tion phase of the adherence taxonomy.21

First, we examined the prevalence of barriers to optimal
adherence, regardless of whether patients had other barriers
and determined how often patients had multiple barriers
to adherence (defined by having ≥2 recorded barriers). We
also described the characteristics of patients by their indi-
vidual barriers to adherence, by their number of barriers
to adherence, and within the most common multiple adher-
ence barrier clusters.

Second, we used multivariable modified Poisson regres-
sion analysis to estimate the independent patient factors
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associated with having multiple barriers to adherence (com-
pared with those having 0 or 1 barrier) among all patients
with pharmacist consultations.22 In brief, modified Poisson
models generate the estimated relative risks (RRs) with
robust standard errors and are appropriate when outcomes
are common (eg, incidences of ≥5%).22 In secondary analy-
ses, we modeled the association of patient factors with hav-
ing multiple barriers to adherence compared with having
just 1 barrier and no barriers separately. For clinical
interpretability and based on previous research,17 for the
modeling, we stratified age into 3 categories (<55, 55 to 64,
and ≥65 years), BMI as ≥30 or <30, HbA1c as ≥8% or
<8%, SBP as ≥130 or <130 mm Hg, LDL as ≥190
or <190 mg/dL, combined patient co-morbidity score as ≥1
or <1, number of office visits as ≥2 or <2, and number of
unique medications as <5, 5 to 10, and ≥10.

Finally, we evaluated the relative importance of having
multiple barriers on patient adherence. To do so, we used
separate linear regression models to estimate the relation
between overall average adherence and (1) having multiple
barriers and (2) each additional barrier (modeled as a con-
tinuous term beginning with 0). We estimated each of these
models as unadjusted models and adjusting for other patient
baseline factors. We also conducted exploratory subgroup
analyses by study condition (eg, hypertension).

Statistical significance was determined using 2-sided
tests with a = 0.05. All analyses were conducted using
SAS 9.4 (Cary, NC). The Institutional Review Board of
the Brigham and Women’s Hospital approved this study.
Dr Lauffenburger had full access to all the data in the
study and takes responsibility for its integrity and the
data analysis.
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Figure 1. Prevalence of barrie
Results

Of the 2,038 intervention patients in the parent STIC2IT
trial, 1,069 (52%) received an initial clinical pharmacist
consultation in which the barriers to adherence were col-
lected.12 Among the 1,069 patients included in the present
study, their mean age was 61.1 years (standard deviation
[SD]: 11.0), and 43% were female.

In total, 654 patients had ≥1 recorded barrier to optimal
adherence. In these 654 patients presenting with ≥1 barrier
(Figure 1), the most commonly recorded barrier was forget-
fulness (64%), followed by health beliefs (45%) and
experiencing side effects (23%). In total, 268 and 77
patients presented with ≥2 and ≥3 barriers to adherence,
respectively.

The distribution of the barrier clusters among the 268
patients with multiple (≥2) barriers to adherence is shown
in Figure 2. The 3 most common clusters were combina-
tions of (1) forgetfulness and health beliefs (31%), (2)
health beliefs and side effects (10%), and (3) forgetfulness
and side effects (8%). The prevalence of clusters among all
654 patients with ≥1 barrier is shown in Supplementary
Figure 1, which mirror the key results.

Patients’ baseline characteristics are shown in Table 1,
stratified by experiencing 0, 1, 2, and ≥3 barriers to optimal
adherence. More than 60% of patients with ≥3 adherence
barriers were men and of non-white race/ethnicity. Those
patients experiencing ≥3 barriers also used more medica-
tions on average than those with fewer barriers. Recorded
current use of tobacco was also higher in patients with ≥3
barriers. Patient characteristics are shown in Supplementary
Table 1 by individual barrier (eg, forgetfulness) and
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Figure 2. Prevalence of medication adherence barrier clusters.
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Supplementary Table 2 for the 3 most common multiple
adherence barrier clusters.

As shown in Table 2, patients with multiple (≥2)
pharmacist-classified barriers to optimal adherence were
more likely to be non-white (RR 1.57, 95% CI 1.21 to
1.74) and single (RR 1.36, 95% CI 1.06 to 1.74) com-
pared with patients with <2 (ie, 1 or 0) barriers. Patients
with multiple barriers were also more likely to use
tobacco (RR 1.54, 95% CI 1.13 to 2.11) and have poor
glycemic control (RR 1.77, 95% CI 1.31 to 2.39) than
patients with <2 barriers. Secondary analyses comparing
characteristics of patients with multiple barriers stratified
by the referent group (ie, vs 1 barrier and vs no barriers)
are shown in Supplementary Table 3. These results were
similar to the overall findings but had wider confidence
intervals due to smaller sample sizes for the referent
groups.

Finally, having multiple pharmacist-classified barriers
to optimal adherence had a strong relationship with worse
overall average claims-based adherence to medication
(Table 3). For example, the presence of each additional
pharmacist-classified barrier worsened average claims-
based adherence to medications by �3.1% (95% CI:
�4.6%, �1.5%) after adjusting for all other patient charac-
teristics. Exploratory subgroup analyses by the 3 chronic
conditions suggested that the relation could be stronger, on
average, for patients with diabetes and hyperlipidemia
(Supplemental Table 4)
Discussion

In this study of nonadherent patients with poorly con-
trolled cardiometabolic disease, >25% of patients experi-
enced ≥2 barriers to optimal medication adherence.
Forgetfulness and low perceived need for therapy (ie, health
beliefs) were the most common co-occurring barriers.
Patients with multiple barriers were also more likely to be
of minority race/ethnicity and have worse disease control
than those with fewer barriers. We also observed that
patients who experience more barriers to adherence have
worse claims-based adherence to medications, with differ-
ences that persist after accounting for other patient factors.
Even these small gaps in adherence are thought to be poten-
tially clinically meaningful, resulting in higher risks of
stroke and cardiovascular-related death.2

To our knowledge, this is the largest known study to
quantify the prevalence of barriers to optimal adherence in
patients with cardiometabolic disease. It also uniquely links
data from EHR and insurer claims to allow for wider assess-
ment of patient factors. Moreover, it is also by far the larg-
est of other known studies in which pharmacists-elicited
barriers.8,11,23 For example, a study of 179 nonadherent
patients receiving pharmacist consultations found that 58%
had ≥2 reasons for nonadherence.24 Like in our study, pre-
vious research has also suggested that forgetfulness is the
most common barrier.6,10,23,25 For instance, >25% of
patients have previously reported forgetfulness as a barrier



Table 1

Patient characteristics and the number of barriers to optimal adherence

Number of barriers

Variable 0

(n = 415)

1

(n = 386)

2

(n = 191)

≥3
(n = 77)

Men 59.5% 55.7% 55.5% 61.0%

Age, mean § SD (y) 63.2 § 10.6 60.7 § 11.1 58.7 § 10.9 57.9 § 11.1

Black 21.5% 36.3% 43.5% 47.1%

Hispanic/Latino 4.3% 6.7% 3.1% 10.3%

Single/unpartnered 38.3% 44.3% 57.6% 46.7%

Coronary artery disease 8.9% 4.7% 2.1% 5.2%

Congestive heart failure 3.6% 2.6% 4.2% 3.9%

Chronic kidney disease 7.7% 4.9% 8.4% 2.6%

Chronic obstructive pulmonary

disease/asthma

5.1% 3.9% 5.2% 5.2%

Depression 7.5% 6.0% 5.2% 5.2%

Diabetes mellitus 19.5% 15.8% 18.9% 16.9%

Hyperlipidemia* 35.9% 23.8% 29.3% 24.7%

Hypertension* 34.7% 25.1% 25.7% 23.4%

Tobacco use 9.4% 13.2% 19.4% 23.4%

Body mass index, mean § SD (kg/m2) 29.4 § 5.6 31.0 § 6.5 31.9 § 6.4 31.8 § 7.3

Latest glycated hemoglobin A1c,

mean § SD (%)

6.5 § 1.2 6.7 § 1.6 7.0 § 1.7 8.1 § 2.6

Latest systolic blood pressure,

mean § SD (mm Hg)

127.7 § 14.5 129.9 § 15.9 130.9 § 15.4 129.9 § 18.0

Latest low-density lipoprotein,

mean § SD (mg/dL)

167.6 § 6.3 179.0 § 42.4 172.2 § 42.6 176.5 § 44.3

Co-morbidity score, mean § SD 0.9 § 1.6 0.7 § 1.4 0.8 § 1.5 0.7 § 1.7

Emergency room visit 6.5% 3.1% 5.2% 3.9%

No. office visits, mean § SD 3.4 § 5.5 2.6 § 5.2 3.1 § 6.1 2.1 § 4.4

Hospitalization 9.6% 4.4% 5.2% 2.6%

No. unique drugs, mean § SD 9.4 § 6.3 8.5 § 5.8 8.3 § 5.6 10.2 § 6.2

Adherence (proportion of days covered), mean § SD 62.6 § 23.2 55.6 § 22.4 54.0 § 23.8 52.4 § 21.6

SD = standard deviation.

*Defined as having hyperlipidemia or hypertension per diagnoses in administrative claims data.
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to adherence to clinical pharmacists at their insurance
plan.23

The common co-occurrence of forgetfulness and health
beliefs barriers in patients warrants some further consider-
ation. One possible explanation is that having difficulty
remembering to take medications could be related to not
believing that they are important to take and therefore
purposefully not integrating medication-taking into daily
routines. Behavioral research suggests that memory recall
is worse when insufficient attention is given toward specific
tasks or that people may voluntarily suppress recall for
activities that make them uncomfortable.26,27 Our study
may provide further empirical support for the link between
memory and perceived need. Either way, the fact that these
barriers commonly exist together suggests future interven-
tions should try to address both barriers.

These findings suggest that existing adherence interven-
tions could be improved by being more multifaceted.
Adherence is known to be a complex multifactorial behav-
ior, and the strongest interventions appear to be those that
are multicomponent interventions.4 The parent STIC2IT
trial was, in fact, designed on this basis.12 By contrast, even
eliminating prescription medication copayments, arguably
one of the most successful single-barrier interventions to
improve adherence,4 increases average adherence by only
5% (though the intervention did not identify or target
patients specifically with cost barriers).28 Our results also
identified the most common co-occurring barriers and the
patient groups who are most likely to have multiple bar-
riers. Therefore, even in the absence of efforts to elicit bar-
riers, our results could guide the design of dual or
multicomponent interventions. Because a nontrivial number
of patients are struggling with multiple barriers to adher-
ence, interventions should be designed to be multifaceted
enough to address them.

Interventions could also be more generally improved by
being targeted toward patients’ specific barriers rather than
providing one-size-fits-all support, which is what is often
done.5,12 Evidence from recent trials suggest that targeting
adherence interventions to patients based on clinical need,
predicted benefit, or adherence barriers may improve out-
comes.12,29 In practice, clinicians, support staff, or clinical
pharmacists could potentially use this approach or other
such tools to identify specific barriers to optimal adherence,
whether by telephone or in-person.8,11 These tools could
potentially even be delivered as part of other screening
tools, such as social needs screenings, or integrated as data
into EHRs, which could then be used to deploy barrier-tar-
geted interventions.30 Regardless of approach, we identified
specific barriers and clusters of barriers which commonly

www.ajconline.org


Table 2

Association between patient factors and having multiple barriers to opti-

mal adherence compared with having fewer barriers

Factors (ref: no unless otherwise

specified)

Relative risk of

multiple barriers (95%

confidence interval)

Men (ref: women) 1.06 (0.81-1.37)

Age (ref: <55 years)
55-64 years 1.05 (0.78-1.41)

≥65 years 0.87 (0.60-1.26)

Nonwhite race/ethnicity 1.57 (1.20-2.04)

Single/unpartnered 1.36 (1.06-1.74)

Coronary artery disease 0.46 (0.21-1.00)

Congestive heart failure 2.00 (0.99-4.04)

Chronic kidney disease 1.47 (0.83-2.62)

Chronic obstructive pulmonary

disease/asthma

1.42 (0.77-2.62)

Depression 1.07 (0.60-1.91)

Diabetes 1.03 (0.61-1.73)

Hyperlipidemia 1.55 (0.98-2.45)

Hypertension 0.75 (0.49-1.14)

Tobacco use 1.55 (1.13-2.11)

Body mass index ≥30 (ref: <30) 1.23 (0.95-1.59)

Latest glycated hemoglobin A1c ≥8% (ref:

<8%)

1.76 (1.31-2.38)

Latest systolic blood pressure ≥130 mm Hg

(ref: <130 mm Hg)

1.17 (0.91-1.50)

Latest low-density lipoprotein ≥190 mg/dL

(ref: <190 mg/dL)

0.95 (0.72-1.24)

Co-morbidity score: ≥1 (ref: <1) 0.88 (0.50-1.54)

Emergency room visit 1.43 (0.76-2.68)

≥2 office visits (ref: <2) 0.96 (0.62-1.49)

Hospitalization 0.68 (0.35-1.31)

No. unique drugs filled (ref: <5)
5-10 0.94 (0.69-1.29)

≥10 0.88 (0.63-1.23)

The study sample consisted of all 1,069 patients with recorded barriers

to adherence, comparing those with ≥2 barriers to adherence with those

with 0 or 1 barriers.

Table 3

Relative contribution of having multiple barriers on adherence to

medication

Unadjusted

difference in

adherence (95%

confidence

interval)

Difference in

adherence adjusted

for patient factors

(95% confidence

interval)

All patients: proportion of

days covered, mean § standard

deviation

57.8 § 23.2

Number of barriers

Multiple barriers (≥2) �5.7 (�8.9, �2.5) �4.0 (�7.3, �0.8)

Each additional barrier �3.8 (�5.3, �2.4) �3.1 (�4.6, �1.5)

The study sample consisted of all 1,069 patients with recorded barriers

to adherence.
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present and in which patients, to allow for better interven-
tion deployment.

Several limitations should be acknowledged. Patients
had to have a pharmacist consultation to be included in the
study, so the overall prevalence of barriers may differ in
clinical practice and also change over time (ie, explaining
our low observed rates of cognitive impairment). Although
the adherence barriers were identified based on literature
and expertise, patients could have had other barriers (eg,
provider or system-level barriers, beyond the scope of the
trial).6 Not all patients were classified as having an adher-
ence barrier, as sometimes the pharmacists felt that their
poor disease control was not caused by an adherence issue.
However, this study mimics how a quality improvement
intervention would identify poorly adherent patients in
practice, and therefore could actually be considered a study
strength.23 The study size also precluded us from estimating
associations with individual multiple barrier clusters. We
also could not measure and control for all potential patient
factors, such as their healthcare plan. Finally, this study
was conducted in practices in Massachusetts and may not
be fully generalizable to other places.

In conclusion, a large fraction of patients with cardiome-
tabolic disease experience multiple barriers to optimal
adherence to chronic medications in contemporary practice,
leading to noticeable gaps in adherence compared with
those with fewer barriers. Forgetfulness and low perceived
need for therapy commonly occur together. These findings
could inform the design and target of interventions to
improve management.
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