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Abstract

Background: Unintentional non-adherence has been characterized as passively inconsistent medication-taking
behavior (forgetfulness or carelessness). Our objectives were to: (1) study the prevalence and predictors of
unintentional non-adherence; and (2) explore the interrelationship between intentional and unintentional
non-adherence in relation to patients’ medication beliefs.

Methods: We conducted a cross-sectional survey of adults with asthma, hypertension, diabetes, hyperlipidemia,
osteoporosis, or depression from the Harris Interactive Chronic Illness Panel. The analytic sample for this study
included 24,017 adults who self-identified themselves as persistent to prescription medications for their index
disease. They answered three questions on unintentional non-adherence (forgot, ran out, being careless), 11
questions on intentional non-adherence, and three multi-item scales assessing perceived need for medication
(k = 10), perceived medication concerns (k = 6), and perceived medication affordability (k = 4). Logistic regression was
used to model predictors of each unintentional non-adherence behavior. Baron and Kenny’s regression approach
was used to test the mediational effect of unintentional non-adherence on the relationship between medication
beliefs and intentional non-adherence. Bootstrapping was employed to confirm the statistical significance of these
results.

Results: For the index disease, 62% forgot to take a medication, 37% had run out of the medication, and 23% were
careless about taking the medication. Common multivariate predictors (p< .001) of the three behaviors were: (1)
lower perceived need for medications; (2) more medication affordability problems; (3) worse self-rated health; (4)
diabetes or osteoporosis (relative to hypertension); and (5) younger age. Unique statistically-significant predictors of
the three behaviors were: (a) ‘forgot to take medications’ - greater concerns about the index medication and male
gender; (b) ‘run out of medications’ - non-white race, asthma, and higher number of total prescription medications;
(c) ‘being careless’ - greater medication concerns. Mediational tests confirmed the hypothesis that the effect of
medication beliefs (perceived need, concerns, and affordability) on intentional non-adherence is mediated through
unintentional non-adherence.

Conclusions: For our study sample, unintentional non-adherence does not appear to be random and is predicted
by medication beliefs, chronic disease, and sociodemographics. The data suggests that the importance of
unintentional non-adherence may lie in its potential prognostic significance for future intentional non-adherence.
Health care providers may consider routinely inquiring about unintentional non-adherence in order to proactively
address patients’ suboptimal medication beliefs before they choose to discontinue therapy all together.
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Background
Medication adherence refers to the extent of conformity
to treatment recommendations with respect to the tim-
ing, dosage, frequency, and duration of a prescribed
medication [1]. Non-adherence to chronic medications is
an Achilles’ heel of evidence-based medicine and is one
of the major reasons why patients fail to reach their clin-
ical goals, resulting in suboptimal health outcomes [2,3].
In an effort to better understand the underlying causes
of patients’ medication-taking behaviors, researchers
have differentiated between two types of non-adherence.
Intentional non-adherence is an active decision on the
part of patients to forego prescribed therapy [4,5]. Unin-
tentional non-adherence, on the other hand, is a passive
process whereby patients fail to adhere to prescribing
instructions through forgetfulness, carelessness, or cir-
cumstances out of their control (e.g., health literacy)
[6,7]. Patients can, and often do, exhibit both types of
non-adherent behaviors [8-10]. Intentional non-adherence
may be demonstrated through non-fulfillment of a new
prescription or through discontinuation of an existing
medication therapy without the advice of a provider. Ap-
proximately 15% of patients do not fill a new prescription
[11]; of those who do fill a new prescription, roughly 50%
discontinue therapy in the first six months [3,12,13].
Estimates of unintentional non-adherence vary consider-
ably and range from 20% to over 50% [7,8,10,14-23].
Research over the past 20 years has consistently shown

that intentional non-adherence is driven by patient
beliefs about their treatment, disease, and prognosis as
well as their objective experiences with medications [24-
27]. Some early research on unintentional non-adherence
suggested it was more strongly correlated with demo-
graphic characteristics [6,7,28,29] than with medication
knowledge or beliefs. Recent work, however, indicates that
that there may be more to unintentional non-adherence
than pure forgetfulness or carelessness [10,15,20,21,30,31].
Patients reporting intentional versus unintentional non-ad-
herence have been found to be similar to one another in
terms of their adherence-related knowledge and motiv-
ation [31]. Unintentional non-adherence has also been re-
cently linked to perceived need for medications [10,30],
medication concerns [15,19,21], and beliefs about treat-
ment efficacy [20], which suggests that interventions focus-
ing on patients’ medication beliefs may be required to
address both intentional and unintentional non-adherence.
Although recent studies have begun to clear the veil

on unintentional non-adherence, the generalizability of
the evidence to date is limited by small samples in niche
populations. A majority of these results were reported in
samples of about 150 patients or less [9,10,15,20,30], typi-
cally for a single condition [9,10,15,20,31], and usually with
a single-item measure of unintentional non-adherence
[15,20,30,31]. The one study that was conducted in
multiple chronic diseases with somewhat of a larger sam-
ple only targeted Medicare enrollees and excluded unin-
sured patients or those enrolled primarily in private/
employer-sponsored health plans [21]. Finally, although
it has been documented that patients exhibit both
intentional and unintentional non-adherence, no previous
study has explored the interrelationship between unin-
tentional and intentional non-adherence in relation to
patients’ medication beliefs. The current study, conducted
in a large sample of adults with chronic disease, aimed to:
(1) report the prevalence of unintentional non-adherence;
(2) explore whether medication beliefs predict uninten-
tional non-adherence; and (3) explore the interrelationship
between unintentional and intentional non-adherence in
relation to medication beliefs.
Methods
Study population
A cross-sectional survey of U.S. adults with self-reported
chronic disease was conducted using the Harris Inter-
active Chronic Illness Panel (CIP). CIP participants are
recruited through a number of avenues, including postal-
mail invitations, television advertisements, telephone re-
cruitment for under-represented populations, targeted
email solicitations, and text-banner placements on web-
sites (e.g., social-media, news sites, search-engine sites
and community portals). In February and March of 2009,
randomly-selected members of the CIP were sent an e-
mail invitation to participate in the survey. Panel mem-
bers responding to the e-mail invitation were instructed
to read the informed consent form and click on yes if
they agreed to participate. The study was approved by
the George Mason University Institutional Review Board.
Panel members were eligible for participation if they

were aged 40 and older, resided in the U.S., and reported
one of six chronic diseases (hypertension, hyperlipidemia,
diabetes, asthma, osteoporosis, or depression). Only per-
sons age 40 and older were sampled because they bear a
greater burden of chronic disease compared to adults aged
18–39. The six chronic diseases reflect a mix of symp-
tomatic, asymptomatic, and mental-health conditions.
They are some of the most highly prevalent conditions in
the U.S. [32] and are associated with a significant clinical
and economic burden for the U.S. health care system [33].
Requests for survey participation were sent to 204,266

randomly-selected CIP members. Of these invitations,
there were 11,945 invalid e-mail addresses. Of the
192,321 invitations with valid e-mail addresses, 17,121
were ineligible due to age less than 40. Of the 175,200
age-eligible persons with a valid e-mail address, 51,774
completed the screener (29.5% survey contact rate per
standards recommended by The American Association
for Public Opinion Research [34]).
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During the screening portion of the survey, panel
members’ chronic disease status was reconfirmed and
their medication-taking behavior for the index condition
was solicited. The screener solicited the number of medi-
cations respondents currently took for each disease as
well as the length of time they reported continuously
taking the medication. These items were used to classify
respondents as currently persistent to their medication.
To identify respondents as non-persisters, the survey
asked if, in the last year, they had stopped taking a pre-
scription medication for one of the six conditions with-
out their providers telling them to do so. To identify
respondents as non-fulfillers, the survey asked if, in the
last year, they had received, but did not fill, a new pre-
scription from their provider for one of the six target
conditions. Only subjects who self-identified themselves
as persistent to (i.e., currently on therapy with) prescrip-
tion medications for their index disease form the analytic
sample for this study. The index disease was the disease
for which respondents completed the medication-belief
items. If self-reported persisters reported more than one
of the six target conditions, one was randomly selected
as the index disease. Because non-fulfillers never filled
the index medication, they were not asked questions
about unintentional non-adherence. Self-reported non-
persisters were excluded from the analytic sample be-
cause their complete discontinuation of therapy cannot,
logically, be unintentional.

Survey content
Study participants completed a core set of questions on
demographics and self-reported health status. They
answered three questions on unintentional non-adherence
in reference to the prescription medications for their index
disease: During the past six months: (1) did you ever forget
to take the prescription medication; (2) did you ever run
out of the prescription medication; and (3) were you care-
less at times about taking the prescription medication?
Respondents also answered 11 questions on intentional
non-adherence in reference to their medication-taking be-
havior in the past six months for their index disease. These
questions surveyed the respondents on the following beha-
viors: took less medication than instructed because they
felt better/worse; skipped taking medication because they
felt better/worse; altered dose of medication to suit own
needs; stopped taking medication because they felt better/
worse; skipped doses to make medication last longer; took
smaller doses to make medication last longer; skipped
doses of medication because they did not think it was
helping them; and stopped medication because they did
not think it was helping them. Both sets of measures of
unintentional and intentional non-adherence were adapted
from validated measures published in the peer-review lit-
erature [35-39].
Finally, respondents answered 20 questions assessing
their beliefs about the index medication: perceived need
for the medication (k = 10), perceived medication con-
cerns (k = 6), and perceived medication affordability
(k = 4). As described elsewhere [26], multi-item scales
were created by summing raw items into a scale score
and linearly transforming each sum to a 0–100 metric,
with 100 representing the most favorable belief (highest
perceived need, fewest perceived concerns, fewest afford-
ability issues), 0 the least favorable, and scores in be-
tween representing the percentage of the total possible
score. Each multi-item scale was highly reliable [26].
Included in the 20 items were the three items from
the Adherence EstimatorW, a brief, three-item adherence
screener. One item each from the Adherence EstimatorW

assessed the domains of perceived need for medications,
perceived medication concerns, and perceived medica-
tion affordability [26].

Analysis
Logistic regression was used to assess differences between
age-eligible CIP members with valid e-mail addresses who
did and did not responded to the screener (survey non-
contact bias per standards recommended by The Ameri-
can Association for Public Opinion Research [34]). Inde-
pendent variables were age, gender, race, education,
income, geographic region of residence, and chronic dis-
ease. Prevalence of unintentional and intentional non-
adherence among self-identified persisters was tabulated.
Chi-square tests were used to assess for variation of any
unintentional non-adherence across key variables. Multi-
variate logistic regression models were used to predict
each of the three unintentional non-adherence behaviors
(dichotomized as yes/no) as well as any unintentional
non-adherence behavior using the multi-item scales for
perceived need, perceived concerns, and perceived afford-
ability as independent variables. To assess whether the re-
lationship between medication beliefs and unintentional
non-adherence was linear and monotonic, we divided each
multi-item scale into quartiles and modeled them as
dummy variables. We also modeled unintentional non-
adherence using the Adherence EstimatorW total score (0–
36) and risk levels for non-adherence (low, medium, high)
based on the total score. As described elsewhere [26],
respondents were classified as low risk for non-adherence
if they had a total score of 0, medium risk if they had a
score of 2–7, and high risk for non-adherence if they had a
score of 8 or higher. Covariates in the models included
age, gender, race, education, income, index disease, em-
ployment status, and self-rated health. All analyses were
conducted using Stata SE version 10.
We hypothesized that the effect of medication beliefs

(perceived need, perceived concerns, and perceived afford-
ability) on intentional non-adherence would be mediated
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through unintentional non-adherence. In other words, it
was hypothesized that medication beliefs would significantly
impact unintentional non-adherence which, in turn, would
significantly influence their intentional non-adherence
(Figure 1).
The most commonly-used method for testing medi-

ation hypotheses is the causal steps approach by Baron
and Kenny [40]. For a variable to be considered a medi-
ator according to this approach, four conditions must be
met [40,41]: (1) the independent variable must be signifi-
cantly associated with the mediator—path a in Figure 1;
(2) the mediator must be significantly associated with the
dependent variable—path b in Figure 1; (3) the inde-
pendent variable must be significantly associated with
the dependent variable—path c in Figure 1; and (4) the
direct effect of the independent variable on the
dependent variable after controlling for the mediator
must be less than the total effect without controlling for
the mediator—path c’ in Figure 1 should have a smaller
coefficient than c. These four conditions were tested
using four linear regression models. For this analysis,
two separate multi-item scales were created for uninten-
tional and intentional non-adherence by summing raw
items (three items for unintentional non-adherence and
11 items for intentional non-adherence) into a scale
score and linearly transforming each sum to a 0–100
metric, with 100 representing the highest level of non-
adherence (positive response for all items), 0 represent-
ing complete adherence (negative response on all items),
and scores in between representing the percentage of the
total possible non-adherence score.
The regression approach proposed by Baron and

Kenny [40] involves an implicit assumption that the esti-
mates of the indirect effect are normally distributed.
Patient Beliefs 
(Independent variable) 

Unintentional Non-
(Mediating var

a

c ( c' )

a   Total effect of patient beliefs on unintention
b   Total effect of unintentional non-adherence 
c   Total effect of patient beliefs on intentional 
c'  Direct effect of patient beliefs on intentional
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Figure 1 Conceptual Diagram Showing the Mediating Effect of Uninte
There are reasons to suspect that this assumption may
not always hold when mediation is present as indirect
effects are usually positively skewed and kurtotic [42-44].
A nonparametric resampling procedure called bootstrap-
ping has gained popularity in research on mediation [45-
47] because it makes no assumption about the shape of
the sampling distribution of the indirect effect. Simula-
tion research has shown that bootstrapping is one of the
most valid and powerful methods for testing mediation
effects [43,48-52]. With bootstrapping, one draws several
thousand samples from the original data (of equal size to
the original sample), each of which is obtained by ran-
dom sampling with replacement from the original sam-
ple. As recommended by Hayes and others [41,46], we
conducted a bootstrapping procedure with 5,000 sam-
ples. These samples were then used to compute the
mediated effect and its standard error. Finally, the prob-
ability distribution from all of the resampled estimates
was used to calculate bias-corrected confidence intervals
and bootstrap-estimated standard errors of the mediated
effects [43]. If the confidence interval did not include a
zero, then a significant indirect effect was concluded
[41]. Adjustments for multiple comparisons were made
using the Bonferroni correction approach [48].

Results
Survey non-contact bias
A 29.5% survey contact rate was achieved. Compared to
those age-eligible respondents with valid e-mail addresses
who were invited but did not respond to the screener,
those successfully contacted were more likely to be male,
age 50 and older, Caucasian, and of higher income but
were less likely to have asthma or depression (data not
shown). Sociodemographic characteristics (age, gender,
Intentional Non-Adherence 
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Adherence 
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ntional Non-Adherence.



Table 1 Sample Description (N=24,017)

Variable N %

Age, Mean (SD) 61.3 (9.4)

40–49 2,415 10.1%

50–59 7,899 32.9%

60–64 4,922 20.5%

65–69 4,028 16.8%

70+ 4,753 19.8%

Gender

Male 11,631 48.4%

Female 12,386 51.6%

Education

High school or less 4,211 17.5%

Some college 9,314 38.8%

College degree 4,178 17.4%

> College degree 6,314 26.3%

Income

< 25 K 3,143 14.7%

≥ 25K< 50K 5,862 27.4%

≥50K< 75K 4,884 22.9%

≥75K< 100K 3,252 15.2%

≥100K 4,215 19.7%

Race

White 22,421 94.5%

Black 521 2.2%

Hispanic 176 0.7%

Other 620 2.6%

Health

Fair/Poor 7,934 33.0%

Good 10,028 41.7%

Very good/Excellent 6,055 25.2%

Index Chronic Disease/Medication

Asthma 1,773 7.4%

Diabetes 3,098 12.9%

Hyperlipidemia 4,639 19.3%

Hypertension 10,199 42.5%

Osteoporosis 3,073 12.8%

Depression 1,235 5.1%

Mean SD

Medication Beliefs Scores a

Perceived need for medications 81.9 14.6

Perceived medication concerns 66.7 21.9

Perceived medication affordability 61.4 30.1
a Multi-item scales were created for medication beliefs scales by summing raw
items into a scale score and linearly transforming each sum to a 0–100 metric,
with 100 representing the most favorable belief (highest perceived need, fewest
perceived concerns, highest perceived affordability), 0 the least favorable, and
scores in between representing the percentage of the total possible score.
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race, education, and income), geographic region, and
chronic diseases explained only 3.2% of the variance (Cox
and Snell pseudo R-square test) in panel members’ likeli-
hood of completing the screener.

Sample description
Of the respondents, 24,017 subjects (88%) self-identified
themselves as persistent to the prescription medication
for the index disease. Data on these respondents was
included in the current analysis. As shown in Table 1, a
majority of the self-reported persisters were white (95%),
age 60 years and older, and college educated. Two-thirds
reported their health as good, very good, or excellent.
Over 42% reported hypertension as their index disease,
followed by hyperlipidemia (19%), diabetes (13%), osteo-
porosis (13%), asthma (7%), and depression (5%). Overall,
the respondents had a relatively high perceived need for
medications (mean of 81.9), moderate medication con-
cerns (mean of 66.7) and moderate perceived medication
affordability (mean of 61.4).

Prevalence of unintentional and intentional
non-adherence
An overwhelming majority (70%) of the self-reported per-
sisters reported at least one of the three unintentional
non-adherence behaviors in the past six months (Table 2).
Forgetting to take medication (62%) was the most com-
monly-reported behavior followed by running out of medi-
cations (37%) and being careless at times about taking the
medication (23%). Just over one-third of the respondents
reported at least one of the eleven intentional non-
adherence behaviors in the previous six months. Skipping
doses to make medication last longer was the most com-
monly reported intentional non-adherence behavior (18%),
followed by taking smaller doses to make medication last
longer (15%), and altering dose of medication to suit own
needs (14%).

Bivariate associations with any unintentional
non-adherence
Table 3 shows results of bivariate tests for variation in
any unintentional non-adherence across key independent
variables. The proportion of respondents reporting any
unintentional non-adherence was the highest among per-
sons age 40–49 and decreased as age increased. White
respondents were less likely to report any unintentional
non-adherence compared to other races. Compared to
respondents with education greater than college degree,
respondents with a high school education or less were
significantly less likely to report any unintentional non-
adherence. Retired respondents reported unintentional
non-adherence at the lowest rate, while those actively
looking for a job reported unintentional non-adherence
at the highest rate. Compared to respondents with



Table 2 Prevalence of Unintentional and Intentional
Non-adherence (N=24,017)

Unintentional Non-adherence

Items N %

Ever forget to take medication in past six months 14,987 62.4%

Ever run out of medication in past six months 8,861 36.9%

Careless at times about taking medication
in past six months

5,522 23.0%

Reported at least one of the three unintentional
non-adherence behaviors in the past six months

16,832 70.1%

Intentional Non-adherence

Items N %

Skipped doses to make medication last longer 4,265 17.8%

Took smaller doses to make medication last longer 3,616 15.1%

Altered dose of medication to suit own needs 3,448 14.4%

Stopped taking medication because felt worse 2,071 8.6%

Took less medication because felt better 1,922 8.0%

Skipped medication because felt worse 1,862 7.8%

Skipped medication because felt better 1,766 7.4%

Stopped medication because didn’t think
it was helping

1,785 7.4%

Took less medication because felt worse 1,665 6.9%

Stopped taking medication because felt better 1,529 6.4%

Skipped doses because didn’t think medication
was helping

1,466 6.1%

Reported at least one of the eleven intentional
non-adherence behaviors in the past six months

8,235 34.3%
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income greater than $100,000, respondents with income
less than $25,000 were significantly more likely to report
any unintentional non-adherence. Reports of unintentional
non-adherence decreased as self-rated health increased.
Respondents with an index medication for depression had
the lowest reports of unintentional non-adherence (63%)
while those taking osteoporosis medications had the high-
est (77%). Compared to the fourth (best) quartile, persons
in the first three quartiles for perceived need, concerns,
and affordability scales had higher reports of any uninten-
tional non-adherence.
Multivariate predictors of unintentional non-adherence
Table 4 presents results for multivariate analyses. Com-
mon multivariate predictors of each of the three uninten-
tional non-adherence behaviors included: lower perceived
need for medications, lower perceived medication afford-
ability, younger age, worse self-rated health, and diabetes
or osteoporosis (relative to hypertension). Unique predic-
tors of ‘forgot to take medications’ were more medication
concerns and male gender. Unique predictors of ‘run out
of medications’ were non-white race and asthma (relative
to hypertension). Unique predictors of ‘being careless’ were
more medication concerns, non-white race, education
greater than college degree, and asthma (relative to
hypertension).
Respondents with less perceived need for medications,

more medication concerns, and less perceived medication
affordability were significantly more likely to report any
unintentional non-adherence. Compared to respondents
in the highest quartile for perceived need for medications,
those in the first three quartiles were 33% to 51% more
likely to report any unintentional non-adherence. Respon-
dents in the lowest quartile for perceived medication af-
fordability scores were 2.32 times more likely than those
in the highest quartile to report any unintentional non-
adherence. Compared to respondents in the highest quar-
tile for perceived concerns, those in the first three quartiles
were 19% to 27% more likely to report any unintentional
non-adherence.
Across the three medication beliefs, perceived medica-

tion need and perceived medication affordability were
stronger predictors of unintentional non-adherence than
perceived medication concerns. Among demographics,
age was the strongest predictor of unintentional non-
adherence. Respondents in the 40–49 years age category
were almost two times more likely to report any uninten-
tional non-adherence compared to those age 70 or older.
The Adherence EstimatorW total score was a signifi-

cant predictor of each of the three unintentional non-ad-
herence behaviors as well as any unintentional non-
adherence. Compared to persons classified as low-risk by
the Adherence EstimatorW those classified as medium
and high risk were significantly more likely to report for-
getting medications (OR= 1.32, 1.44, respectively), care-
lessness with medications (OR= 1.43, 1.90, respectively),
running out of medications (OR= 1.81, 1.90, respect-
ively), and any unintentional non-adherence (OR= 1.59,
1.69, respectively).

Mediating effect of unintentional non-adherence
It was hypothesized that the effect of medication beliefs
(perceived need, perceived concerns, and perceived af-
fordability) on intentional non-adherence is mediated
through unintentional non-adherence. The four condi-
tions outlined by Barron and Kenny for a variable to
be considered as a mediating variable were satisfied
(Table 5). These four conditions, demonstrated by paths
a, b, c, and c’ in Figure 1, were tested through four suc-
cessive linear regressions - models 1, 2, 3, and 4, respect-
ively in Table 5. The direct effect of the three medication
beliefs on unintentional non-adherence was significant
(model 1). Compared to persons in the highest quartile
of perceived need, those in quartiles 1, 2, and 3 scored,
on average, 9.2, 7.5, and 5.1 points, respectively, higher
on the unintentional non-adherence scale (with a higher
score indicating a higher level of unintentional non-
adherence).



Table 3 Reports of Any Unintentional Non-Adherence
across Key Variables (N=24,017)

Any unintentional non-adherence

N (%)

Age *

40–49 1,909 (79.0%)

50–59 6,029 (76.3%)

60–64 3,524 (71.6%)

65–69 2,629 (65.3%)

70 and up 2,741 (57.7%)

Gender

Male 8,157 (70.1%)

Female 8,675 (70.0%)

Race *

White 15,618 (69.7%)

Other 1,008 (76.5%)

Education *

High school or less 2,803 (66.6%)

Some college 6,710 (72.0%)

College degree 2,925 (70.0%)

Greater than college degree 4,394 (70.0%)

Employment Status *

Looking for a job 522 (78.9%)

Not looking for a job 1,308 (69.3%)

Retired 5,686 (62.8%)

Disabled 413 (74.5%)

Employed 8,903 (75.1%)

Income *

< 25K 2,308 (73.4%)

≥ 25K< 50K 4,125 (70.4%)

≥50K< 75K 3,471 (71.1%)

≥75K< 100K 2,252 (69.2%)

≥100K 2,948 (69.9%)

Self-Rated Health *

Poor/fair 5,913 (74.5%)

Good 7,104 (70.8%)

Very Good/Excellent 3,815 (63.0%)

Disease *

Asthma 1,338 (75.5%)

Diabetes 2,336 (75.4%)

Hyperlipidemia 3,209 (69.2%)

Osteoporosis 2,365 (77.0%)

Depression 783 (63.4%)

Hypertension 6,801 (66.7%)

Perceived Need for Medication *

Quartile 1 (Worst) 3,159 (75.5%)

Quartile 2 4,960 (74.7%)

Quartile 3 4,322 (70.7%)

Quartile 4 (Best) 4,391 (62.0%)

Table 3 Reports of Any Unintentional Non-Adherence
across Key Variables (N=24,017) (Continued)

Perceived Medication Affordability *

Quartile 1 (Worst) 4,297 (82.2%)

Quartile 2 3,774 (72.9%)

Quartile 3 5,097 (68.3%)

Quartile 4 (Best) 3,664 (59.6%)

Perceived Medication Concerns *

Quartile 1 (Worst) 3,247 (77.6%)

Quartile 2 5,077 (73.6%)

Quartile 3 4,346 (70.7%)

Quartile 4 (Best) 4,162 (61.3%)

* Pearson Chi-square statistic for the omnibus test is significant at p = 0.01.
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The direct effect of unintentional non-adherence on
intentional non-adherence was significant (model 2), as
was the total effect of medication beliefs on intentional
non-adherence (model 3). Respondents with less per-
ceived need for medications, more medication concerns,
and lower perceived medication affordability had signifi-
cantly higher scores on the intentional non-adherence
scale (higher scores indicating greater intentional non-
adherence). Consistent with the Barron and Kenny ap-
proach [40], the coefficients in model 3 were reduced after
controlling for unintentional non-adherence (model 4).
The statistical significance of the mediational relationship

was confirmed using bootstrapping. The bias-corrected
95% confidence intervals for the indirect effect of the three
medication beliefs (perceived need, perceived concerns,
and perceived affordability) were found to exclude zero.
This confirmed the hypothesis that the effect of medication
beliefs on intentional non-adherence is mediated through
unintentional non-adherence.
Discussion
In a sample of 24,017 adults with chronic disease who self-
identified as being medication persisters, 70% reported at
least one instance of unintentional non-adherence, and
34% reported at least one instance of intentional non-
adherence in the past six months. Forgetfulness was the
most common unintentional behavior while skipping
doses to make the medication last longer was the most
common intentional behavior. Our observed prevalence of
unintentional non-adherence is likely higher than that
reported in other studies [7,14-16,22,23,29,53-56] because
of differences in the recall period as well as the wording of
the question (our study asked whether the respondent
“ever” demonstrated a certain behavior in the past six
months, whereas several other studies asked whether the
respondent “sometimes” demonstrated a certain behavior
(which might be interpreted as a regular behavioral
pattern).



Table 4 Logistic Regression Models for Multivariate Predictors of Unintentional Non-Adherence (N=24,017)

Forget to Take
Medication

Run Out of
Medication

Careless at Times
Taking Medication

Any unintentional
non-adherence

OR CI OR CI OR CI OR CI

Age

40–49 1.71* 1.52–1.93 2.21* 1.94–2.51 1.47* 1.28–1.68 1.95* 1.71–2.23

50–59 1.57* 1.44–1.72 2.00* 1.81–2.20 1.24* 1.11–1.37 1.78* 1.62–1.95

60–64 1.45* 1.32–1.58 1.61* 1.46–1.78 1.17† 1.05–1.30 1.53* 1.39–1.68

65–69 1.28* 1.17–1.40 1.29* 1.16–1.43 1.14^ 1.02–1.27 1.31* 1.20–1.44

Female gender .89* .84–.94 .97 .91–1.03 1.04 .97–1.11 .91† .85–.97

White race .90 .80–1.02 .74* .66–.84 .85^ .75–.96 .88 .77–1.01

Education

High school or less .79* .72–.87 .78* .70–.85 .77* .69–.85 .75* .68–.82

Some college .94 .88–1.01 .93 .86–1.00 .91^ .84–.99 .93 .86–1.00

College degree .93 .86–1.02 .93 .85–1.01 .90^ .82–.99 .93 .85–1.02

Employment status

Looking for a job .90 .76–1.06 1.04 .88–1.23 .95 .79–1.14 .95 .78–1.16

Not looking for a job .74* .67–.83 .67* .60–.75 .75* .67–.85 .68* .61–.77

Retired .78* .73–.84 .67* .62–.72 .75* .69–.81 .72* .67–.78

Disabled .82^ .68–.98 .84 .70–1.01 .86 .70–1.05 .79^ .64–.97

Income

< 25 K .99 .90–1.09 1.74* 1.58–1.94 1.07 .96–1.20 1.21* 1.09–1.35

≥ 25K< 50K .98 .90–1.06 1.35* 1.24–1.46 1.06 .97–1.16 1.09^ 1.00–1.18

≥50K< 75K 1.05 .97–1.14 1.20* 1.10–1.30 1.03 .94–1.13 1.12^ 1.03–1.22

≥75K< 100K .98 .89–1.07 1.05 .95–1.16 1.07 .97–1.19 1.00 .91–1.10

Self-Rated Health

Poor/fair 1.16* 1.07–1.25 1.70* 1.57–1.85 1.60* 1.46–1.76 1.31* 1.21–1.42

Good 1.18* 1.10–1.26 1.34* 1.24–1.45 1.33* 1.22–1.45 1.25* 1.16–1.34

Disease

Asthma .92 .83–1.03 1.36* 1.21–1.52 1.18† 1.05–1.33 1.18† 1.04–1.33

Diabetes 1.37* 1.26–1.50 1.23* 1.12–1.34 1.36* 1.24–1.50 1.38* 1.25–1.52

Hyperlipidemia 1.05 .97–1.13 .96 .89–1.04 1.08 .99–1.17 1.06 .98–1.14

Osteoporosis 1.18* 1.08–1.30 1.47* 1.34–1.61 1.30* 1.17–1.43 1.31* 1.19–1.45

Depression .97 .85–1.10 .94 .82–1.09 1.14 .98–1.33 .95 .83–1.08

Perceived Need for Medication

Quartile 1 1.46* 1.33–1.60 1.41* 1.27–1.55 1.91* 1.72–2.13 1.47* 1.32–1.62

Quartile 2 1.46* 1.35–1.57 1.38* 1.26–1.50 1.55* 1.41–1.70 1.51* 1.39–1.64

Quartile 3 1.32* 1.23–1.43 1.22* 1.20–1.32 1.34* 1.22–1.47 1.33* 1.22–1.44

Perceived Medication Affordability

Quartile 1 1.29* 1.18–1.41 4.65* 4.24–5.11 1.34* 1.21–1.48 2.32* 2.10–2.55

Quartile 2 1.21* 1.11–1.31 2.30* 2.10–2.52 1.23* 1.12–1.36 1.42* 1.31–1.55

Quartile 3 1.16* 1.08–1.25 1.55* 1.42–1.69 1.10^ 1.01–1.21 1.23* 1.14–1.32

Perceived Medication Concerns

Quartile 1 1.25* 1.13–1.38 1.06 .95–1.17 1.25* 1.11–1.39 1.27* 1.14–1.41

Quartile 2 1.20* 1.11–1.30 1.01 .93–1.11 1.18† 1.08–1.31 1.19* 1.09–1.30

Quartile 3 1.20* 1.11–1.30 1.00 .92–1.09 1.14† 1.03–1.25 1.19* 1.10–1.29

* p< 0.001; † p< 0.01; ^ p< 0.05.
Reference Categories for each of the variables in the model were as follows: age 70 and up (Age); male (Gender); non-white (Race); greater than college degree
(Education); currently employed (Employment); income>=100K (Income); very good/excellent (Self-rated health); hypertension (Disease); quartile 4 (Perceived
need, Perceived affordability, Perceived concerns).
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Table 5 Unintentional Non-Adherence as a Mediator on the Direct Effect of Patient Beliefs on Intentional
Non-Adherence (N=24,017)

Model 1
Direct effect of

patient beliefs on
unintentional
non-adherence

Model 2
Direct effect of
unintentional
non-adherence
on intentional
non-adherence

Model 3
Total effect of
patient beliefs
on intentional
non-adherence

Model 4
Direct effect of patient
beliefs on intentional

non-adherence
controlling for
unintentional
non-adherence

Pathway a in Figure 1 Pathway b in Figure 1 Pathway c in Figure 1 Pathway c’ in Figure 1

DV = unintentional
non-adherence

DV = intentional
non-adherence

DV = intentional
non-adherence

DV = intentional
non-adherence

B (95% CI)

Predictor Variables

Perceived Need
for Prescription

Quartile 1 9.2* (7.8–10.7) 4.1* (3.4–4.9) 2.7* (1.9–3.4)

Quartile 2 7.5* (6.3–8.2) 1.9* (1.3–2.6) 0.8* (0.2–1.4)

Quartile 3 5.1* (3.9–6.2) 0.6 (−0.1–1.2) −0.2 (−0.8–0.4)

Prescription
Affordability

Quartile 1 18.5* (17.2–19.8) 11.9* (11.2–12.6) 9.0* (8.4–9.7)

Quartile 2 10.0* (8.7–11.3) 5.3* (4.6–5.9) 3.7* (3.1–4.4)

Quartile 3 5.1* (3.9–6.2) 1.5* (0.9–2.1) 0.7* (0.1–1.3)

Prescription
Concerns

Quartile 1 4.5* (3.0–6.0) 7.7* (6.9–8.5) 7.0* (6.3–7.8)

Quartile 2 3.3* (2.1–4.6) 2.5* (1.8–3.1) 2.0* (1.3–2.6)

Quartile 3 2.8* (1.6–4.0) 1.1* (0.4–1.7) 0.6* (0.1–1.2)

Unintentional
Non-Adherence

0.2* (0.2–0.2) 0.2* (0.1–0.2)

* p< 0.05; DV = Dependent variable for the specific model being tested.
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Intentional non-adherence has been described as an ac-
tive process whereby patients choose to deviate from the
prescribed regimen [7]. On the other hand, unintentional
non-adherence has been described as a passive process, as
inadvertent or accidental medication-taking [57,58]. If un-
intentional non-adherence is truly random or inadvertent,
then one would expect it to be weakly related to demo-
graphic characteristics and medication beliefs.
We found a linear and monotonic association between age

and unintentional non-adherence: unintentional non-adher-
ence decreased as age increased, which may possibly be
attributed to multiple competing demands of professional
and family life among those in their 40’s and 50’s. There is
conflicting evidence from past research about the influence
of age on unintentional non-adherence with some studies
reporting no effect [15,20,21,28-30] and others an inverse ef-
fect similar to that reported herein [6,10]. Unlike previous
studies, our large sample size allowed us to explore this rela-
tionship across several age categories. Consistent with some
past research [7], individuals with lower income were more
likely to report running out of medications, perhaps reflect-
ing occasional cost-related medication underuse. Worse self-
rated health was also a consistent predictor of unintentional
non-adherence, which may possibly be related to a greater
burden of overall medication taking across multiple comor-
bidities. Compared to those with hypertension, having osteo-
porosis or diabetes was associated with a higher likelihood of
each of the three unintentional behaviors. A recent system-
atic review also reported that primary non-adherence, or
medication non-fulfillment, was higher in patients with
osteoporosis compared to hypertension [11]. Women may
perceive osteoporosis to be a less serious condition com-
pared to other diseases [59] and often do not perceive them-
selves to be at risk for osteoporosis [59,60], both of which
may make them vulnerable to unintentional non-adherence.
Diabetes is frequently accompanied by several other comor-
bid chronic conditions, thus increasing the pill burden of
such patients and possibly making them more vulnerable to
unintentional non-adherence.
Patient’s medication beliefs, especially perceived need

for medication and perceived medication affordability,
were strong predictors of unintentional non-adherence.
Patients in the lowest quartile of perceived need for
medications were 1.9 times more likely to report being
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careless at times with medications. Patients in the lowest
quartile of perceived medication affordability were 4.65
times more likely to report running out of medications
at times. Other research has also reported medication
beliefs to be associated with unintentional non-adher-
ence [15,30]. Overall, we found no evidence of uninten-
tional non-adherence being random or accidental [21].
This study has several strengths compared to previous

empirical work on unintentional non-adherence. A large,
internet-based panel of adults with chronic disease was
accessed. The obtained sample represents persons aged
40 and older with one of six chronic diseases from all 50
U.S. states. Our sample is by far the largest in which pre-
dictors of unintentional non-adherence has been
assessed. The multi-item scales assessing perceived need
for medications, perceived medication concerns, and per-
ceived medication affordability have been previously
tested and found to be reliable and valid [26]. Unlike
most previous studies, the analyses were conducted in
multiple chronic diseases including both physical and
psychiatric disorders. Finally, the sophisticated boot-
strapping approach was used to test the relationship be-
tween intentional and unintentional non-adherence.
Despite these strengths, several limitations must be taken

in to account when interpreting the results. This study was
conducted over the Internet with 29.5% survey contact rate.
The CIP recruits panel members through multiple avenues
in an attempt to provide a representative sample of the adult,
chronically-ill population and to reach under-represented
and hard-to-reach populations of interest. However, some
biases were observed in the sample. Specifically, compared
to the U.S. adult population, the obtained sample was under-
represented by adults with income less than $25,000 annu-
ally [61], under-represented by adults with a high school
education or less [62], and over-represented by Caucasians
[63]. As a result, generalizability to the broader population
should be made with caution. Because the obtained sample
is under-represented by persons of lower income relative to
the U.S. adult population, it is likely that the observed
effects of income and perceived medication affordability
represent lower-bound estimates. All respondents were self-
identified persisters to prescription medications, and we did
not confirm this based on pharmacy-claims data or other
adherence metrics (such as pill counts). The unintentional
non-adherence items were dichotomous (yes/no); we did
not inquire about the frequency of each unintentional medi-
cation-taking behavior. Finally, this study had a cross-sec-
tional design. Results from this study, especially the
relationship between intentional and unintentional non-ad-
herence, should be confirmed using longitudinal data.
Numerous measures assessing unintentional non-

adherence exist. For example, the four-item Morisky
Scale [35] contains two items on unintentional non-
adherence and the eight-item Morisky Scale [64]
contains three unintentional items. However, an inter-
pretative problem with most measures of unintentional
non-adherence is that they do not reveal the underlying
reasons for forgetfulness or carelessness. The analyses
reported herein suggest that unintentional non-adher-
ence is influenced by the same drivers as intentional
non-adherence—patients’ beliefs about the medications.
While unintentional non-adherence may appear to be a
rather benign behavior, its importance lies in its potential
prognostic significance. Qualitative research has depicted
how patients test or experiment with their medications
[9,65,66]. It is plausible that acts of unintentional non-
adherence may be prescient of future intentional non-
adherence. Our meditational tests support this hypoth-
esis. With occasional episodes of unintentional non-
adherence, patients may be testing a medication’s effective-
ness or gauging symptom status without the medication.
Others have suggested that reports of forgetfulness in taking
medications may be a proxy for reduced motivation [67],
having doubts about the prescribed therapy [68], or having
low perceived need for the medication [29,69]. Our analyses
support these interpretation as all three medication beliefs
scales were significantly associated with reports of forgetful-
ness, carelessness, and any unintentional non-adherence.
Non-persistence most commonly occurs in the first six

months of therapy [70-77]. It is during this initial period
that both unintentional and intentional non-adherence
should be assessed. Because physicians poorly predict
patients’ adherence [78,79], adherence screeners, like the
Adherence EstimatorW [26], might prove useful in identify-
ing nascent, suboptimal medication beliefs that may lead to
forgetfulness, carelessness, and, perhaps eventually, non-
persistence all together.

Conclusions
For our study sample, unintentional non-adherence does
not appear to be random and is predicted by medication
beliefs, chronic disease, and sociodemographics. Our
data suggests that the importance of unintentional non-
adherence may lie in its potential prognostic significance
for future intentional non-adherence. Health care provi-
ders may consider routinely inquiring about uninten-
tional non-adherence in order to proactively address
patients’ suboptimal medication beliefs before they
choose to discontinue therapy all together.

Competing interests
Drs. Gadkari and McHorney are full-time employees of and own stock in
Merck & Co., Inc.

Acknowledgements
This research was funded by Merck & Co., Inc.

Authors’ contributions
Both AG and CM contributed to the conception of the manuscript idea. CM
led the instrument development and data collection process. AG led the
statistical analysis and interpretation of data for the manuscript. Both AG and



Gadkari and McHorney BMC Health Services Research 2012, 12:98 Page 11 of 12
http://www.biomedcentral.com/1472-6963/12/98
CM contributed to the original draft of the manuscript as well as to the
critical revision of the manuscript for important intellectual content. Both AG
and CM have given final approval for the current version of the manuscript
to be published.

Received: 21 March 2011 Accepted: 17 April 2012
Published: 17 April 2012
References
1. Cramer JA, Roy A, Burrell A, Fairchild CJ, Fuldeore MJ, Ollendorf DA, Wong

PK: Medication compliance and persistence: terminology and definitions.
Value Health 2008, 11:44–47.

2. DiMatteo MR, Giordani PJ, Lepper HS, Croghan TW: Patient adherence and
medical treatment outcomes: a meta-analysis. Med Care 2002, 40:794–811.

3. Cramer JA, Benedict A, Muszbek N, Keskinaslan A, Khan ZM: The
significance of compliance and persistence in the treatment of diabetes,
hypertension and dyslipidaemia: a review. Int J Clin Pract 2008, 62:76–87.

4. Lehane E, McCarthy G: Intentional and unintentional medication non-
adherence: a comprehensive framework for clinical research and
practice? A discussion paper. Int J Nurs Stud 2007, 44:1468–1477.

5. Lehane E, McCarthy G: An examination of the intentional and
unintentional aspects of medication non-adherence in patients
diagnosed with hypertension. J Clin Nurs 2007, 16:698–706.

6. Wroe AL: Intentional and unintentional nonadherence: a study of
decision making. J Behav Med 2002, 25:355–372.

7. Lowry KP, Dudley TK, Oddone EZ, Bosworth HB: Intentional and
unintentional nonadherence to antihypertensive medication. Ann
Pharmacother 2005, 39:1198–1203.

8. Sewitch MJ, Abrahamowicz M, Barkun A, Bitton A, Wild GE, Cohen A, Dobkin
PL: Patient nonadherence to medication in inflammatory bowel disease.
Am J Gastroenterol 2003, 98:1535–1544.

9. Eliasson L, Clifford S, Barber N, Marin D: Exploring chronic myeloid
leukemia patients’ reasons for not adhering to the oral anticancer drug
imatinib as prescribed. Leuk Res 2011, 35:626–630.

10. Rees G, Leong O, Crowston JG, Lamoureux EL: Intentional and
unintentional nonadherence to ocular hypotensive treatment in patients
with glaucoma. Ophthalmology 2010, 117:903–908.

11. Gadkari A, McHorney C: Medication non-fulfillment rates and reasons for
non-fulfillment: narrative systematic review. CMRO 2010, 26:683–705.

12. Haynes RB, McDonald HP, Garg AX: Helping patients follow prescribed
treatment: clinical applications. JAMA 2002, 288:2880–2883.

13. Osterberg L, Blaschke T: Adherence to medication. N Engl J Med 2005,
353:487–497.

14. Barber N, Parsons J, Clifford S, Darracott R, Horne R: Patients’ problems with
new medication for chronic conditions. Qual Saf Health Care 2004, 13:172–175.

15. Wray J, Waters S, Radley-Smith R, Sensky T: Adherence in adolescents and
young adults following heart or heart-lung transplantation. Pediatr
Transplant 2006, 10:694–700.

16. Cerveny P, Bortlik M, Kubena A, Vlcek J, Lakatos PL, Lukas M: Nonadherence
in inflammatory bowel disease: results of factor analysis. Inflamm Bowel
Dis 2007, 13:1244–1249.

17. Julian LJ, Yelin E, Yazdany J, Panopalis P, Trupin L, Criswell LA, Katz P:
Depression, medication adherence, and service utilization in systemic
lupus erythematosus. Arthritis & Rheumatism-Arthritis Care & Research 2009,
61:240–246.

18. Sahm L, Maccurtain A, Hayden J, Roche C, Richards HL: Electronic
reminders to improve medication adherence-are they acceptable to the
patient? Pharm World Sci 2009, 31:627–629.

19. GMDaleboudtEBroadbentFMcQueen2010Kaptein AAIntentional and
unintentional treatment non-adherence in patients with systemic lupus
erythematosusArthritis Care Res[EPub ahead of print]Daleboudt GM,
Broadbent E, McQueen F: Kaptein AA. Arthritis Care Res: Intentional and
unintentional treatment non-adherence in patients with systemic lupus
erythematosus; 2010 [EPub ahead of print].

20. Saratsiotou I, Kordoni M, Bakogiannis C, Livadarou E, Skarlos D, Kosmidis PA,
Razis E: Treatment adherence of cancer patients to orally administered
chemotherapy: insights from a Greek study using a self-reported
questionnaire. J Oncol Pharm Pract 2011, 17:304–311.

21. Unni EJ, Farris KB: Unintentional non-adherence and belief in medicines
in older adults. Patient Educ Couns 2011, 83:265–268.
22. Kjeldsen L, Bjerrum L, Herborg H, Knudsen P, Rossing C, Sondergaard B:
Development of new concepts of non-adherence measurements among
users of antihypertensives medicines. Int J Clin Pharm 2011, 33:565–572.

23. LALindquistLGoJFleisherNJainEFriesema2011Baker DWRelationship of health
literacy to intentional and unintentional non-adherence of hospital
discharge m edicationsJ Gen Intern Med[EPub ahead of print]Lindquist LA,
Go L, Fleisher J, Jain N, Friesema E: Baker DW. J Gen Intern Med: Relationship
of health literacy to intentional and unintentional non-adherence of hospital
discharge m edications; 2011 [EPub ahead of print].

24. Benson J, Britten N: Patients’ decisions about whether or not to take
antihypertensive drugs: qualitative study. BMJ 2002, 325:873.

25. Elliott RA, Ross-Degnan D, Adams AS, Safran DG, Soumerai SB: Strategies for
coping in a complex world: adherence behavior among older adults
with chronic illness. J Gen Intern Med 2007, 22:805–810.

26. McHorney C: The adherence estimator: a brief, proximal screener for
patient propensity to adhere to prescription medications for chronic
disease. Curr Med Res Opin 2009, 25:215–238.

27. McHorney C, Gadkari A: Individual patients hold different beliefs to
prescription medications to which they persist vs. non-persist and persist
vs. non-fulfill. Patient Prefer Adherence 2010, 4:187–195.

28. Kim EY, Han HR, Jeong S, Kim KB, Park H, Kang E, Shin HS: Does knowledge
matter? Intentional medication nonadherence among middle-aged Korean
Americans with high blood pressure. J Cardiovasc Nurs 2007, 22:397–404.

29. Clifford S, Barber N, Horne R: Understanding different beliefs held by adherers,
unintentional nonadherers, and intentional nonadherers: Application of the
necessity-concerns framework. J Psychosom Res 2008, 64:41–46.

30. Iihara N, Kurosaki Y, Miyoshi C, Takabatake K, Morita S, Hori K: Comparison
of individual perceptions of medication costs and benefits between
intentional and unintentional medication non-adherence among
Japanese patients. Patient Educ Couns 2008, 70:292–299.

31. Norton WE, Amico KR, Fisher WA, Shuper PA, Ferrer RA, Cornman DH,
Trayling CA, Redding C, Fisher JD: Information-Motivation-Behavioral Skills
barriers associated with intentional versus unintentional ARV non-
adherence behavior among HIV-positive patients in clinical care. AIDS
Care 2010, 22:979–987.

32. National Center for Health Statistics2011Health, United States, 2010: With
Special Feature on Death and DyingDepartment of Health and Human
ServicesHyattsvilleNational Center for Health Statistics: Health, United States,
2010: With Special Feature on Death and Dying. Hyattsville: Department of
Health and Human Services; 2011.

33. RDeVolABedroussianACharuwornAChatterjeeIKimSKim2007An Unhealthy
America: The Economic Burden of Chronic DiseaseThe Milken InstitureSanta
Monica, CADeVol R, Bedroussian A, Charuworn A, Chatterjee A, Kim I, Kim S:
An Unhealthy America: The Economic Burden of Chronic Disease. Santa
Monica, CA: The Milken Institure; 2007.

34. The American Association for Public Opinion Research. Standard
Definitions: Final Dispositions of Case Codes and Outcomes Rates for
Surveys. 2006. Available at: http://www.aapor.org/standards.asp [last
accessed 5 May 2007].

35. Morisky DE, Green LW, Levine DM: Concurrent and predictive validity of a
self-reported measure of medication adherence. Med Care 1986, 24:67–74.

36. Horne R, Weinman J, Hankins M: The Beliefs about Medicines Questionnaire:
The development and evaluation of a new method for assessing the
cognitive representation of medication. Psychol Health 1999, 14:1–24.

37. Kim MT, Hill MN, Bone LR, Levine DM: Development and testing of the
Hill-Bone Compliance to High Blood Pressure Therapy Scale. Prog
Cardiovasc Nurs 2000, 15:90–96.

38. Blalock SJ, Patel RA: Drug therapy concerns questionnaire: Initial
development and refinement. J Am Pharm Assoc 2005, 45:160–169.

39. Wilson IB, Schoen C, Neuman P, Strollo MK, Rogers WH, Chang H, Safran DG:
Physician-patient communication about prescription medication
nonadherence: A 50-state study of America's seniors. J Gen Intern Med
2007, 22:6–12.

40. Baron RM, Kenny DA: The moderator mediator variable distinction in
social psychological-research - Conceptual, strategic, and statistical
considerations. J Pers Soc Psychol 1986, 51:1173–1182.

41. Hayes AF: Beyond Baron and Kenny: Statistical mediation analysis in the
new millennium. Commun Monogr 2009, 76:408–420.

42. MacKinnon DP, Lockwood CM, Hoffman JM, West SG, Sheets V: A
comparison of methods to test mediation and other intervening variable
effects. Psychol Methods 2002, 7:83–104.

http://www.aapor.org/standards.asp <last accessed 5 May 2007>
http://www.aapor.org/standards.asp <last accessed 5 May 2007>


Gadkari and McHorney BMC Health Services Research 2012, 12:98 Page 12 of 12
http://www.biomedcentral.com/1472-6963/12/98
43. Shrout PE, Bolger N: Mediation in experimental and nonexperimental
studies: New procedures and recommendations. Psychol Methods 2002,
7:422–445.

44. Fritz MS, MacKinnon DP: Required sample size to detect the mediated
effect. Psychol Sci 2007, 18:233–239.

45. Lee YY, Lin JL: The effects of trust in physician on self-efficacy, adherence
and diabetes outcomes. Soc Sci Med 2009, 68:1060–1068.

46. Anagnostopoulos F, Slater J, Fitzsimmons D: Intrusive thoughts and
psychological adjustment to breast cancer: Exploring the moderating
and mediating role of global meaning and emotional expressivity. J Clin
Psychol Medical Settings 2010, 17:137–149.

47. Rosbrook A, Whittingham K: Autistic traits in the general population: What
mediates the link with depressive and anxious symptomatology?
Research in Autism Spectrum Disorders 2010, 4:415–424.

48. Simes RJ: An improved Bonferroni procedure for multiple tests of
significance. Biometrika 1986, 73:751–754.

49. Mackinnon DP, Lockwood CM, Williams J: Confidence limits for the indirect
effect: Distribution of the product and resampling methods. Multivar
Behav Res 2004, 39:99–128.

50. Pituch KA, Stapleton LM, Kang JY: A comparison of single sample and
bootstrap methods to assess mediation in cluster randomized trials.
Multivar Behav Res 2006, 41:367–400.

51. Cheung GW, Lau RS: Testing mediation and suppression effects of latent
variables - Bootstrapping with structural equation models. Organ Res
Methods 2008, 11:296–325.

52. Krause MR, Serlin RC, Ward SE, Rony YZ, Ezenwa MO, Naab F: Testing
mediation in nursing research Beyond Baron and Kenny. Nurs Res 2010,
59:288–294.

53. Sewitch MJ, Dobkin PL, Bernatsky S, Baron M, Starr M, Cohen M, Fitzcharles
MA: Medication non-adherence in women with fibromyalgia.
Rheumatology 2004, 43:648–654.

54. Atkins L, Fallowfield L: Intentional and non-intentional non-adherence to
medication amongst breast cancer patients. Eur J Cancer 2006, 42:2271–2276.

55. Ulrik CS, Backer V, Soes-Petersen U, Lange P, Harving H, Plaschke PP: The
patient’s perspective: adherence or non-adherence to asthma controller
therapy? J Asthma 2006, 43:701–704.

56. Miasso AI, Monteschi M, Giacchero KG: Bipolar affective disorder:
medication adherence and satisfaction with treatment and guidance by
the health team in a mental health service. Rev Lat Am Enfermagem 2009,
17:548–556.

57. Gordon K, Smith F, Dhillon S: Effective chronic disease management:
Patients' perspectives on medication-related problems. Patient Educ
Couns 2007, 65:407–415.

58. Ho PM, Bryson CL, Rumsfeld JS: Medication adherence: its importance in
cardiovascular outcomes. Circulation 2009, 119:3028–3035.

59. Hsieh C, Novielli KD, Diamond JJ, Cheruva D: Health beliefs and attitudes
toward the prevention of osteoporosis in older women. Menopause 2001,
8:372–376.

60. Gerend MA, Erchull MJ, Aiken LS, Maner JK: Reasons and risk: Factors
underlying women's perceptions of susceptibility to osteoporosis.
Maturitas 2006, 55:227–237.

61. U.S. Census Bureau. United States - Income in the Past 12 Months 2009.
Available at: http://factfinder.census.gov/servlet/STTable?_bm=y&-
geo_id=01000US&- qr_name=ACS_2009_1YR_G00_S1901&-
ds_name=ACS_2009_1YR_G00_&-_lang=en&-redoLog=false [Last accessed
28 December 2010]

62. U.S. Census Bureau. United States - Educational Attainment 2009. Available
at: http://factfinder.census.gov/servlet/STTable?_bm=y&-geo_id=01000US&-
qr_name=ACS_2009_1YR_G00_S1501&-ds_name=ACS_2009_1YR_G00_&-
_lang=en&-redoLog=false.{last accessed 28 December 2010}

63. U.S. Census Bureau. Resident Population by Sex, Race, and Hispanic Origin
Status. 2010. Available at: http://www.census.gov/compendia/statab/cats/
population/estimates_and_projections_by_age_sex_raceethnicity.html. [Last
accessed 28 December 2010].

64. Morisky DE, Ang A, Krousel-Wood M, Ward H: Predictive validity of a
medication adherence measure in an outpatient setting. J Clin Hypertens
2008, 10:348–354.

65. Conrad P: The meaning of medications: another look at compliance. Soc
Sci Med 1985, 20:29–37.
66. Raynor DK, Savage I, Knapp P, Henley J: We are the experts: people with
asthma talk about their medicine information needs. Patient Educ Couns
2004, 53:167–174.

67. Kim E, Gupta S, Bolge S, Chen CC, Whitehead R, Bates JA: Adherence and
outcomes associated with copayment burden in schizophrenia: a
cross-sectional survey. J Med Econ 2010, 13:185–192.

68. Proulx M, Leduc N, Vandelac L, Gregoire JP, Collin J: Social context, the
struggle with uncertainty, and subjective risk as meaning-rich constructs
for explaining HBP noncompliance. Patient Educ Couns 2007, 68:98–106.

69. Horne R, Weinman J: Patients' beliefs about prescribed medicines and
their role in adherence to treatment in chronic physical illness.
J Psychosom Res 1999, 47:555–567.

70. Benner JS, Glynn RJ, Mogun H, Neumann PJ, Weinstein MC, Avorn J: Long-
term persistence in use of statin therapy in elderly patients. JAMA 2002,
288:455–4561.

71. Kothawala P, Badamgarav E, Ryu S, Miller RM, Halbert RJ: Systematic review
and meta-analysis of real-world adherence to drug therapy for
osteoporosis. Mayo Clin Proc 2007, 82:1493–1501.

72. Jones JK, Gorkin L, Lian JF, Staffa JA, Fletcher AP: Discontinuation of and
changes in treatment after start of new courses of antihypertensive
drugs: A study of a United Kingdom population. BMJ 1995, 311:293–295.

73. Chapman RH, Benner JS, Petrilla AA, Tierce JC, Collins SR, Battleman DS,
Schwartz JS: Predictors of adherence with antihypertensive and
lipid-lowering therapy. Arch Intern Med 2005, 165:1147–1152.

74. Perreault S, Lamarre D, Blais L, Dragomir A, Berbiche D, Lalonde L, Laurier C,
St-Maurice F, Collin J: Persistence with treatment in newly treated middle-
aged patients with essential hypertension. Ann Pharmacother 2005,
39:1401–1408.

75. Agarwal S, Tang SS, Rosenberg N, Pettitt D, McLaughlin T, Joyce A, Schwartz
JS: Does synchronizing initiation of therapy affect adherence to
concomitant use of antihypertensive and lipid-lowering therapy? Am J
Ther 2009, 16:119–126.

76. Serna MC, Cruz I, Real J, Gasco E, Galvan L: Duration and adherence of
antidepressant treatment (2003 to 2007) based on prescription database.
Eur Psychiatry 2010, 25:206–213.

77. Yeaw J, Benner JS, Walt JG, Sian S, Smith DB: Comparing adherence and
persistence across 6 chronic medication classes. J Manag Care Pharm
2009, 15:728–740.

78. Mushlin AI, Appel FA: Diagnosing potential noncompliance. Physicians'
ability in a behavioral dimension of medical care. Arch Intern Med 1977,
137:318–321.

79. Caron HS, Roth HP: Patients’ cooperation with a medical regimen.
Difficulties in identifying the noncooperator. JAMA 1968, 203:922–926.

doi:10.1186/1472-6963-12-98
Cite this article as: Gadkari and McHorney: Unintentional non-adherence
to chronic prescription medications: How unintentional is it really? BMC
Health Services Research 2012 12:98.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://factfinder.census.gov/servlet/STTable?_bm=y&-geo_id=01000US&- qr_name=ACS_2009_1YR_G00_S1901&-ds_name=ACS_2009_1YR_G00_&-_lang=en&-redoLog=false <Last accessed 28 December 2010>
http://factfinder.census.gov/servlet/STTable?_bm=y&-geo_id=01000US&- qr_name=ACS_2009_1YR_G00_S1901&-ds_name=ACS_2009_1YR_G00_&-_lang=en&-redoLog=false <Last accessed 28 December 2010>
http://factfinder.census.gov/servlet/STTable?_bm=y&-geo_id=01000US&- qr_name=ACS_2009_1YR_G00_S1901&-ds_name=ACS_2009_1YR_G00_&-_lang=en&-redoLog=false <Last accessed 28 December 2010>
http://factfinder.census.gov/servlet/STTable?_bm=y&-geo_id=01000US&- qr_name=ACS_2009_1YR_G00_S1901&-ds_name=ACS_2009_1YR_G00_&-_lang=en&-redoLog=false <Last accessed 28 December 2010>
http://factfinder.census.gov/servlet/STTable?_bm=y&-geo_id=01000US&-qr_name=ACS_2009_1YR_G00_S1501&-ds_name=ACS_2009_1YR_G00_&-_lang=en&-redoLog=false
http://factfinder.census.gov/servlet/STTable?_bm=y&-geo_id=01000US&-qr_name=ACS_2009_1YR_G00_S1501&-ds_name=ACS_2009_1YR_G00_&-_lang=en&-redoLog=false
http://factfinder.census.gov/servlet/STTable?_bm=y&-geo_id=01000US&-qr_name=ACS_2009_1YR_G00_S1501&-ds_name=ACS_2009_1YR_G00_&-_lang=en&-redoLog=false
http://www.census.gov/compendia/statab/cats/population/estimates_and_projections_by_age_sex_raceethnicity.html
http://www.census.gov/compendia/statab/cats/population/estimates_and_projections_by_age_sex_raceethnicity.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Survey content
	Analysis

	Results
	Survey non-contact bias

	link_Fig1
	Sample description
	Prevalence of unintentional and intentional non-adherence
	Bivariate associations with any unintentional non-adherence

	link_Tab1
	Multivariate predictors of unintentional non-adherence
	Mediating effect of unintentional non-adherence

	link_Tab2
	Discussion
	link_Tab3
	link_Tab4
	link_Tab5
	Conclusions
	show [aaa]
	Acknowledgements
	Authors&rsquo; contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50
	link_CR51
	link_CR52
	link_CR53
	link_CR54
	link_CR55
	link_CR56
	link_CR57
	link_CR58
	link_CR59
	link_CR60
	link_CR61
	link_CR62
	link_CR63
	link_CR64
	link_CR65
	link_CR66
	link_CR67
	link_CR68
	link_CR69
	link_CR70
	link_CR71
	link_CR72
	link_CR73
	link_CR74
	link_CR75
	link_CR76
	link_CR77
	link_CR78
	link_CR79

