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Variations in Patients’ Adherence to Medical
Recommendations

A Quantitative Review of 50 Years of Research

M. Robin DiMatteo, PhD

Background: The literature on patient adherence to treatment in-
cludes hundreds of empirical studies. A comprehensive examination
of the findings requires the organization and quantification that is
possible with meta-analysis.

Objectives: The goals of this research are retrieval, compilation,
and averaging of adherence rates in all published empirical studies
from 1948 to 1998; assessment of variation according to sample
characteristics, time period of publication, measurement method,
disease, and regimen; and examination of the effects on adherence of
patient demographic characteristics.

Methods: We calculated a meta-analysis of 569 studies reporting
adherence to medical treatment prescribed by a nonpsychiatrist physi-
cian, and 164 studies providing correlations between adherence and
patients’ age, gender, education, and income/socioeconomic status;
group comparison and multiple regression analysis of moderators.
Results: The average nonadherence rate is 24.8%. Controlling for
intercorrelations among moderator variables, adherence is signifi-
cantly higher in more recent and smaller studies and in those
involving medication regimens and adult samples. The use of
physical tests and self-report have respectively significant and bor-
derline negative effects on the level of adherence, and disease
severity and use of the medical record have no significant effects.
Adherence is highest in HIV disease, arthritis, gastrointestinal dis-
orders, and cancer, and lowest in pulmonary disease, diabetes, and
sleep. Demographic effects on adherence are small and moderated
by sample, regimen, and measurement variables.

Conclusions: This review offers insights into the literature on
patient adherence, providing direction for future research. A focus
on reliability and validity of adherence measurement and systematic
study of substantive and methodologic moderators are recom-
mended for future research on patient adherence.
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Research on patient adherence (compliance) grew rapidly
over the past 50 years, as chronic disease became more
prevalent and treatment more dependent on patient self-
management.'* Patients are adherent when they do what
their health professionals recommend. In some views, non-
adherence wastes resources and causes preventable morbidity
and mortality and the loss of healthcare dollars and produc-
tivity.> In other views, nonadherence represents rational
choice as patients attempt to maintain their personal identity,
achieve their goals, and preserve their quality of life.*'! Data
suggest that the difference in health outcomes between high
and low adherence is 26%, and that the adherence—outcome
relationship varies with the regimens, measurements, and
diseases studied.'

Many theoretical models (eg, Health Belief Model,
Theory of Planned Behavior, and Transtheoretical Model)
focus on understanding, predicting, and improving adher-
ence.'*' Their common components involve health profes-
sional—-patient communication, patients’ cognitive and social
processes (eg, beliefs, norms), and patients’ resources (eg,
financial, psychologic, and social support). The empirical
literature on adherence is large but not well understood, even
with elegant conceptual frameworks.'* Studies vary widely in
methodologies, and operational definitions of adherence are
as varied as the diseases, regimens, and patients examined.
Both measurement and context differences produce wide
variations in adherence estimates, correlates, and out-
Comes.12’15’16

This article examines “variations in patients’ compli-
ance . . .”'"!'® as a function of methodologic and contextual
factors in adherence research. Meta-analysis is used as a
methodology for integrating research findings with statistical
analysis of results from many individual studies.'” Meta-
analysis offers a rigorous alternative to narrative discussions
of the empirical literature® and allows examination of trends
in substantive and measurement issues?' * The goals of the
present research are: 1) to retrieve, compile, and average the
adherence rates reported in all published empirical studies of
adherence (and compliance) over 50 years (1948—-1998); 2) to

Medical Care ® Volume 42, Number 3, March 2004

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Medical Care ® Volume 42, Number 3, March 2004

Patient Adherence: Quantitative Review

assess variations in adherence according to contextual and
measurement variables (across time periods, sample charac-
teristics, measurement strategies, disease conditions, and
treatment regimens), providing norms for subgroups and their
interactions; and 3) to examine the role of patients’ demo-
graphic characteristics (age, gender, education, and income)
in adherence. Based on commonalities in existing adherence
models, particularly as they relate to patients’ identity, illness
self-image, and the meaning of treatment in attempts to
preserve, maintain, or restore a preferred (pre-illness) self-
identity,®%*>¢ it is hypothesized that adherence could be
more difficult to achieve: 1) in the context of regimens that
are more pervasive (eg, behavioral) rather than circumscribed
(eg, medication), 2) when suffering is less (ie, when illness is
less serious and the consequences of nonadherence might
seem lower), and 3) when resources such as income and
education are wanting. Demographic variables (patient age
and gender) are not expected to have consistent effects on
adherence, which is predicted to vary consistently according
to the subjectivity of its measurement.

METHODS

Definitions, Search Strategy, and Inclusion
Criteria

PsychLit and Medline (Core Clinical and Cancer Jour-
nals, and Abbreviated Index Medicus) were searched for
journal articles published from 1948 through March 1998.
Beginning with 1966, when both “patient compliance” and
“patient adherence” first appeared in the literature,'®*’ elec-
tronic databases were searched using these specific key words
(to avoid such topics as compliance to care guidelines and
adherence in the physiology of cells). Index Medicus refer-
ences before 1966 were available in printed volumes, and
relevant citations from each article were consulted. Addi-
tional terms (eg, acceptance of medical recommendations,
medication omission errors, defection from therapy) were
also searched. This yielded 9051 citations involving medical
patients who were given medical preventive or treatment
recommendations by a physician (76% from Medline, 24%
from PsychLit). These citations and abstracts were examined
by the author and research assistants, and approximately 13%
(1176) of these citations were identified as empirical articles
in peer-reviewed English-language journals.

Published studies with samples of alcoholic, drug-
abusing, homeless, or institutionalized patients, or involving
military personnel were excluded because of potential insti-
tutional controls over adherence. Studies of adherence to
community-based programs (such as for screening, vaccina-
tion, exercise, weight loss) not medically prescribed and
studies of interventions designed to increase patient adher-
ence were excluded because the focus of the present research
is on recommendations made in the context of the physician—
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patient relationship. Included were studies with sample size
greater than 10 (to avoid case studies) and those that involved
only nonpsychiatric subjects and a nonpsychiatric medical
regimen that was prescribed or recommended by a nonpsy-
chiatrist physician. (It is acknowledged that psychiatric treat-
ment regimens are widely prescribed and that adherence is
highly relevant. Although the additional complications of
adherence in mental disorders are beyond the scope of this
already multifaceted research, they are nonetheless very im-
portant and deserving of future meta-analytic treatment.)
Studies were included if they defined and measured adher-
ence to a medically prescribed treatment or preventive mea-
sure (eg, exercise, diet, medication, health-related behavior,
screening, vaccination, and appointments). Eligible studies
presented one or both of the following: 1) the percentage of
the sample that was adherent by the researcher’s definition (or
the numerator and denominator allowing its calculation), 2)
the correlation of a measure of at least one of the following
patient demographic characteristics (age, gender, education,
income) with the measure of adherence (or the means to
calculate the correlation such as the data, a probability level,
or a statistic such as #, F, or x%). (Data are presented in
Appendices A and B, available with references from the
author.) There were 569 studies (48.4% of the empirical
citations; 96% from medicine/public health journals) provid-
ing requisite measurement information and percentage adher-
ence (Appendix A) and 164 studies (89% from medicine/
public health journals) correlating a demographic measure
with adherence (Appendix B) (age [138 studies], gender
[102], education [44], and income [27]).

Coding and Data Management

For each article, the following was recorded: reference;
disease for which treatment was provided; method for assess-
ing adherence (self-report by interview/questionnaire or di-
ary; collateral report by family member, physician, or nurse/
allied health professional; pill count, electronic recording by
pill-bottle monitor or a CPAP [continuous positive airway
pressure] timer; or medical chart/pharmacy record); regimen
requiring adherence (medication, diet, healthcare behavior,
exercise, or appointment follow up), sample size, and age
group (adult vs. pediatric) of the sample. In Appendix A, the
percentage of patients in each sample who were adherent to
treatment according to the definition of the author(s) was
recorded; in Appendix B, the “r” (correlation) effect size
between adherence and the demographic variable was re-
corded. Two coders assigned categories for each study, and
any disagreements were negotiated before assigning a code.

Statistical Analyses

For each study (unit of analysis) in Appendix A, the
percent of the sample adherent to treatment was extracted or
computed. Although in a few cases (3%), percentage adher-
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ence referred to the quantity of adherence (such as percentage
of prescribed exercise sessions attended), in most cases, it
referred to the proportion of the sample that met the adher-
ence criteria established by the authors (eg, the patient took at
least a specified percent of the prescribed medication, exhib-
ited “trivial deviation” from the regimen, followed the pre-
scribed behavior “appropriately” or not, or had a score on a
test of adherence [eg, urine or blood assay] that fell, or did not
fall, into “the acceptable range”). The variability among these
definitions was captured to some degree by the coding of both
measurement method (pill count, physical test, medical
record, self-report, collateral report, or electronic monitor)
and regimen (medication, health behavior, appointment, diet,
exercise, or screening) for each study. An arc sin transfor-
mation (2 times the arc sin of the square root of the percent)
was applied to normalize the distribution of percentage scores
for data analysis.** The transformed scores were converted
back to percentages to present summary statistics. In all, 569
studies provided at least one estimate of adherence (499
examining one method and one regimen; 520 examining one
regimen; 513 examining one method). Additional within-
study comparisons of method and regimen were possible for
9 studies of pill count, 10 studies of physical test, 9 studies of
self-report, and 7 studies of medication versus other regi-
mens. This allowed comparison of within-study and between-
study differences in method and regimen.

Means, standard deviations, and 95% random-effects
confidence intervals were computed for discrete groups of
interest (diseases, regimens, measurement methods). Homo-
geneity of variances across 17 disease categories allowed the
use of a single error term in # tests for group comparisons. 7
tests for independent samples were computed to compare
methods and regimens using studies that focused, respec-
tively, on one method or one regimen. Repeated-measures
comparisons were also made within the few studies that used
multiple regimens or measurement methods. Pearson Product
Moment correlations were computed between the trans-
formed percentages and scores on continuous covariates (in-
cluding recency of publication, severity of the disease (mea-
sured by the Seriousness of Illness Rating Scale-Revised
[SIRS-r]*® and sample size). Simultaneous multiple regres-
sion was computed to predict adherence controlling for in-
tercorrelations among the coded predictor variables.

For each study in Appendix B, the effect size correla-
tion coefficient “r” presents the strength and direction of the
association between adherence and the demographic variable
under examination; this effect size was calculated, when
necessary, from f, F, x?, summary statistics, or the data
arranged (or able to be arranged) in a contingency table
(yielding Phi) according to procedures described by
Rosenthal and Rosnow.?* In cases in which statistical tests
had more than one degree of freedom, Phi was calculated if
the data were available, or the exact probability determined a
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7” statistic which was then transformed to “r.” If just a
probability range was given, the following one-tailed z’s
were used: P <0.05 (z = 1.645), P <0.01 (z = 2.326), and
P <0.001 (z = 3.09). “Nonsignificant” results with no data
were assigned z = .00, which likely underestimated the
effect. In studies that presented multiple estimates of the
demographic variable-adherence relationship using the same
measurement or regimen, data points were averaged (a con-
servative approach). Positive effect sizes reflect the associa-
tion of greater adherence with female gender, older age,
higher education, and higher income. The median and the
unweighted mean (calculated using Fisher’s z transformation
of the effect size r, with transformation back to r) with 95%
confidence intervals (based on a random-effects model) were
calculated as were standardized odds ratios, risk differences,
and relative risks based on unweighted random effects
r’s.?? 73! Variability among the effects was examined using
methodologic and substantive moderators, with discrete (age
group, adherence measurement, and regimen) and continuous
(publication recency, disease severity, and sample size) mod-
erators assessed using ¢ tests and correlations, respectively.
The “fail-safe n” was calculated for each significant average
effect size and compared with its “tolerance level.”*? Cohen’s
d was computed from the unweighted mean effect size for
each demographic variable to give an estimate of the standard
deviation difference effect size.>* Medians, means, standard
deviations, correlations, ¢ tests, and multiple regression were
calculated using SPSS 10.0.** Meta-analysis components
were hand-calculated following recommended meth-
ods 23:24.3031

Random-effects models (requiring unconditional infer-
ences) were used throughout this meta-analysis to allow
generalization beyond the studies sampled. More limited
conditional inferences (that apply only to the set of studies
observed or identical ones) were available from the fixed-
effects model (used in some moderator analyses).** Meta-
analysis results are of greatest interest when they provide
insight into population effects (the random-effects model),
although more limited conditional inferences (from the fixed-
effects model) can sometimes be informative.

RESULTS

Adherence Rates and Moderators

Across 569 studies, adherence ranged from 4.6% to
100% with a median of 76% and an overall average of 75.2%.
The 48 adherence studies published before 1980 yielded an
average adherence rate of 62.6%, whereas the 491 studies
published from 1980 through March 1998 yielded an average
adherence rate of 76.3% (¢[537] = 4.24, P <0.001). There is
significantly greater variability among the 1980—1998 studies
than among the pre-1980 studies (P <0.001 by the Levene
test), and there are no significant differences between decades
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within these 2 time periods. Larger studies report lower
adherence than do smaller samples (#[537] = - .12, P =
0.007), and studies of adults (n = 401) yield higher adherence
than studies of pediatric patients (n = 116) (76.8% vs. 70.6%;
{[515] = 2.84, P = 0.005).

Table 1 examines measurement method and treatment
regimen as moderators of patient adherence. The most fre-
quently used methods are medical record, self-report, and pill
count; the highest level of adherence is for pill count and the
lowest is for collateral report. Independent-sample ¢ tests
comparing measurement methods show higher adherence for
pill counts (used exclusively with medication) and lower
for both collateral reports and self-reports. There are trends
for medical record and electronic monitor measures to pro-
duce lower adherence as well. Lower estimates of adherence
from self-report compared with other methods occur only for
medication regimens (#/[312] = 1.99, P = 0.047 for medica-
tion; #[183] = .24, not significant, for nonmedication). For
both the 185 nonmedication regimen studies and the 314
medication regimen studies, there were no differences in

adherence between studies that used and did not use a
physical test of adherence (respectively, #]183] = 1.55, not
significant; /[312] = .11, not significant).

Within-study comparison of measurement methods re-
vealed a slight trend for lower adherence in studies using
physical tests (/][9] = —1.88, P = 0.093) and no significant
differences between pill count and other measures in 9 studies
that used both (#/[8] = .64, not significant). Comparison
within 9 samples that examined self-report and other mea-
sures showed a trend opposite that found in the between-
studies comparison, that is, slightly higher estimates of ad-
herence with self-report (¢[8] = 2.05, P = 0.075). This
suggests that the role of self-report might not be straightfor-
ward because of the possible influence of other correlated
factors. Self-report measures occur more often in older stud-
ies (r = —.13, n = 539, P = 0.002) (which manifest lower
levels of adherence) and tend to have smaller sample sizes
(r = —.09, n = 539, P = 0.035) (which manifest higher
levels of adherence). Table 1 summarizes the univariate role
of measurement method in adherence most clearly in the

TABLE 1.

Methods of Measurement and Treatment Regimen as Moderators of Adherence Rates

No. of Average Confidence Comparison With Other
Studies (percent of Percent Interval® Methods: Across
sample)* Adherence (lower, upper) Studies*
Methods of measuring adherence” (N = 513)
Pill count 127 (25.0) 85.1 (82.4, 87.6) t(511) = 7.16%**
Physical test 50 (9.7) 72.9 (65.5, 79.8) #(511) = —.86 NS
Medical record/chart 145 (28.2) 72.6 (69.3, 75.9) #(511) = —1.82!
Self-report 131 (25.5) 71.8 (68.3, 75.4) #(511) = —2.22%
Collateral report 28 (5.5) 66.6 (57.5, 86.7) #(511) = —2.19%
Electronic monitor 32 (6.2) 69.0 (61.7, 75.9) #(511) = —1.73!
Objective versus subjective 209 (40.7) 80.2 (77.5, 82.7) t(511) = 4.73%**
measures of adherence® 304 (59.3) 71.8 (69.4, 74.0)
Treatment regimens” (N = 520)
Medication 328 (63.0) 79.4 (77.4, 81.4) #(518) = 6.56%**
Screening 9(1.7) 72.8 (49.9, 90.4) #(518) = —36 NS
Exercise 13 (2.5) 72.0 (60.5, 82.3) #(518) = —.57 NS
Health behavior 88 (16.9) 69.7 (65.5, 73.5) #(518) = —2.76**
Appointment 57 (11.0) 65.9 (60.8, 70.7) #(518) = —3.53%**
Diet 25 (4.8) 59.3 (49.6, 70.3) #(518) = —3.74"

#For examination of methods, comparisons and percent of sample reported are based on 513 studies that used one method. For examination of regimens,
comparisons and percent of sample reported are based on 520 studies that used one regimen.

795% confidence interval, stringent random-effects model.

The studies involved in each measurement (or regimen) are compared with studies not using that measurement (or regimen). For example, the average
adherence in studies involving pill count is compared, using 7 test, with the average adherence in studies not involving pill count.

SObjective measures include pill count, physical test, and electronic monitor; subjective measures include self-report, collateral report, and medical chart
entry.

Ip < 0.10.

*P < 0.05.

**pP < 0.01.

#HEP < (0.001.

NS = not significant.
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comparison between objective measures (combining pill
count, physical test, and electronic monitor) and subjective
measures (combining self-report, collateral report, and med-
ical record). Studies using subjective measures are more
numerous and yield lower average adherence scores than
studies using objective measures. Among the 6 treatment
regimens, the most commonly studied is medication that
yields greater adherence than nonmedication. This is also
supported by the repeated-measures comparison (2[6] = 2.82,
P = 0.03). Health behaviors, appointment-keeping, and diet
yield lower adherence averages; each is significantly lower
than its comparison with other regimens.

Table 2 presents the average adherence in studies
grouped by disease; adherence ranges from 65.5% in studies
of sleep disorders to 88.3% in studies of HIV disease.
Variances in the 17 groups are not significantly different from
each other (Levene statistic [17,545] = 1.11, P = 0.34)
making mean comparisons straightforward. Average adher-
ence levels for HIV disease, cancer, and gastrointestinal
disease (borderline) are higher than for other diseases (re-

spectively, {[567] = 2.11, P = 0.035; {[567] = 2.20, P =
0.028; #[567] = 1.82, P = 0.07). Adherence to care for
pulmonary conditions is significantly lower (f{567] = 2.02,
P = 0.044) and for diabetes and sleep disorders is borderline
lower compared with other conditions (respectively, [567] =
1.81, P = 0.07; #[567] = 1.87; P = 0.063).

Simultaneous multiple regression was used to examine
the prediction of adherence level from sample size, age
group, study recency, disease severity, regimen (medication
vs. other), and 3 methods of measuring adherence (physical
test, medical record, and self-report, which, in addition to pill
count, constitute almost 90% of the studies). Pill count and
the remaining regimens were not included because of their
high correlations with medication (respectively, » = .44 and
r = —.78) and because pill count occurs only with medica-
tion regimens. The overall model is significant (F[8,330] =
9.68; P = 0.000; adjusted 7> = .17). The strongest predictors
(all P = 0.000) of a study’s higher level of adherence are:
smaller sample size (standard beta = —.20, t = —3.89),
adherence to medication (standard beta = .29, t = 5.46), and

TABLE 2. Average Adherence in Studies of 17 Disease Conditions

No. of Adherence

Random Effects 95%
Confidence Interval for

Mean

Studies (percent)* Mean Adherence (percent)

HIV disease 8

Arthritis 22
Gastrointestinal disorders 42
Cancer 65
Seizures/brain disorders 9

Genitourinary and STDs 17
Skin disorders 11
Cardio vascular diseases’ 129
ENT and mouth disorders 30
Blood disorders (not leukemia) 7

OB-GYN 19
Infectious disease 34
Eye disorders 15
End-stage renal disease 20
Pulmonary diseases 41
Diabetes 23
Sleep disorders 16

88.3 (78.9, 95.2)
81.2 (71.9, 89.0)
80.4 (73.9, 86.2)
79.1 (75.9, 84.2)
78.4 (52.4,95.7)
77.0 (65.4, 86.9)
76.9 (66.5, 85.9)
76.6 (73.4,79.8)
76.1 (68.6, 82.8)
75.6 (45.9, 95.7)
74.8 (64.2, 84.2)
74.0 (67.5, 80.0)
72.6 (61.8, 82.3)
70.0 (56.8, 81.6)
68.8 (61.1,76.2)
67.5 (58.5,75.8)
65.5 (54.3,75.8)

*For researchers interested in individual disease comparisons, the Levene test reveals no
significant differences among the variances of the disease groups. The overall one-way ANOVA
mean square within (MS,,) is .212; this can be used in the following formula for individual group

comparisons with df = n, + n, — 2.t =
N

Mean, — Mean,

(I/n; + 1/ny) (MS,)

"There is no difference in adherence level between hypertension and other cardiovascular

diseases (7[127] = .27, NS).

STDs = sexually transmitted diseases; ENT = ear, nose, and throat; ANOVA = analysis of

variance.
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more recent publication (standard beta = .19, t = 3.70).
Using a physical test to assess adherence results in lower
adherence compared with other methods (standard beta =
—.11,t = —2.01, P = 0.045) and adherence is higher in
adult than in pediatric samples (standard beta = .13, ¢t =
2.52, P = 0.012). The use of self-report has a borderline
negative effect on adherence (standard beta = —.11, ¢t =
—1.86, P = 0.063), and severity and use of the medical
record are not significant.

Demographics

Table 3 presents the meta-analysis summary and mod-
erators of relationships between adherence and age, gender,
education, and income/socioeconomic status. Within-study
correlations between patient age and adherence, while near
zero on average, are very variable. This variability is mod-
erated by the population studied: the age-adherence relation-
ship is stronger in pediatric than in adult samples, with a trend
for adolescents to be less adherent than younger children.
Some interactions of moderators are also significant. Among
studies of adults, self-reports of adherence correlate nega-
tively with age (average » = —.04), whereas measures other
than self-report correlate positively (average » = .05)
(#7[81] = 2.2, P = 0.031). Gender and adherence are also
virtually uncorrelated overall, although female pediatric pa-
tients are more adherent than males.

The average correlation between patient education and
adherence is significant and positive overall, but this effect is
accounted for primarily by adherence to chronic disease
regimens. The average correlation between adherence and
income/socioeconomic status is also positive and significant,
but this effect occurs primarily in adult samples and in studies
using numeric measures of income.

DISCUSSION

The present study provides evidence that although
adherence is a construct that can be understood partly in
terms of well-known theoretical models and specific substan-
tive constructs, it is also the case that the measurement of
adherence and the context of research are important determi-
nants of research findings. As hypothesized, these data show
that higher levels of adherence are achieved with more
circumscribed regimens (medication as opposed to pervasive
health behaviors) as well as in situations in which patients
have greater resources (such as education and income), but
not simply as a function of illness severity or the demo-
graphic characteristics of age and gender. This research also
shows that, as predicted, methodologic factors such as
whether adherence is measured objectively or subjectively
and the contextual factors surrounding the research such as its
recency and the specific disease and population under study
have noteworthy effects on the results. These findings under-
score the idea that adherence might not be a unified construct
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and that although the general notion of adherence might be
useful, what is learned from its study is affected by the
decisions made about its research design.

Of course, there are limitations to the present work and
caveats to its interpretation. The search strategy could have
missed some relevant studies such as those catalogued pri-
marily by disease condition, and this meta-analysis excludes
adherence to psychiatric care, which should be the subject of
further meta-analytic work.*>*® Studies with significant re-
sults could have a greater likelihood of publication (although
the “fail-safe n” corrects for this potential) and researchers
could even conduct studies only on diseases or regimens for
which certain results are expected (eg, problematic adherence
rates, correlations with certain demographics). The concep-
tualization and measurement of adherence have changed over
50 years, and although some of that change has been docu-
mented and analyzed here, some may have affected conclu-
sions in ways not yet understood. Unlike large-scale multi-
dimensional studies, moderator variables are examined
primarily across studies (and rarely within them). Interaction
among these categories cannot be studied (eg, certain mea-
surement strategies are used only for certain regimens or
diseases). Furthermore, although there is evidence across
many fields that large trials and meta-analytic studies often
tell similar stories,®’*® pooling results from observational
studies can be problematic. Confounding and moderating
variables are implicit in the statistics they generate, but these
variables are typically different from study to study. Finally,
as is true in all research, the results of this meta-analysis are
bounded by limitations in the conceptual meaning, reliability,
and validity of the measures used.’® Variability in measure-
ment and idiosyncratic definitions of adherence can introduce
“noise” and argue for some degree of uniformity in adherence
measurement, in future research at least within a given
disease condition.

Adherence averaged 62.6% before 1980 and 76.3%
from 1980 onward, representing a significant trend control-
ling for methodologies, regimens, and patient groups. The
effect is primarily the result of improved adherence in gas-
trointestinal disease (#[40] = .53, P <0.001) and cardiovas-
cular disease (1[121] = .23, P <0.02), the latter accounted for
mostly by improved adherence to hypertension treatment
(r[70] = .29, P <0.02). This finding could reflect improve-
ments in medical care efficacy, provider awareness of adher-
ence, and patient involvement in their treatment. Overall
differences in adherence among various diseases could be
accounted for by many factors such as expected or actual
efficacy (resulting in greater adherence for HIV disease,
cancer, and gastrointestinal disease) and regimen complexity
(resulting in lower adherence for pulmonary conditions, dia-
betes, and sleep disorders). The average effects of patient
demographics on adherence were small, although their vari-
ability was partly accounted for by methodologic and sub-
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TABLE 3. Average Correlations of Adherence With Demographic Factors

Total Unweighted Mean R  Fail
No. of  No. of Median R (confidence Safe
Studies Subjects (range) interval)* N§ Moderators'
Age” 138 42,921 .00 (—.73,.52) —.01 (—.04,.02) NS N/A The relationship between age and
d=—-.02 adherence is stronger among
Adult® vs. pediatric’ 83 32,162 .00 .01 (—.03,.05) NS  N/A pediatric patients than among adult
d=.02 patients (r = .167; z = 2.51%%);
41 3639 .00 —.06 (—.13, .02)7 N/A there is a trend for older pediatric
d=—.12 patients (adolescents) to be less
adherent than younger pediatric
patients
Gender (female)” 102 30,502 .00 (—.28, .60) .02 (—.01,.04) NS  N/A The relationship between gender and
d=.04 adherence is stronger among
Adult® vs. pediatric’ 71 24,246 .00 .00 (—.03,.03) NS  N/A pediatric patients than among adult
d=.00 patients (» = .21%); in pediatric
27 2269 .00 .06 (.00, .13)* 13 samples, females are more adherent
d=.12 than males, but there is no gender
difference among adults
Education 44 14,941 .01 (—.13, .64) 07 (.02, .11)** 333% The relationship between education
Acute illness’ vs. d=.14 and adherence is stronger in the care
chronic illness 12 1675 .00 .00 (—.03,.04) NS  N/A of chronic illness than acute illness
d = .00 (z = 2.13*); in samples of patients
23 8279 .03 .09 (.01, .17)* 100 adhering to chronic illness regimens,
d= .18 adherence is positively correlated
with patient education
Income/Socioeconomic 27 5528 .02 (—.24, .71) .09 (.01, .16)* 248%  The relationship between income/
Status d=.18 socioeconomic status and adherence
Adult vs. pediatric 18 1587 .02 .12 (.01, .23)* 249% is stronger in adult than in pediatric
d=.24 samples (z = 1.89%); in studies of
9 166 .00 .01 (—.08, .11) NS N/A adults, adherence is positively
d=.02 correlated with
income/socioeconomic status
Income specific vs. 16 3159 .07 15 (.03, .27)* 216% The relationship between adherence
general socioeconomic d = .30 and income/socioeconomic status is
status 11 2369 .00 —.01 (—.07, .05) NS N/A stronger when the measure is

d=-.02

specifically of income than when it
is generally of socioeconomic status
(r = .40%*); adherence is positively
correlated with specific measures of
income, but not with general
socioeconomic status

#Positive correlation indicates that greater adherence is associated with older age, female gender, higher income, and more education.

TFor age-moderator analyses, there were 10 samples in which adult and pediatric patients were combined and 4 in which age refers to parental age, not that of the child.
These latter 14 samples could not be used in the analysis. For gender moderator analyses, there were 4 samples in which adult and pediatric patients were combined and could
not be used. For education moderator analyses, in 9 studies, the sample of subjects receiving medical care could not be coded as acute versus chronic.

P <0.10;
*P <0.05;
**p < 0.01.

fMean unweighted r effect size plus 95% confidence interval based on the random effects model; including Cohen’s d measuring the effect size in standard deviations.>*
SIndicates that the fail-safe N exceed the tolerance level.** The fail-safe n is the number of unretrieved studies that would need to average no effect to reduce a finding
significant at the .05 alpha level to nonsignificance. It serves as an index of concern about bias as a result of failure to publish nonsignificant findings, and the tolerance level
(tolerance for future null results) is the number of unavailable studies with mean effect size of zero required to bring the combined probability of the available and unavailable

studies to a nonsignificant level.>?

IModerator variables tested by the stringent random effects model are presented as correlation coefficient 7; differences that did not achieve significance in the random effects
model, but did so with the less stringent fixed-effects model are presented as z.

NS = not significant; N/A = not applicable.
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stantive moderators, the examination of which was made
possible by simple quantification approaches in meta-analy-
sis. Moderator results suggest, for example, that future re-
search on age and adherence should use detailed age group-
ings allowing for the examination of possible curvilinear
trends. Likewise, although patient education and socioeco-
nomic status were only weakly related to adherence, moder-
ator analysis showed that income-specific measures (ones
most amenable to intervention) affected adherence significantly.
This finding combines with other meta-analytic results'*!¢-404!
to suggest a pattern in which factors that can be treated or
changed (eg, depression, practical and emotional support, in-
come) have greater effects on adherence than do those that
cannot (age, gender). In settings in which improving adherence
is clearly advantageous to patients’ health and quality of life,
knowing about these factors as well as the limited role of
demographics can assist health professionals to be aware of
potential nonadherence and help patients achieve their health
goals.

Nonadherence is widespread (averaging 24.8%) and
can occur for many reasons (eg, patient self-determination,*
depression,'®*° lack of social support*'). That so many pa-
tients misunderstand, forget, or choose not to follow the
recommendations of their health professionals should be a
cause for concern, although not because recommendations
are always correct. Indeed, sometimes nonadherence can be
rational (or fortunate) in light of potential treatment impreci-
sion, toxicity, and medical errors.*> The offering of medical
recommendations that are misunderstood or subsequently
forgotten or ignored, however, is a waste of scarce healthcare
resources and suggests a systemic problem. In the year 2000,
for example, over 759.3 million visits were made to physi-
cians for the treatment of medical problems (excluding
checkups).** Applying a nonadherence prevalence rate of
24.8% suggests that as many as 188.3 million medical visits
(over 53 million of which are publicly funded*®) result in
patients not following the advice they are given. Analysis of
specific diseases (visits per year times prevalence rate of
nonadherence) yields the following estimates of the number
of visits probably ending in nonadherence: 8.4 million for
hypertension, 7.6 million for diabetes, and 4.5 million for
cancer. Analysis by regimen suggests the following: 112.2
million for medication, 49.4 million for diet; and 22.6 million
for exercise recommendations. This is nof to say that patients
necessarily should follow the advice they are given, or that it
is the fault of patients or their health professionals when they
do not. It is suggested, however, that something could be
wrong with an expensive system of service delivery in which
one of its primary products, advice, so often remains unused.

In 2001, medical care costs in the United States were over
1.2 trillion dollars.*> Almost 30% of this was paid to physicians
and other healthcare professionals for direct services, possibly a
quarter of which resulted in patients’ failing to follow the advice

© 2004 Lippincott Williams & Wilkins

they were given. Although it is certainly beyond the scope of this
article, as well as the expertise of this author, to calculate the
precise monetary waste associated with nonadherence, the
present study suggests that it could be very high (possibly as
much as $300 billion a year). Nonadherence can also result in
additional tangible and intangible costs such as patient suffering
and death; provider and patient frustration, anger, and hopeless-
ness; incorrect scientific research and clinical conclusions; and
reductions in quality of life for both patients and their healthcare
professionals. Although it is acknowledged that sometimes non-
adherence yields positive outcomes because sometimes medical
care causes more harm than good, it is important to note that a
medical visit that results in nonadherence is (at least partly)
wasted. Not carrying out a health action is de facto more
expensive if it follows a costly medical visit than if it does not.

The present research calls attention to several method-
ologic issues. First, as noted by Rudd in 1979, researchers are
“in search of the gold standard for compliance measure-
ment.”*® Nearly 25 years later, despite hundreds of empirical
studies and thousands of papers written about patient adher-
ence and compliance, the question of how best to measure it
is still an open one. Self-reports can be direct, simple, and
inexpensive, and although limited somewhat by memory,
they tend not to be overinflated as evidenced here and in
self-report research in the field of personality measure-
ment.*”*® Collateral ratings (eg, by spouses or health profes-
sionals) can be useful but vary in accuracy with distance from
the patient’s daily activities.*’ Physician reports in medical
charts might be biased by unawareness of patient behavior,
provider self-presentation, or liability concerns, although data
on the accuracy of chart entries remains fairly sparse.’® Pill
counts and tests such as urine or blood assay can be useful as
long as patients do not dispose of pills before the visit or
consume medication just before it to appear compliant.’’ As
shown here, physical tests do evidence lower adherence rates
than other measures, perhaps because of their sensitivity.
Electronic measures can document a chronology of adherence
“events,” but with present technologies, each remains pre-
sumptive.>? There is no one adherence measure against which
to calibrate others, making concurrent validation impossible.
Construct validation is, therefore, essential and has begun to
receive explicit attention in the behavioral medicine/health
psychology literature.*>>> Convergent and discriminant val-
idation requires the measurement of adherence to at least one
regimen, and preferably more, using multiple adherence mea-
surement methods (in a multitrait, multimethod approach).*’
Of the 569 studies examined here, however, only 9.8% used
more than one method and only 14 studies (2.5%) held
constant a regimen and used 2 or more methods to assess
adherence. There is also a disappointing trend for more recent
research to be less likely to use multiple methods and regi-
mens (7[537] = -.17, P = 0.000). Such limitations reflect the
challenges of adherence research in clinical settings, where
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respondent burden can be a concern and certain measurement
strategies are limited to certain regimens (eg, pill counts for
medication) or have different meaning with different regi-
mens. Researchers might also not know what to do with
adherence measurements that do not agree with each other.

Clinical decisions and research programs ultimately de-
pend on the reliable and valid measurement of adherence. Yet,
50 years of research in this field have not provided the data
necessary to answer critical measurement questions. It is impor-
tant for researchers to purposefully focus attention on the com-
plex multiple measurement strategies that are necessary to ad-
dress the reliability and validity of adherence measurement. As
Bowen and colleagues point out,'*®?® _ not just more re-
search but more thoughtful research on compliance must be
funded and conducted.” Future research should use multiple
measures of adherence (holding constant the treatment regimen),
and should measure as covariates the substantive and method-
ologic factors known to influence adherence. Additional con-
ceptual work is also needed to focus on the meaning of adher-
ence and its role in patient health and quality of life, and to
integrate theoretical approaches with data-driven mod-
els.%15:42:53756 gych research must be built on the foundation of
a clear picture of the adherence literature to date, including its
assessment, predictors, and outcomes. The construction of ef-
fective models of adherence should be based on studies in large
samples using multiple measures of process and outcome as well
as on exhaustive compilations of the carefully combed and
quantitatively summarized literature using the techniques of
meta-analysis.”’ >’ Ultimately, these models should simulta-
neously examine the effects (and interactions) of social, psycho-
logic, and biologic variables on reliable and valid measures of
adherence.
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