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Abstract

Objectives—This systematic review used meta-analytic procedures to synthesize changes in 

patient-centered outcomes following medication adherence interventions.

Methods—Strategies to locate studies included online searches of 13 databases and 19 research 

registries, hand searches of 57 journals, and author and ancestry searches of all eligible studies. 

Search terms included patient compliance, medication adherence, and related terms. Searches 

were conducted for all studies published since 1960.

Eligible published or unpublished primary studies tested medication adherence interventions and 

reported medication knowledge, quality of life, physical function, and symptom outcomes. 

Primary study attributes and outcome data were reliably coded. Overall standardized mean 

differences (SMDs) were analyzed using random-effects models. Dichotomous and continuous 

moderator analyses and funnel plots were used to explore risks of bias.

Results—Thorough searching located eligible 141 reports. The reports included 176 eligible 

comparisons between treatment and control subjects across 23,318 subjects. Synthesis across all 

comparisons yielded statistically significant SMDs for medication knowledge (d = 0.449), quality 

of life (d = 0.127), physical function (d = 0.142), and symptoms (d = 0.182). The overall SMDs 

for studies focusing on subsamples of patients with specific illnesses were more modest but also 

statistically significant. Of specific symptoms analyzed (depression, anxiety, pain, energy/vitality, 

cardiovascular, and respiratory), only anxiety failed to show a significant improvement following 

medication adherence interventions. Most SMDs were significantly heterogeneous, and risk of 

bias analyses suggested links between study quality and SMDs.
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Conclusions—Modest but significant improvements in patient-centered outcomes followed 

medication adherence interventions.

Keywords

patient-centered outcomes; medication adherence; meta-analysis; patient knowledge; quality of 
life; physical function; depression; anxiety; symptoms

Introduction

Inadequate medication adherence limits effective treatment for many diseases. 

Nonadherence is a pervasive underrecognized cause of poor health outcomes [1, 2]. Taking 

into account unfilled prescriptions, missed doses, and inadequate persistence, patient 

medication adherence averages only 50% [2-5]. The health and economic consequences of 

poor adherence have led to many intervention trials designed to improve medication-taking 

behavior. In these trials, the primary outcome is medication-taking behavior, but an 

increasing number of studies are also assessing the impact of interventions on outcomes that 

are important to patients such as improved quality of life, alleviation of symptoms, increased 

physical function, and knowledge about their medications [6, 7]. Assessment of patient-

centered outcomes in medication adherence studies is related to the overall increased 

emphasis in health care research on addressing health care from the patient's perspective.

Many extant reviews of medication adherence interventions typically examine the effects of 

interventions on medication adherence behavior [8-11] or on clinical outcomes [12-17]. 

However, no previous systematic comprehensive reviews have synthesized patient-centered 

outcomes following medication adherence interventions. Therefore, rather than investigate 

adherence behaviors or clinical outcomes, this systematic review and meta-analysis was 

designed to synthesize findings from primary medication adherence intervention studies 

reporting results for patient quality of life, physical symptoms and mood, physical function, 

and knowledge. The project addressed the following three research questions: 1) What are 

the overall standardized mean difference (SMD) outcomes for quality of life, knowledge, 

physical function, and symptoms following medication adherence interventions in a diverse 

sample of acutely and chronically ill patients? 2) What are the SMDs for these outcomes 

when interventions are delivered to patients having specific types of illnesses such as 

diabetes or cardiovascular disease? 3) What is the risk of bias in extant studies?

Methods

Standard systematic review and meta-analytic methods were used to conduct the 

investigation, and PRISMA guidelines were followed in reporting the results [18, 19]. This 

study was one component of a larger parent comprehensive review of medication adherence 

intervention research.

Eligibility Criteria

Primary studies were included that tested an intervention designed to increase medication 

adherence and also reported an outcome measure of knowledge, quality of life, physical 
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function, or symptoms. These outcomes were selected because they are patient-centered 

outcomes most commonly reported in adherence research. Studies with diverse interventions 

were included regardless of the extent to which the interventions themselves were patient-

centered or focused on patient empowerment or engagement. While this project included 

studies designed to increase medication adherence, this study did not synthesize medication 

adherence behavior outcomes, nor did it investigate the relationship between patient-

centered outcomes and adherence behavior.

Studies of subjects with psychiatric conditions such as major clinical depression, bipolar 

disorder, or schizophrenia were excluded, as were studies of subjects who were being treated 

for substance abuse. Studies examining adherence to medications related to sexual function 

or reproduction were also excluded.

Only studies that compared intervention subjects to control subjects were included in the 

analysis sample; single-group pre-post studies were excluded. Studies were included 

whether or not they reported patients’ levels of adherence at baseline or whether they 

reported adherence levels post intervention. Small-sample studies, which often have 

inadequate statistical power, were nonetheless included because meta-analyses do not rely 

on p values to determine SMDs [20]. Both unpublished and published studies were included 

[21]. Inclusion of only published research in the meta-analysis may result in overestimation 

of the true magnitude of the summary SMD because studies with statistically significant 

findings are more likely to be published than those with nonsignificant results [20, 22, 23]. 

Overall SMDs for outcomes were calculated with unpublished studies included in the 

sample as well as excluded from it.

Search Strategies and Information Sources

In searching for eligible studies, multiple search strategies were employed to avoid bias that 

can result from narrow searches [24]. Searches were conducted by an expert health sciences 

librarian in the following electronic databases: PUBMED, PsychINFO, MEDLINE, 

EBSCSO, Cochrane Central Trials Register, CINAHL, Cochrane Database of Systematic 

Reviews, EBM Reviews, PDQT, ERIC, IndMed, International Pharmaceutical Abstracts, 

and Communication and Mass Media. The primary MeSH terms used in constructing search 

strategies were patient compliance and medication adherence. Patient compliance was used 

to locate studies published before 2009, and medication adherence was used to locate 

studies published after 2008, when it was introduced as a MeSH term. Other MeSH terms 

used in search strategies were: drugs, dosage forms, generic, prescription drugs, and 

pharmaceutical preparations. Text words used in searches were: adherent, adherence, 

compliant, compliance, noncompliant, noncompliance, nonadherent, nonadherence, 

improve, promote, enhance, encourage, foster, advocate, influence, incentive, ensure, 

remind, optimize, increase, address, decrease, impact, prevent, prescription(s), prescribed, 

drug(s), medication(s), pill(s), tablet(s), and regimen(s). Search terms for knowledge, quality 

of life, function, and symptoms were not used because these terms are inconsistently applied 

in computerized indexing systems.

Additional resources were also searched for potentially eligible studies. Abstracts from 48 

conferences were examined, and hand searches were conducted in 57 journals. Nineteen 
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research registers, such as the Research Portfolio Online Reporting Tool and 

clinicaltrials.gov, were also searched. Authors of studies identified through research register 

searches were contacted for additional studies, as were individuals who had authored more 

than one eligible primary study in the parent meta-analysis project sample. Ancestry 

searches were conducted on all eligible primary studies and review articles.

Study Selection

Figure 1 depicts the flow of potentially eligible primary studies through the project [19]. 

Citations were imported into bibliographic software and tracked using study-specific 

customized fields. In evaluating citations, the following eligibility criteria were applied: 

presence of an intervention to increase medication adherence; treatment vs. control 

comparison; and outcome data for knowledge, quality of life, function, or symptoms. When 

necessary, corresponding authors were contacted to obtain missing information to permit 

SMD calculation [18].

Data Collection

The coding frame to extract primary study characteristics and outcomes was developed from 

the research team's prior projects, existing meta-analyses on related topics, and experts’ 

opinions. The coding frame was pilot tested with 20 studies. Report features were coded 

(year of distribution, publication status), as were patient attributes (gender, age, ethnicity, 

health status) and intervention features. Methodological attributes of studies were coded, 

including assignment of patients to groups, allocation concealment, type of control group 

(attention control vs. true control), masking of data collectors, sample size, attrition rates, 

and intention-to-treat analyses [19]. In order to calculate the SMD for each study, outcome 

data such as sample sizes, means, and measures of variability were coded.

Data coding was conducted by research staff members who received extensive training and 

ongoing supervision during the data collection period. All variables in studies were 

independently coded by two people; discrepancies between coders were discussed and 

corrected to achieve 100% agreement [25]. Coded information to be used for SMD 

calculations was additionally examined for accuracy by a doctorally trained staff member. 

To ensure sample independence, studies with any authors in common were examined to 

identify potentially overlapping samples. This was accomplished by comparing study 

attributes such as the period of time over which the investigation was conducted, the 

location of participant recruitment, the research protocol, and intervention content. In cases 

where sample independence could not be verified across studies, authors were contacted for 

clarification. If multiple reports on a particular study were available, all were used during 

coding to obtain as complete a data set as possible. In cases where multiple related papers 

presented data from which a SMD could be calculated for any given comparison, data were 

used from the paper reporting the largest sample size and the most distal data collection 

point.

Statistical Analysis

SMDs (d) were calculated for each comparison. The SMD is the difference between the 

treatment group vs. control group post-intervention means divided by the pooled standard 
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deviation [18, 26, 27]. A positive value for d indicates a more favorable result for the 

treatment group compared to the control group. In determining the overall SMD for each of 

the outcomes, individual SMDs were weighted by the inverse of variance to give larger 

sample studies more influence [26]. Corresponding 95% confidence intervals were 

constructed for each overall SMD.

Because clinical and methodological heterogeneity is common in behavior change research, 

heterogeneity was expected in the sample and was addressed in five ways. First, random-

effects models were used for the analyses because they take into account variance beyond 

that explained by within-study sampling error. The random-effects model acknowledges that 

variation in SMDs also occurs due to between-study differences such as intervention 

content, participant characteristics, and methodological features [28]. Second, both location 

and variability parameters are reported. Third, the conventional heterogeneity statistic Q was 

computed to test for the presence of heterogeneity among the studies included in the meta-

analysis sample. To quantify the extent of heterogeneity across studies, the heterogeneity 

index I2 also was calculated [20]. Fourth, a limited sensitivity analysis was conducted to 

determine whether common risks of bias that were detected in the studies were influencing 

the magnitude of the summary SMD values. Finally, results of the meta-analysis were 

interpreted in the context of discovered heterogeneity. All calculations and analyses were 

performed using the software Comprehensive Meta-Analysis.

Risk of Bias

Because methodological quality can vary across studies and therefore potentially influence 

results, the risk of bias was minimized to the extent possible, and appropriate analyses to 

detect bias were conducted on the final sample of studies. To avoid bias commonly 

associated with single-group pre-post studies, only controlled trials were included in the 

meta-analysis. To minimize bias toward inclusion of studies with larger SMDs, which are 

often the easiest to locate when conducting searches, comprehensive search strategies were 

used to produce the broadest possible sample [24]. For this reason, unpublished as well as 

published studies were included in the sample because the most consistent difference 

between them is the statistical significance of published findings [21]. To statistically 

manage for variations in sample size, study SMDs were weighted so that the more precise 

estimates (due to larger sample size) exerted proportionally more influence on results [28].

Risk of bias due to study quality was determined by coding for the presence or absence of 

common indicators of methodological strength, including random assignment of participants 

to groups, allocation concealment, use of attention controls, data collector masking, 

sufficient sample size, intention-to-treat analyses, and low attrition rates [19, 29]. 

Exploratory moderator analysis was conducted to identify whether these methodological 

differences were potential sources of variation in the individual SMDs calculated for each 

study and could account for some of the observed heterogeneity across studies. 

Dichotomous moderators were examined using a meta-analytic analog of ANOVA to test 

the between-group heterogeneity statistic Qbetween [20]. Continuous moderators were 

examined by testing the unstandardized regression slope using a meta-analytic analogue of 

regression analysis [20].
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To detect possible publication bias in the sample of studies, funnel plots were constructed in 

which each observed study SMD was plotted against its standard error [30]. In the absence 

of publication bias, the observed study SMDs will be distributed symmetrically around the 

overall average SMD, with larger studies having less sampling error clustered at the funnel's 

narrow end and smaller studies with more variation at the wider end. Asymmetry in the 

distribution suggests the presence of bias. Begg's test was used examine whether asymmetry 

in the plot was due to chance alone [20].

Results

Comprehensive searching yielded 141 reports of eligible studies. Two reports were 

published in the 1970s, 10 during the 1980s, and 105 were published after 2000. The sample 

also included 10 dissertations, two presentations, and two unpublished studies.

Some reports included multiple comparisons. For example, two treatment groups may have 

been compared to control groups. The total meta-analysis sample therefore consisted of k = 

176 comparisons. The total number of participants across all included studies was 23,818 

and consisted of 12,715 treatment and 10,603 control subjects. Most investigations were 

conducted in North America (k = 86) or Europe (k = 48); fewer were conducted in Asia (k = 

17), Australia (k = 13), Africa (k = 10), or South America (k = 2). The majority of 

investigations (k = 127) reported funding for projects.

Descriptive statistics for included studies are provided in Table 1. Participant sample sizes 

ranged from 10 to 1,340, with a median of 87 subjects. The median of the mean age of 

subjects across studies was 57 years. Women were well represented, with studies including a 

median of 56% female participants. Ethnicity of participants was poorly reported, with only 

60 studies providing this information; among studies reporting race/ethnicity, samples 

included a median of 55% non-Caucasian participants. The number of medications taken by 

subjects was likewise poorly reported, with only 32 studies providing data. A number of 

studies focused entirely on subjects possessing a specific health problem, with the most 

common being cardiovascular disease (k = 44), pulmonary problems (k = 40), HIV/AIDS (k 

= 18), and diabetes (k = 17).

Thirty studies reported a theoretical or conceptual framework for interventions. The most 

common theories were motivational interviewing in seven studies and social cognitive 

theory in six studies. With regard to intervention content, the most common interventions 

were providing education about medication (k = 137) or disease (k = 83) and giving written 

materials to patients (k = 79). Other frequently reported interventions included helping 

patients solve adherence problems (k = 45) or overcome barriers to adherence (k = 20) and 

providing social support (k = 37). Some interventions involved having patients self-monitor 

disease signs/symptoms (k = 39) or medication-taking behavior (k = 14). In some studies, 

the interventionist provided feedback to patients about their adherence behavior (k = 7) and 

about disease signs (k = 15). Other patient-level interventions reported by at least 10 studies 

included provision of medication calendars (k = 12), rewards for adherence (k = 11), 

medication side-effect management (k = 12), teaching medication administration skills (k = 

12), and improving patient-provider communication (k = 12). A number of interventions 
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focused on improving integration of health care services (k = 29). Most interventions were 

face-to-face (k = 143) and were delivered primarily by pharmacists (k = 79) or physicians (k 

= 29).

Intervention dose was incompletely reported across studies. Among studies reporting an 

intervention dose, the mean number of sessions was 4.9 (k = 128), and mean session length 

was 54 minutes (k = 39). Time to follow-up was likewise incompletely reported. For 

example, only 46 of 86 studies reporting a quality of life outcome indicated when this 

variable was assessed after the intervention was completed. The median number of days to 

follow-up was 92 for quality of life and symptoms of depression or anxiety, 28 for all other 

non-mood related symptoms, and 14 for both knowledge and physical function.

Knowledge, Quality of Life, and Physical Function Outcomes

The results of random-effects analysis across studies of knowledge, quality of life, and 

physical function outcomes following medication adherence interventions are reported in 

Table 2. All three of these outcomes improved in patients receiving medication adherence 

interventions compared to patients in control groups. The greatest impact was on 

knowledge, with an overall SMD of d = 0.449. More modest SMDs were found for quality 

of life (d = 0.127) and physical function (d = 0.142). Results for all three outcomes reached 

statistical significance.

When overall SMDs were determined for studies targeting patients with specific diseases, 

values for knowledge were still greater than those for quality of life and physical function, 

regardless of disease type. Knowledge values for specific patient groups ranged from 0.303 

to 0.699, with only the SMD for diabetes studies failing to achieve statistical significance; 

however, this SMD was estimated across only three primary studies. Quality of life SMDs 

for specific disease groups ranged from 0.112 to 0.303 and were statistically significant for 

comparisons in which the analysis sample included more than 10 primary studies.

Physical function was reported less often than knowledge and quality of life, and the only 

specific patient group for which it was reported was in individuals with cardiovascular 

disease. For cardiovascular disease-focused studies, the overall SMD was 0.190, which was 

statistically significant (p = .034, k = 13.). Those SMDs calculated from only a few primary 

studies (e.g., knowledge in HIV samples, quality of life in diabetes samples) should be 

interpreted with caution.

With a few exceptions, substantial heterogeneity was found across studies as evidenced by 

statistically significant Q tests (Table 2). The magnitude of I2 in these cases indicates that a 

large proportion of the variability in SMDs across studies is due to between-study 

differences.

Symptom Outcomes

Overall SMDs for those patient symptoms that could be coded from three or more studies 

are shown in Table 3. Evaluable symptoms were those associated with depression and 

anxiety as well as patients’ levels of energy and pain. Overall SMD for the impact of 

interventions on respiratory symptoms was determined from studies focused on patients with 
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pulmonary diseases; likewise, cardiac symptom results were determined from studies 

focused on patients with cardiovascular disease.

When analyzed across all studies, depressive symptoms improved following medication 

adherence interventions with an overall SMD of 0.222. Depressive symptom results were 

statistically significant for studies of patients with cardiovascular disease (d = 0.329, p <.

003) and diabetes (d = 0.300, p < .001), but they were not significant for patients with HIV 

(d = 0.182, p = .160). Anxiety symptoms were not significantly improved across any patient 

samples.

Energy/vitality significantly improved after medication adherence interventions across all 

patient samples (d = 0.172, p = .011) and among patients with cardiovascular disease (d = 

0.215, p =.038). Positive SMDs for pain were also found across all studies reporting pain 

data (d = 0.119, p = .008) and across studies focusing specifically on cardiovascular patients 

(d = 0.180, p =.043).

Respiratory symptoms were significantly improved following medication adherence 

interventions in studies of patients with pulmonary disease (d = 0.283, p <.001). While 

cardiac symptoms improved in patients with cardiovascular disease, the improvement was 

not statistically significant (d = 0.450, p = .125); however, only five studies were available 

for this analysis.

Substantial between-studies heterogeneity was found for most symptoms as indicated by Q 

tests and I2 values (Table 3). The exceptions were for depressive symptoms among 

cardiovascular and diabetes patients and for anxiety symptoms across all patient samples 

and HIV patients. Again, findings from analyses with small k should be interpreted with 

caution.

Risk of Bias

To explore whether study quality was associated with SMDs, moderator analyses of 

common indicators of methodological quality were conducted. More than two-thirds of 

studies in the sample used random assignment of subjects (k = 128). Moderator analyses 

comparing studies with and without random assignment revealed no statistically significant 

differences in SMDs for knowledge, quality of life, and function. Some risk of bias related 

to nonrandom subject assignment was detected for symptom outcomes. Studies with random 

assignment reported larger SMDs (d = 0.243) than studies without random assignment (d = 

0.033).

Allocation concealment was reported in 47 studies. Results were not significantly different 

between studies with and without concealment for all four outcomes (p =.373 to .990). 

Moderator analysis of studies with attention controls vs. true controls was not conducted 

because only four studies in the sample employed attention controls. Data collector masking 

was reported by 53 comparisons; SMDs between studies with and without masking were not 

significantly different for any of the outcomes (p = .386 to .714). Sixty-four comparisons 

used intention-to-treat analyses. Moderator analyses did not find a significant difference in 

Conn et al. Page 8

Value Health. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



SMDs between studies that used intention-to-treat analysis and those that did not for any 

outcome (p =.064 to.558).

Studies with smaller sample sizes reported slightly larger SMDs for knowledge (p < .001), 

function (p = .037), and symptoms (p = .003). Although knowledge and quality of life 

results were not linked to project funding, function and symptoms SMDs were. Unfunded 

projects reported larger SMDs than funded projects for function (0.355 vs. 0.087, p = .021) 

and symptoms (0.362 vs 0.123, p = .036).

Funnel plot asymmetry suggestive of publication bias was observed in the distribution of 

SMDs for some variables. Begg's test confirmed statistically significant asymmetry in plots 

of quality of life, physical function, and energy/vitality. Begg's test failed to detect 

significant asymmetry in plots of knowledge, pain, symptoms related to respiratory disease 

or cardiovascular disease, depression, or anxiety. Funnel plots are presented in the electronic 

supplementary materials.

Additional analyses were conducted to calculate overall SMDs based on published 

comparisons only, with unpublished comparisons excluded. The SMDs were similar 

regardless of whether unpublished studies were included. The overall SMD for knowledge 

when four unpublished comparisons were excluded was 0.417 (k: 56; CI: 0.312, 0.523; I2: 

70.509). The overall SMD for quality of life when five unpublished comparisons were 

excluded was 0.130 (k: 81; CI: 0.069, 0.191; I2: 51.529). For physical function, the overall 

SMD when three unpublished comparisons were excluded was 0.150 (k: 26; CI: 0.046, 

0.255; I2: 62.788). For depressive symptoms, the SMD was 0.207 (k: 24; CI: 0.096, 0.319; 

I2: 42.662) when seven unpublished comparisons were excluded. For anxiety symptoms, the 

overall SMD was 0.019 (k: 9; CI: −0.162, 0.199; I2: 29.887) when one unpublished 

comparison was excluded. The SMD for vitality/energy was 0.167 (k: 23; CI: 0.029, 0.305; 

I2: 80.358) with two unpublished comparisons excluded. For pain, the SMD when two 

unpublished comparisons were excluded was 0.123 (k: 24; CI: 0.034, 0.213; I2: 46.434). No 

unpublished comparisons were included in the respiratory symptom calculations.

Conclusions

This report is the first comprehensive systematic review and meta-analysis of patient-

centered outcomes reported in studies testing interventions to increase medication 

adherence. Synthesis of SMDs across 141 studies with 176 eligible treatments vs. control 

comparisons determined that patients receiving medication adherence interventions on 

average exhibited small-to-moderate but statistically significant improvements in their 

knowledge of medications, quality of life, physical function, and symptoms relative to 

untreated controls. Most of these outcomes were also improved when interventions were 

delivered within specific disease populations.

The largest SMDs were found for knowledge, likely reflecting the frequent emphasis in 

medication adherence interventions on educating patients about their medications. 

Increasing knowledge may be a necessary component of increasing patients’ skills in 

managing medications but is not in itself sufficient to ensure medication adherence [31]. 
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Nevertheless, increased knowledge of medications may enhance the tolerability of 

medications and thereby indirectly enhance adherence. For example, if a patient understands 

that it is best to take a medication at bedtime because the medication can cause drowsiness, 

then the patient is less likely to stop taking the medication due to this side effect. Knowledge 

may also positively impact drug efficacy. A patient who is knowledgeable about the factors 

that may increase or decrease absorption of a medication (e.g., the need to avoid taking a 

medication with certain foods or to separate a medication from H2-blockers), then such 

behaviors will likely lead to greater medication efficacy. Overall, informed patients may be 

better partners with providers in achieving health goals. Future primary research should 

examine the role that medication knowledge may play in mediating positive outcomes of 

medication adherence interventions.

Smaller, but nonetheless significant, SMDs were found for quality of life, physical function, 

and disease symptoms following medication adherence interventions. The SMDs found for 

quality of life were comparable to those reported for other interventions such as exercise 

[32] and nonpharmacological treatments for pain [33, 34]. One plausible explanation for the 

observed positive results is that medications directly impact these outcomes, so 

improvements inevitably occur as patients become more adherent. For example, physical 

function may increase because improved medication adherence reduces or eliminates 

debilitating symptoms. Alternatively, the impacts of interventions may occur through 

indirect means. For example, outcomes such as quality of life and mood, which are more 

subjective in nature, may improve because patients believe they are actively contributing to 

management of their diseases by consuming prescribed medications.

The relatively modest SMDs suggest that multiple other factors may be directly or indirectly 

influencing the variables analyzed in this report. Also, because the primary goal in the 

studies was to improve medication adherence, the interventions may not have included 

content specifically directed at improving patient-centered outcomes. Further, the 

instruments used to measure patient-centered outcomes may not have had adequate 

sensitivity to detect improvements [35]. It is also possible some patients experienced new 

symptoms or decreased quality of life as a result of taking the medications to treat their 

conditions, thereby offsetting positive effects of interventions.

Quality of life in particular is an especially challenging construct to evaluate. A multiplicity 

of factors and circumstances can impact quality of life, and unreported negative influences 

in some patient samples may have offset any improvements resulting from the intervention 

itself. Moreover, patients may not be readily able to identify improvements in their quality 

of life in relation to their disease condition. This may be true especially for patients whose 

health conditions have few symptoms, such as hypertension. For silent diseases such as 

hypertension, even though medications will reduce complications from the disease, they 

may have short-term detrimental effects on symptoms or quality of life outcomes due to side 

effects. Longer follow-up times after interventions might be necessary to permit patients to 

more accurately assess whether their quality of life has improved as a result of increased 

medication adherence. Quality of life increasingly is recognized as an important component 

of health care [36]. One strategy that health care providers can use to motivate their patients 
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to become more medication adherent is pointing out improved quality of life as an important 

benefit of taking medications as prescribed.

This meta-analysis found that depressive symptoms, vitality/energy, pain, and respiratory 

and cardiac symptoms were improved among treatment subjects compared to controls 

following interventions. These findings were statistically significant for most subsamples. 

Some symptoms such as depressed mood are associated with poor medication adherence, so 

the results serve as further evidence of the link between patient symptoms and self-

management behaviors. Because patients experience disease-related symptoms on a daily 

basis, awareness that they feel better when they are adherent may be an important aspect in 

their decision-making process about whether or not to take medications.

Findings from this meta-analysis indicate that improved patient-centered outcomes are 

associated with medication adherence interventions even in cases where the intervention is 

not specifically designed to address these variables. In general, medication adherence 

interventions that have attempted to change health care provider behavior as a means of 

improving patient medication adherence have not focused on patient-centered outcomes and 

have resulted in only minor improvements in adherence [37]. Practicing clinicians tend to 

emphasize to patients the importance of taking medications in order to improve clinical 

outcomes such as reducing blood pressure or improving laboratory values. Perhaps greater 

clinician focus on patient-centered benefits of taking medications would be a more effective 

approach to increasing medication adherence. This approach might be most useful for those 

medications that have few negative side effects.

The limitations inherent in meta-analyses and specific to this project must be acknowledged. 

One limitation was the dearth of primary studies with patient-centered outcomes. Although 

the outcomes had overall positive SMDs, the relatively small number of primary studies 

limits confidence in the findings. Incomplete descriptions of intervention content and dose 

along with insufficient reporting of treatment fidelity and follow-up times in primary studies 

imposed further limitations on the meta-analysis. This project's focus was on widely 

recognized patient-centered outcomes including quality of life, symptoms, and physical 

function. However, empirical research needs to be conducted to confirm which outcomes are 

most important to patients depending on their life circumstances and the illnesses for which 

they are being treated.

This project was not focused on medication adherence behavior outcomes. Future 

comprehensive meta-analyses focused on medication adherence behavior outcomes that 

examine intervention characteristics such as content, dose, and interventionist in relationship 

to outcomes would be valuable. For example, the work of Kripalani, Yao, and Haynes 

should be updated with more recent studies, a more comprehensive search, and examination 

of more intervention characteristics [38]. The findings of such moderator analyses could be 

valuable for designing interventions that are effective to increase medication adherence 

behavior.

The diversity of studies included in the sample was both strength and a limitation. This 

diversity permitted investigation of whether medication adherence interventions as a whole 
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can have any impact on outcomes of importance to patients. The SMDs were significantly 

heterogeneous, which was expected given the clinical patient and methodological variations 

among primary studies. While heterogeneity permits moderator analysis to identify those 

demographic, design, and intervention variables that are influencing outcomes, a meaningful 

analysis is possible only when a sufficient number of studies reporting variables of interest 

are available. In the present study, moderator analysis of intervention content was hindered 

because many of the studies in the meta-analysis sample failed to provide sufficiently 

detailed description of intervention content. Sample size also restricted analysis of the 

effects of interventions on specific clinical populations; patient-centered outcomes are not 

always reported in medication adherence trials that focus on patients with specific diseases. 

Because studies conducted in different countries were included in the sample, it is also 

possible that differences in health care systems, political environments, and cultures affected 

intervention implementation and therefore influenced outcomes. As more medication 

adherence intervention studies accrue that report patient-centered outcomes, future meta-

analyses will be able to more fully explore heterogeneity via moderator analyses of both 

intervention and participant characteristics.

Sufficient numbers of studies were available for moderator analysis to assess whether study 

quality posed any risks for bias in the findings. Publication bias in the sample was 

problematic for some outcomes; in some cases, statistically significant studies were 

overrepresented in the sample. Given that the attention subjects receive when they 

participate in clinical trials can potentially impact outcomes, the paucity of attention control 

groups in the study sample is troubling. Confidence in findings of future studies would be 

strengthened by designs that incorporate components to reduce risks of bias.

Meta-analysis involving a survey of the literature is observational rather than experimental 

research, and the results of this synthesis therefore should be regarded as exploratory and 

hypothesis generating. Several directions for designing and reporting future research are 

evident from this analysis. Certainly more adherence intervention research is needed to 

examine outcomes of importance to patients. Design of such studies should minimize 

potential risks of bias such as use of attention control groups, masking of data collectors, and 

the like. Research designs should also incorporate measures of treatment fidelity to 

determine whether variations in intervention content or dose may be influencing results. Use 

of multiple follow-up times would permit assessment of the sustainability of outcomes. 

Reports of primary studies should include detailed information about intervention content 

and patient demographics including co-morbidities and the number and types of medications 

taken. Intervention studies linking adherence behavior with patient-centered outcomes 

would be informative.

Although the scope of this meta-analysis was limited by the number studies that examined 

patient-centered outcomes in relation to medication adherence interventions, it does suggest 

that these interventions can improve patient knowledge, increase quality of life, and 

decrease symptoms. More reporting of patient-centered outcomes in medication adherence 

research, especially in subsamples of patients having specific diseases, would permit more 

comprehensive examination of how these outcomes are impacted. Understanding the extent 
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and basis for that impact will permit tailoring of interventions to meet the needs of particular 

patient populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Identification and flow of potentially eligible studies through the systematic review
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Table 1

Characteristics of Primary Studies Included in the Meta-analysis Sample

Characteristic k Min Q 1 Mdn Q 3 Max

Mean subject age (years) 171 25.8 44.7 57 66 84.5

Total post-test sample size per study 176 10 49 87 155 1,340

Percentage attrition 147 0 0 10 22 81

Percentage female 172 0 41 56 63 100

Percentage non-Caucasian adults 60 0 26 55 75 100

Number of prescribed medications 32 2 3.3 5.25 6.3 10.4

Note. Includes all studies that contributed at least one effect size to the primary analyses.

k = number of comparisons providing data on characteristic; Min=minimum, Q1=first quartile, Q3=third quartile, Mdn=median, Max=maximum.
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Table 2

Random-effects Medication Knowledge, Quality of Life, and Function Effect Size Estimates and Statistics
a

k Effect Size p (ES) 95% Confidence Interval Standard Error I2 Q p (Q)

Medication knowledge, all 
samples

60 0.449 <.001 0.334, 0.564 0.059 76.510 251.175 <.001

    Medication knowledge, 
cardiovascular samples

14 0.611 <.001 0.115, 1.106 0.253 94.386 231.568 <.001

    Medication knowledge, 
pulmonary samples

6 0.547 .009 0.139, 0.954 0.208 78.557 23.318 <.001

    Medication knowledge, 
diabetes samples

3 0.303 .484 −0.544, 1.149 0.432 94.839 38.751 <.001

    Medication knowledge, HIV 
samples

3 0.455 .014 0.092, 0.819 0.185 0 1.930 .381

    Medication knowledge, non 
HIV infection samples

8 0.699 .045 0.015, 1.383 0.349 87.161 54.523 <.001

Quality of life, all samples 86 0.127 <.001 0.068, 0.186 0.030 51.071 173.723 <.001

    Quality of life, cardiovascular 
samples

23 0.183 .001 0.071, 0.295 0.057 41.524 37.622 .020

    Quality of life, pulmonary 
samples

33 0.148 .002 0.052, 0.244 0.049 35.372 49.514 .025

    Quality of life, diabetes 
samples

7 0.303 .111 −0.069, 0.675 0.190 90.927 66.132 <.001

    Quality of life, HIV samples 8 0.112 .426 −0.163, 0.386 0.140 73.995 28.887 <.001

Physical function, all samples 29 0.142 .005 0.044, 0.241 0.050 58.666 67.740 <.001

    Physical function, 
cardiovascular samples

13 0.190 .034 0.014, 0.365 0.089 67.288 36.684 <.001

k denotes number of comparisons, effect size (ES) is the standardized mean difference (d), I2 is the percentage of total variation among studies’ 
observed effect sizes due to heterogeneity, Q is a conventional homogeneity statistic.

a
Statistics reported when at least three effect sizes were available.
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Table 3

Random-effects Symptom Effect Size Estimates and Statistics
a

k Effect Size p (ES) 95% Confidence Interval Standard Error I2 Q p (Q)

All symptoms, all samples 62 0.182 <.001 0.105, 0.259 0.039 64.224 170.506 <.001

Depressive symptoms, all samples 31 0.222 <.001 0.127, 0.318 0.049 29.721 42.687 .062

    Depressive symptoms, cardiovascular 
samples

5 0.329 .003 0.113, 0.545 0.110 0 3.107 .540

    Depressive symptoms, diabetes samples 8 0.300 <.001 0.187, 0.414 0.058 0 3.179 .868

    Depressive symptoms, HIV samples 10 0.182 .160 −0.072, 0.436 0.129 60.149 22.584 .007

Anxiety symptoms, all samples 10 0.026 .765 −0.146, 0.198 0.088 24.338 11.895 .219

    Anxiety symptoms, HIV samples 5 −0.101 .319 −0.299, 0.098 0.101 0 3.869 .424

Vitality/energy symptoms, all samples 25 0.172 .011 0.040, 0.304 0.067 78.698 112.663 <.001

    Vitality/energy symptoms, cardiovascular 12 0.215 .038 0.012, 0.419 0.104 78.305 50.704 <.001

Pain, all sample 26 0.119 .008 0.030, 0.207 0.045 45.379 45.770 .007

    Pain, cardiovascular samples 10 0.180 .043 0.006, 0.354 0.089 51.656 18.617 .029

Respiratory symptoms, pulmonary samples 19 0.283 <.001 0.130, 0.437 0.078 58.217 43.079 .001

Cardiac symptoms, cardiovascular samples 5 0.450 .125 −0.125, 1.025 0.293 71.655 14.112 .007

k denotes number of comparisons, effect size (ES) is the standardized mean difference (d), I2 is the percentage of total variation among studies’ 
observed effect sizes due to heterogeneity, Q is a conventional homogeneity statistic.

a
Statistics reported when at least five effect sizes were available.
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