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Abstract
Background Poor adherence to oral antipsychotics is common in patients with schizophrenia; nonetheless, there has been 
no systematic review or meta-analysis on medication adherence measured by electronic adherence monitoring (EAM), 
considered by many as the ‘gold standard’ assessment.
Methods We systematically searched MEDLINE and Embase to identify studies investigating adherence to oral antipsychot-
ics using EAM in patients with schizophrenia spectrum disorder. There were no exclusion criteria. We looked at the meth-
odology in each study and defined which type of adherence was used in the study. Data on medication adherence, definition 
of satisfactory adherence (i.e., the threshold set in terms of the percentage of times medication was taken as prescribed), and 
factors associated with adherence were extracted for the included studies. Further, data on the rates of medication adherence 
were quantitatively synthesized.
Results A total of 19 studies involving 2184 patients were included. EAM-measured medication adherence was classified 
into three outcome types: taking adherence, regimen adherence, and timing adherence. The meta-analysis yielded oral 
antipsychotic adherence rates (defined as a continuous variable) of 71.1% for taking adherence [from seven studies, n = 256, 
95% confidence interval (CI) 58.0–84.1], 70.0% for regimen adherence (from five studies, n = 174, 95% CI = 63.6–76.4), 
and 64.9% for timing adherence (from four studies, n = 212, 95% CI 53.2–76.6), respectively. The proportions of patients 
with oral antipsychotic adherence, when defined as a dichotomous variable, ranged from 50 to 78.3% for the 70% threshold 
for satisfactory adherence, 29.8–75.7% for the 75% threshold, and 47.8–75.7% for the 80% threshold. Factors associated 
with poor medication adherence were greater symptom severity, more frequent dosing regimen, poorer insight, and more 
negative drug attitude.
Conclusions Oral antipsychotic adherence rates in schizophrenia, defined as a continuous variable and measured by EAM, 
were in the range of 70%, lower than the 80% threshold used widely to define satisfactory adherence.

1 Introduction

Treatment with antipsychotic medications is necessary in 
both the acute and maintenance phases of schizophrenia to 
improve symptoms and prevent relapse [1–3]. However, in 
schizophrenia, poor adherence to oral antipsychotics (e.g., 
defined as taking medications as prescribed 75% of the time 
or less) is common, with reported rates in the range of 50% 
[4, 5], and it is associated with an increased risk of relapse, 
re-hospitalization, and suicide [6]. Factors related to poor 
medication adherence include lack of insight into illness, 
substance abuse, negative attitude to medication, cognitive 
impairment, and poor therapeutic alliance [7–9].

Medication adherence is evaluated by various measures 
such as self-report, patient rating scales (e.g., Drug Attitude 
Inventory (DAI) [10], Brief Adherence Rating Scale (BARS) 
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[11]), clinician/caregiver rating scales (e.g., Brief Evaluation 
of Medication Influences and Beliefs (BEMIB) [12]), pill 
count, blood drug concentrations, and electronic monitoring. 
While patients’ or clinicians’ ratings are the most commonly 
used, these often overestimate medication adherence [13]. 
Notably, an expert consensus guideline identified electronic 
monitoring, pill count, and plasma drug levels as reliable 
assessments [14]. Pill counts can be complicated in track-
ing dispensed medication, while therapeutic drug monitor-
ing (TDM) struggles with precise thresholds for individual 
antipsychotics and inter- as well as intra-individual vari-
ability [15]. Among the different options for monitoring 
medication adherence, electronic adherence monitoring 
(EAM) such as the Medication Event Monitoring System 
 (MEMS®) is considered the gold standard [16]. This consists 
of a medication bottle cap with a microprocessor that records 
the occurrence and time of each bottle opening.

There have been a number of investigations evaluating 
medication adherence in schizophrenia using EAM [17–19]. 
However, there are substantial differences between studies 
in how medication adherence is calculated, in addition to 
how satisfactory medication adherence is defined. Moreover, 
to our knowledge there has been no meta-analysis to sum-
marize EAM-measured adherence to oral antipsychotics in 
schizophrenia. In light of this, we conducted a systematic 

review and meta-analysis to (1) summarize the methodology 
of EAM studies, (2) identify factors related to EAM-meas-
ured medication adherence, and (3) estimate overall EAM-
measured adherence to oral antipsychotics in schizophrenia.

2  Methods

2.1  Literature Search and Study Selection

Two authors (H.Y. and S.K.) independently conducted a sys-
tematic literature search in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [20]. MEDLINE (1946–present) and 
Embase (1947–present) were searched using the following 
keywords (schizophreni* OR schizoaffective OR psycho-
sis OR antipsychotic* OR neuroleptic*) AND ((electronic* 
AND monitor*) OR MEMS OR medication event moni-
toring system), with a limitation of English language (first 
search: August 5, 2018; last search: March 20, 2019). Stud-
ies that met the following eligibility criteria were selected: 
(1) investigating adherence to oral antipsychotics; (2) using 
EAM; and (3) including patients with schizophrenia spec-
trum disorders (i.e., schizophrenia, schizoaffective disorder, 
schizophreniform disorder, and delusional disorder). There 
were no exclusion criteria. Study selection was performed 
as follows: first, records were screened according to title and 
abstract, at which point the full text of articles was assessed 
for eligibility. Any disagreements in study selection were 
resolved by discussion with the senior corresponding author 
(H.T.).

2.2  Data Extraction

Two authors (H.Y. and S.K.) independently extracted the 
methodology from selected studies, including the definition 
of satisfactory medication adherence as well as the follow-
ing clinical outcome data: (1) oral antipsychotic adherence 
rates when defined as a continuous variable; (2) adherence 
rates as per dichotomous variable definition; and (3) factors 
associated with medication adherence/non-adherence. We 
looked at the methodology in each study and defined which 
type of adherence was used in the study. Any disagreements 
in data extraction were resolved by discussion with the sen-
ior corresponding author (H.T.). It should be noted that for 
a randomized controlled trial (RCT) comparing medication 
adherence between an intervention group (i.e., using EAM 
with an alarm function) and a treatment-as-usual (TAU) 
group (i.e., using EAM without the alarm function) [21], 
we only included the TAU group, given the possibility that 
the alarm function inflated medication adherence.

Key Points 

This is the first systematic review and meta-analysis of 
medication adherence, as measured by electronic adher-
ence monitoring (EAM) (considered the gold standard 
for assessment of adherence) in schizophrenia.

EAM-measured medication adherence was classified 
into taking adherence, regimen adherence, and timing 
adherence: the meta-analysis yielded oral antipsychotic 
adherence rates (defined as a continuous variable) of 
71.1%, 70.0%, and 64.9%, respectively.

Thresholds of 70%, 75%, and 80% were used across 
studies to define satisfactory medication adherence: the 
proportions of patients with oral antipsychotic adherence 
(defined as a dichotomous variable) ranged from 50% 
to 78.3%, 29.8% to 75.7%, and 47.8% to 75.7%, respec-
tively.

Oral antipsychotic adherence rates in schizophrenia, 
defined as a continuous variable and measured by EAM, 
were in the range of 70%, lower than the 80% threshold 
used widely to define satisfactory adherence.
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2.3  Data Analysis

We performed a meta-analysis of rates of adherence to oral 
antipsychotics as a continuous variable from studies if the 
data were provided. Pooled estimates of mean rates of EAM-
measured adherence to oral antipsychotics with two-sided 
95% confidence intervals (CIs) were calculated using a ran-
dom-effects model [22] by Comprehensive Meta-Analysis 
Version 2.0. The random-effects model was chosen because 
underlying true effects were assumed to vary between stud-
ies. Study heterogeneity was quantified using the I2 statistic, 
with an I2 value ≥ 50% indicating significant heterogeneity. 
Funnel plots were visually inspected to assess the likelihood 
of overt publication bias [23].

3  Results

3.1  Characteristics of Included Studies

A total of 19 studies, involving 2184 patients and detailed 
in 26 articles [11, 13, 17–19, 21, 24–43] met eligibility cri-
teria and were included in the systematic review (Fig. 1). 
Tables 1 and 2 summarize study characteristics and informa-
tion on antipsychotics. The studies were published between 
2004 and 2018, with study duration ranging from 1.5 to 
12 months. Two types of EAM were used in the studies; 
one was a bottle cap type such as  MEMS® (N = 16) [11, 
13, 17–19, 24, 25, 27–32, 34–43] and the other was a pill 
container type such as  DoPill® with or without an alarm 
function (N = 2 [26, 33] or N = 1 [21], respectively). The 
former embeds a microprocessor that records occurrence 
and time of each bottle opening in the bottle cap. The lat-
ter is an electronic dispenser with 28 compartments that 
can contain multiple pills and often has sensors that record 
the time of opening, but also visual and sound alarms that 
alert the user when it is time to take medications. Only two 
studies [24, 43] were conducted in a blind fashion, where 
medication adherence was measured without disclosure to 
participants. Most participants were diagnosed with schizo-
phrenia or schizoaffective disorder, and only one study [41] 
recruited patients with first-episode schizophrenia. Second-
generation antipsychotics (SGAs) were administered more 
frequently than first-generation antipsychotics (FGAs) in all 
studies; antipsychotic details were not reported in five stud-
ies [13, 33, 35, 36, 43], and daily dose was reported in only 
one study [42]. Patients receiving clozapine and long-acting 
injectable antipsychotics (LAIs) were excluded in two [24, 
32] and seven studies [17, 21, 24, 25, 29, 30, 32, 36, 43], 
respectively, while information regarding dosing regimen 
was provided in eight studies [13, 19, 24, 27–29, 32, 37–39].  

3.2  Medication Adherence

Electronic adherence monitoring-measured medication 
adherence can be classified in three dimensions: taking 
adherence, regimen adherence, and timing adherence [44]. 
Collectively, they represent three levels of adherence. The 
most liberal, taking adherence, was defined as the number 
of bottle cap openings divided by the number of prescribed 
doses during the monitoring period. At the next level, regi-
men adherence was defined as the percentage of days that 
the correct number of doses was taken, a more stringent 
definition. Timing adherence, the most stringent defini-
tion, was defined as the percentage of doses taken within an 
assigned time window. The majority of included studies did 
not clarify whether adherence data represented the primary 
or secondary outcome.

Table 3 addresses the methods of evaluating medication 
adherence. There were two strategies; the first assesses med-
ication adherence as a continuous variable (N = 14) [11, 13, 
21, 24–29, 31, 32, 34–40]. Figure 2 summarizes the results 
of the meta-analysis for oral antipsychotic adherence rates 
when defined as a continuous variable. The combined rates 
of taking adherence, regimen adherence, and timing adher-
ence were 71.1% (N = 7 [11, 26, 32, 34, 36, 37, 39], n = 256, 
95% CI 58.0–84.1, I2 = 94%), 70.0% (N = 5 [13, 24, 34, 36, 
37], n = 174, 95% CI 63.6–76.4, I2 = 59%), and 64.9% (N = 4 
[25, 27, 34, 37], n = 212, 95% CI 53.2–76.6, I2 = 95%), 
respectively. We performed a sensitivity analysis excluding 
one study [26] using the container type of EAM; the com-
bined rate for taking adherence was 71.8% (N = 6 [11, 32, 
34, 36, 37, 39], n = 230, 95% CI 57.2–86.3). Also, we per-
formed a sensitivity analysis excluding one study [32] with 
an outlying result; the combined rate for taking adherence 
was 77.0% (N = 6 [11, 26, 34, 36, 37, 39], n = 207, 95% CI 
67.3–86.8). All funnel plots were symmetrical, indicating 
no overt publication bias with regard to the outcomes. The 
second strategy is to treat medication adherence as a dichot-
omous variable and calculate proportion of patients with 
satisfactory medication adherence (N = 13) [11,13, 17–19, 
24–27, 29–31, 33–36, 39, 42, 43], defined using an arbitrary 
threshold. For example, it has been suggested by an expert 
consensus guideline that satisfactory adherence is defined 
as a patient taking ≥ 80% of prescribed medications [14]. 
Amongst the 13 studies addressing this issue, we identified 
three thresholds of dichotomous medication adherence, 
above which medication adherence had been defined as sat-
isfactory: 70%, 75%, and 80% were used in five [11, 13, 26, 
31, 33, 39], four [18, 19, 36, 43], and six studies [17, 24, 25, 
27, 29, 30, 39, 42], respectively. The proportions of patients 
with satisfactory oral antipsychotic adherence, defined as 
a dichotomous variable, ranged from 50 to 78.3% for the 
70% threshold, 29.8–75.7% for the 75% threshold, and 
47.8–75.7% for the 80% threshold of satisfactory adherence. 
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Medication adherence measures other than EAM included 
pill count (N = 9) [18, 21, 24, 25, 29, 34, 35, 41, 42], TDM 
(N = 5) [30, 34, 35, 41, 42], and patient- or clinician-rating 
scales [e.g., BARS, BEMIB, DAI, Visual Analogue Scale 
(VAS)] (N = 11) [11, 13, 17, 18, 24–26, 29, 31, 34, 36, 41, 
42]. Five studies examined the relationship between medica-
tion adherence measures: pill count, BARS, and self-report 
were associated with EAM in three studies [24, 30, 42], one 
study [11], and one study [34], respectively.

In terms of factors related to poor medication adherence, 
greater symptom severity, more frequent dosing regimen, 
poorer insight, and negative attitude to medication were 
identified in six [11, 19, 24, 25, 40, 41], three [24, 32, 37], 
two [18, 19], and two [17, 25] studies, respectively.

4  Discussion

To our knowledge, this is the first systematic review and 
meta-analysis of medication adherence as measured by EAM 
(considered the gold standard for assessment of adherence) 
in schizophrenia. The main findings are (1) rates of EAM-
measured adherence to oral antipsychotics, when defined as 
a continuous variable, approximated 70%; (2) thresholds of 
70%, 75%, and 80% were used across studies to define sat-
isfactory medication adherence; and (3) factors associated 
with poor medication adherence included greater symptom 
severity, more frequent dosing regimen, poor insight, and 
negative attitude toward medication.

The current meta-analysis revealed that the rates of EAM-
measured adherence to oral antipsychotics in schizophrenia, 

Fig. 1  PRISMA flow diagram. 
EAM electronic adherence 
monitoring, PRISMA Preferred 
Reporting Items for Systematic 
Reviews and Meta-Analyses
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defined as a continuous variable, were in the range of 70%. 
More specifically, the combined rates were 71.1%, 70.0%, 
and 64.9% for taking adherence, regimen adherence, and 
timing adherence, respectively, which notably diminishes 
as the stringency of definition increases. For comparison 
purposes, a meta-analysis evaluating EAM-measured medi-
cation adherence in chronic cardiovascular diseases reported 
ranges of 80.1–93.1% for taking adherence, 65.4–84.9% for 
regimen adherence, and 57.1–76.3% for timing adherence 
[44]. Further to this point, an observational study examining 
EAM-measured medication adherence in depressive disor-
ders reported a mean of 68.5% for taking adherence [45]. 
It remains, however, that there are few studies measuring 
medication adherence with EAM in psychiatric disorders 
other than schizophrenia. Summarizing, medication adher-
ence in schizophrenia may align with other psychiatric dis-
orders such as depression, but together may be poorer than 
has been established in medical illnesses such as chronic 
cardiovascular disease. We would add that the paucity of 
EAM studies across psychiatry prevents clear conclusions 
regarding medication adherence in schizophrenia versus 
other diagnoses.

Notably, oral antipsychotic adherence rates in schizo-
phrenia, defined as a continuous variable and measured by 
EAM, were in the range of 70%, lower than the 80% thresh-
old recommended by expert consensus and used widely to 
define satisfactory adherence. Therefore, the results of the 
current meta-analysis indicate wide-spread non-adherence 
to oral antipsychotics even using the most liberal classifi-
cation of adherence, taking adherence. Further, adherence 
in the global population of antipsychotic-taking patients 
may be even lower, as the current meta-analysis would 
have excluded a considerable proportion of patients already 
identified as non-adherent and receiving LAIs. In addition, 
EAM may actually be associated with increased medication 
adherence as participants may be aware adherence is being 
monitored, as was the case in 17 of the 19 studies included 
in our meta-analysis. However, one of the remaining two 
studies [24, 43] where EAM was not disclosed reported the 
mean rate of medication adherence as 66.1%, which calls 
into question this hypothesis [24]. This said, it would be 
valuable to use EAM in clinical practice if it is proven that 
patient awareness of monitoring improves adherence. It 
is also possible that the antipsychotic type may influence 
results; of note, SGAs were used more than FGAs in all 
included studies. Some studies reported that patients receiv-
ing SGAs demonstrated greater medication adherence and/
or a more positive attitude toward medications than those 
receiving FGAs [46–48], while other studies did not [38, 
49]. Because of inconclusive evidence, the relationship 
between the type of antipsychotics and medication adher-
ence remains controversial.
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The studies included in this systematic review used one 
of three cut-off points, 70%, 75%, and 80%, above which 
medication adherence was defined as satisfactory. The 
threshold of 70% was derived from research demonstrating 
that adherence to antipsychotics below 70% is associated 
with a greater risk of hospitalization in schizophrenia [50]. 
The threshold of 80% is recommended by an expert consen-
sus survey on medication adherence in schizophrenia [14], 
and was used most frequently in the included studies. Given 
that both continuous and dichotomous medication adherence 
data provide useful information, we suggest that both be 
reported. In doing so, we can explore how adherence rates, 
when defined as a continuous variable, correspond to figures 

where adherence is defined as a dichotomous variable, and 
vice versa.

The current systematic review identified that poor oral 
antipsychotic adherence, as measured by EAM in schizo-
phrenia, was associated with poorer insight into illness, 
greater illness severity, and greater complexity of dosing 
regimen, which aligns with the previous literature, which 
includes various adherence measures. A systematic review 
found that the main risk factors for medication non-adher-
ence in schizophrenia were younger age, substance abuse, 
poor insight, cognitive impairments, low level of education, 
minority ethnicity, poor therapeutic alliance, experience of 
barriers to care, high intensity of delusional symptoms and 

Fig. 2  Forest plots of the rates of adherence to antipsychotics. A Tak-
ing  adherencea. B Regimen  adherenceb. C Timing  adherencec. CI 
confidence interval. aNumber of bottle cap openings divided by the 

prescribed number of doses. bPercentage of days with the appropriate 
number of doses taken. cPercentage of doses taken within assigned 
intervals
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suspiciousness, and low socioeconomic status [5]. In addi-
tion to these factors, an expert consensus survey on medica-
tion adherence in schizophrenia listed treatment-associated 
factors such as fear of side effect, lack of efficacy, and com-
plexity of treatment regimen [14]. Certainly, simplifying 
dosing regimens may enhance medication adherence; for 
example, a meta-analysis of RCTs revealed that a once-
daily dosing regimen was associated with better medication 
adherence than twice-daily dosing in chronic cardiovascular 
disease [51]. Similarly, another meta-analysis indicated a 
consistent trend of better medication adherence with less 
frequent dosing regimens in chronic psychiatric disorders 
[52]. Indeed, at least some studies included in the current 
systematic review showed that dosing frequency was a bet-
ter predictor of medication adherence than antipsychotic 
type [24, 32, 37]. To our knowledge, though, no RCTs have 
been conducted to examine if simplifying dosing regimens 
improves medication adherence in psychiatric disorders.

It should be noted that EAM is not without its own limita-
tions; for example, because confirmation that the bottle was 
opened does not guarantee that the medication was taken, 
EAM may overestimate medication adherence. On the other 
hand, in the case where a patient moves medications from 
EAM to a pill case, EAM can also underestimate the medi-
cation adherence. Nonetheless, EAM provides important 
and useful information that can shed light on the type of 
gaps that may be occurring [16]. In addition, a systematic 
review reported that self-report, self-rating/clinician rating, 
and pill count overestimated medication adherence by 17%, 
6%, and 8%, respectively, compared to EAM [53]. As noted 
in Sect. 1, plasma concentrations of antipsychotics also 
offer only indirect information regarding actual adherence, 
and are subject to marked intra-, as well as inter-individual, 
variability [29]. Accordingly, at present, EAM remains the 
gold standard in measuring medication adherence. This may, 
of course, change as the field advances; for example, novel 
methods, such as the Proteus Digital  Health®, that can cap-
ture medication adherence more directly are now accessible 
as options. This particular system consists of ingestible sen-
sors and a wearable sensor patch, which can provide confir-
mation that the medication was ingested [54, 55]. As of yet, 
though, there are not enough data available to closely evalu-
ate this system [56]. In addition, systems of this sort call into 
play ethical issues related to autonomy, confidentiality, and 
privacy that are yet to be resolved [57, 58].

The present findings need to be interpreted in the context 
of several limitations. First, only studies published in English 
were included in the current systematic review, so there may 
be additional studies relevant to the topic. Second, the time 
course of medication adherence is another important topic, 
and is not addressed in this study. Third, a small number of 
studies were included in the meta-analysis to estimate over-
all EAM-measured adherence to antipsychotics. Moreover, 

significant study heterogeneity was identified for all three 
outcomes. Fourth, results of the current meta-analysis may 
not be representative of the global population; for example, 
a considerable proportion of patients already identified as 
non-adherent and receiving LAIs were excluded. Fifth, the 
findings may not be applied to specific patient populations 
such as first-episode and treatment-resistant schizophrenia; 
to this point, in the present investigation, only one study [41] 
and none exclusively included these specific populations, 
respectively. In line with this, the findings cannot expand 
to clozapine as no studies investigating adherence to clo-
zapine with EAM were identified in the literature search. 
While clozapine is associated with a higher rate of treatment 
continuation than other antipsychotics [59], it is surprising 
that only one study addressed clozapine adherence, using 
medication possession ratio (MPR) and reporting a range of 
66–75% [60]. Similarly, there have been no studies focusing 
on adherence to concomitant oral antipsychotics separately 
in patients receiving LAIs with EAM, whereas there have 
been a few investigating adherence to oral antipsychotics and 
LAIs together [18, 28].

5  Conclusions

Oral antipsychotic adherence rates in schizophrenia, when 
defined as a continuous variable and measured by EAM, 
were in the range of 70%, lower than the 80% threshold 
used widely to define satisfactory adherence. There remain 
important questions that require further investigation, e.g., 
what constitutes a threshold that impacts response and nega-
tive outcomes (e.g., relapse, hospitalization, and suicide), 
what is the impact of patterns of nonadherence, and what 
are the possible differences in nonadherence as a function 
of antipsychotic type. EAM continues to provide benefits in 
addressing such questions.
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