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Abstract

Importance—Medication non-adherence, which has been estimated to affect 28-31% of US 

patients with hypertension, hyperlipidemia, and diabetes, may be improved by electronic 

medication packaging (EMP) devices.

Objective—To investigate whether EMP devices are associated with improved adherence and to 

identify and describe common features of EMP devices.

Evidence Acquisition—We systematically reviewed peer-reviewed studies testing the 

effectiveness of EMP systems in the MEDLINE, EMBASE, PsycINFO, CINAHL, and 

International Pharmaceutical Abstracts databases from searches conducted to June 13, 2014. We 

extracted the associations between the interventions and adherence, as well as other key findings. 

We assessed each study for bias using the Cochrane Handbook for Systematic Reviews of 

Interventions. We qualitatively assessed features of EMP devices and interventions.

Results—37 studies (32 randomized and 5 non-randomized) including 4,326 patients met review 

criteria: 10 patient-interface-only “simple” interventions and 29 “complex” interventions 

integrated into the health care system (2 qualified for both categories). Overall, the effect 

estimates for mean adherence ranged from -2.9 to 34.0% and the effect estimates for the 

proportion of patients defined as adherent ranged from -8.0 to 49.5%. We identified 5 common 

EMP characteristics: recording dosing events and storing a record of adherence, audiovisual 

reminders to cue dosing, digital displays, real-time monitoring, and providing patients with 

adherence performance feedback.

Conclusion and Relevance—Many varieties of EMP exist. However, data supporting their 

use are limited, with variability in the quality of studies testing EMP devices and evidence of 

reporting bias. Devices that are integrated into the care delivery system and that are designed to 

record dosing events are most frequently associated with improved adherence. Higher quality 

evidence is needed to determine the effect, if any, of these low cost interventions on medication 

nonadherence and to identify their most useful components.
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Introduction

Medication nonadherence is a common and increasingly recognized problem in health care 

delivery.1,2 Medication non-adherence is common among US patients with hypertension 

(28% nonadherence), hyperlipidemia (28%), and diabetes (31%).3 Non-adherence has been 

linked to important adverse health effects including stroke in hypertensive patients, higher 

viral load in patients with HIV, and hospitalization and mortality in patients with heart 

failure. 4-6 Medication non-adherence is also common in resource limited settings. 

Incomplete adherence has been identified as a mechanism for the development of drug 

resistance in tuberculosis, malaria, and HIV.7 Improved adherence could improve mortality 

from chronic noninfectious conditions, like cardiovascular disease, that continue to increase 

their relative disease burden in resource limited settings.8 Thus, addressing non-adherence is 

a worldwide priority.9

Patient education, self-monitoring programs, family therapy, psychological therapy, 

telephone follow-up, and other supportive care measures have shown variable effectiveness 

in reducing medication nonadherence.10 However, many of these interventions are resource-

intensive, and require well-integrated health care systems. Addressing adherence through 

health information technology (HIT) is an alternate approach. Electronic pill monitors can 

now greet patients and remind them to take their medications, and provide alerts to 

physicians or other caregivers when preprogrammed drug-use schedules are missed.11 Such 

tools may help overcome troublesome aspects of other adherence interventions, such as 

unspecified content, variable delivery methods, and impracticality for clinical practice 

settings.12 As a result, HIT could promote efficient and low-cost improvements in 

adherence.13

To study the application of one form of HIT to medication non-adherence, we conducted a 

systematic review of the association of electronic medication packaging (EMP) with 

medication adherence. We identify and describe common features of EMP devices. EMP 

encompasses electronic devices integrated into the containers in which pills, inhalers, or 

other products are dispensed. EMP is applicable in resource-poor settings because it requires 

little health care system infrastructure, although it can also be used as part of complex 

interventions.

Methods

Data Sources

We systematically searched the MEDLINE, EMBASE, International Pharmaceutical 

Abstracts (IPA), and PsycINFO databases using the OvidSP gateway, and CINAHL and 

Sociological Abstracts via their respective interfaces, through October 1 2013. Literature 

reviews in related subject areas and the literature cited in known studies aided in formulating 

the search strategy and identifying a comprehensive list of search terms. In the OvidSP 

gateway, we conducted the following Boolean search: ((medication adherence or patient 

compliance).sh. or adheren*.ti,ab. or non-adheren*.ti,ab. or nonadheren*.ti,ab. or non-

complian*.ti,ab. or noncomplian*.ti,ab.) and (prescription drug.sh. or drug*.ti. or 

medicat*.ti,ab. or pharmacother*.ti,ab. or pill*.ti,ab. or prescri*.ti,ab.) and ((technology.sh. 

Checchi et al. Page 2

JAMA. Author manuscript; available in PMC 2015 September 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



or alarm*.ti,ab. or device*.ti,ab. or digital*.ti,ab. or electronic.ti,ab. or monitor*.ti,ab. or 

remind*.ti,ab. or remote.ti,ab. or technolog*.ti,ab.)). We performed similar searches within 

the other databases. All searches were conducted in the English language. Search results 

were imported into a single grouping using EndNote X5, and screened for duplicate entries. 

A follow-up search using the same criteria conducted on June 13 2014 did not find any new 

studies after October 1, 2013, but revealed one publication of a previously-identified study 

that reported data from a later follow-up date, so we used these updated data in our analyses.

Study selection

Studies were included if: (1) they involved EMP, defined as electronic adherence-promoting 

devices integrated into the packaging of a prescription medication; (2) the medication at 

issue was a tablet, capsule, eye drop, topical cream, or inhaled agent prescribed on a routine 

ongoing schedule of administration; and (3) the authors reported results from a study testing 

the effect of the EMP on medication adherence. Both studies reporting the effect of the EMP 

on the proportion of adherent patients (typically defined as medication possession ratio 

≥80%; with medication possession ratio defined as the number of days with medication 

supply/number of days in observation interval) and studies reporting the effect on the mean 

level of adherence were considered. Studies acceptable for inclusion were randomized, 

nonrandomized, controlled, prospective, or retrospective study designs. Case reports were 

excluded.

We excluded studies that reported on health outcomes without showing adherence data 

because they could not show that the effects on health outcomes were necessarily associated 

with differences in adherence. Our definition of EMP excluded other HIT adherence 

interventions, such as multi-pill dispensers and mobile phone-based interventions. We 

excluded studies of medications prescribed on as-needed bases. Studies of children or other 

patients whose adherence was mediated through another party were excluded.

To reach consensus on applying these criteria, two authors (KDC and ASK) reviewed a 10% 

sample of the search results independently and compared their results. One author (KDC) 

then screened the remaining abstracts and titles to identify studies for further review. 

Manual reference mining of studies and other reviews supplemented the search results.

Data extraction and analysis

Data were extracted (KDC) and checked (KFH, ASK), with disagreements resolved by 

consensus. Variables included: device name and major features; medication(s) studied; 

number of patients studied; study length; adherence outcomes; and supplemental findings 

including health outcomes, cost effectiveness results, and satisfaction surveys. The studies 

were separated into relevant categories to facilitate evaluation. We first divided studies into 

whether the EMP interfaced directly with the patient alone (“patient-interface only”), was 

part of a broader intervention in which a physician, pharmacist, or other health professional 

would engage the patient in a targeted intervention to increase adherence with or without 

using EMP derived data (“integrated”), or studied both patient-interface-only and integrated 

types of interventions. For example, in patient-interface-only interventions, patients would 

receive their prescriptions in EMP only; by contrast, in integrated interventions, patients 
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would receive their prescriptions in EMP and also receive additional interventions from 

health professionals to improve adherence, which could be centered on the EMP adherence 

data.

We reviewed the methods of each study to understand which EMP elements each device 

used. The devices were categorized into the following mutually exclusive groups: adherence 

recorder only; adherence recorder and audiovisual alarm; adherence recorder and liquid 

crystal display; adherence recorder, audiovisual alarm, and liquid crystal display; and 

adherence recorder and real time monitoring. We also noted whether the adherence 

monitoring data collected by the EMP device was used to provide feedback on performance 

to the patient. This information enabled us to qualitatively identify and describe common 

features of EMP devices. We estimated the adherence effect in each study as the difference 

in the proportion of patients adherent or the difference in mean level of adherence with its 

accompanying 95% confidence interval, and present results graphically by means of a forest 

plot.

Following data extraction, one author (KDC), unblinded to the results, assessed the studies 

for bias using the guidelines outlined in the Cochrane Handbook for Systematic Reviews of 

Interventions.14 Studies were assessed for selection, detection, attrition, reporting, and other 

sources of bias. Selection bias was determined based on whether the method of sequence 

generation was a high-quality method such as random number generation, coin tossing, or 

minimization versus low-quality methods such as date of birth, or alternating order and 

whether the allocation order was adequately concealed from those recruiting participants. 

Detection bias was based on whether the participants and the personnel conducting the study 

were blinded to participants’ trial arm allocations. Attrition bias was determined by the 

magnitude of participants lost to follow-up, whether the dropout was even or uneven 

between trial arms, and whether any differences could be detected between those who 

completed the study and those lost to follow-up. Selective reporting was determined based 

on whether the study provided the expected measures of adherence based on the data 

available to the researchers, ideally but not necessarily based on a pre-registered trial 

protocol. We also included a domain that would capture any additional sources of bias other 

than those already specified. As an additional step, a funnel plot was created and examined 

for evidence of publication bias.

Results

Search results and study sample

The search identified 11,511 publications, of which 11,366 were deemed irrelevant after 

reviewing the titles and abstracts. Among the remaining 145 articles, 102 were excluded 

after full-text review because they did not meet inclusion criteria. The 43 remaining articles 

described 37 unique studies including 4,326 patients, of which 10 were patient-interface 

only and 29 were more complex interventions integrated into broader systemic interventions 

(Figure 1).15-58 Two of the studies contained multiple intervention groups that qualified for 

both categories.18,21
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The final sample of studies (29 randomized controlled trials [RCTs], 3 crossover RCTs, 4 

observational, 1 cohort) included experiences with 17 different devices and 14 different 

medical conditions: hypertension – 9; HIV – 6; psychiatric disorders – 4; diabetes/ 

hyperglycemia – 3; glaucoma – 3; asthma – 2; heart failure – 2; smoking cessation – 2; 

chronic obstructive pulmonary disease – 1; hyperlipidemia – 1; hyperparathyroidism – 1; 

inflammatory bowel disease – 1; platelet inhibition – 1; and renal transplant – 1. The number 

of patients ranged from 5 to 1,523 (median 50, interquartile range [IQR]: 25-133), and the 

interventions lasted from 1 to 24 months (median 5.5, IQR: 3-9). There were 22 studies of 

simple recorders, 6 of recorders with audio and or visual reminders, 5 of recorders with 

digital displays, 5 of recorders with audiovisual reminders and digital display, and 1 study of 

a device using real-time wireless monitoring. Examples of these features can be observed in 

Image 1, which contains pictures of representative devices.

Patient-interface vs integrated interventions

Table 1 shows the studies of patient-interface-only devices. The majority of these studies 

did not find statistically significant improvements in adherence, when comparing the 

intervention to the control groups. For the effect of EMP on the proportion of patients who 

were adherent, the range of the increase was 1.0% to 49.5%. For the effect of EMP on mean 

levels of adherence, the range was from a decrease of 2.9% to an increase of 14.6%.

A larger number of studies assessed integrated interventions (Table 2). For the effect of 

EMP on the proportion of patients who were adherent, the range was -8.0% to 33.5%. For 

the effect of EMP on mean levels of adherence, the range was from 1.0% to 14.6%.

Two studies had multiple trial groups that enabled direct comparison of patient-interface-

only and integrated interventions.18,21 McKenney found that integrated interventions were 

more successful, and increasing the intensity of the interventions was associated with 

marginally higher improvements in adherence; that is, numerically increased levels of 

adherence were seen, but the 95% confidence intervals largely overlapped.21 Adherence 

among hypertensive patients receiving medication containers was 94% with a digital 

display, higher for those receiving a digital display along with cards to record home and 

office blood pressure values (99%), and highest for those receiving the digital display, card, 

and a blood pressure cuff (100%, p<0.01 for all three treatments compared to standard).21 

Kooy et al. found adherence was lower in a group with EMP and counseling as compared to 

EMP alone; however, adherence in both intervention groups was above average (70.4% vs. 

72.6%) and the difference was not statistically significant.18

Methodological quality and risk of bias assessments

The methodological quality and risk of bias assessments are available in Table 3. Patient-

interface-only interventions generally had lower risks of provider bias, which was more 

common in complex interventions that were characterized by providers delivering the active 

interventions. By electronically collecting the primary adherence outcome data, EMP 

naturally minimized the risk for assessor bias in studies whose main outcome was based on 

electronic adherence data. Other potential bias resulted from investigators’ using different 

measures of adherence for the intervention and control groups; however, this applied to only 
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3 studies. Visual inspection of the funnel plot reveals some asymmetry, suggesting that 

smaller studies with smaller effect sizes are under-represented in the literature (Figure 3). If 

present, such bias results in a more favorable assessment of the overall body of evidence.59

Description of various EMP features

We identified 5 common features of EMP devices and interventions: recording dosing 

events and storing a record of adherence, audiovisual reminders to cue dosing, digital 

displays, real-time monitoring, and providing patients with adherence performance feedback 

(Figure 2).

Recorder and storage functions were included in every EMP device reviewed, making it the 

only feature present in all of the EMPs in our sample. While some devices recorded dosing 

events to provide accountability, the storage and export of adherence performance records 

also enabled complex interventions to be tailored to patient adherence patterns.

Digital displays and audiovisual reminders were the next most common feature of EMP 

devices. Digital displays were analyzed in 9 studies.21-23,52-55,57,58 Information provided by 

the digital displays included: the time the bottle was previously opened; the amount of 

elapsed time since the last opening, and/or the number of times the container had been 

opened on that day. Audio or visual reminders to cue dosing, which included auditory beeps 

or flashing lights to cue dosing, were also found in 9 studies in our sample.17-23,51,58

The only device that recorded adherence using real-time monitoring via an integrated 

antenna did not show a significant improvement in adherence, except when the real-time 

monitoring was combined with short messaging service (SMS) text reminders; however, the 

mobile phone component of these interventions of these studies was outside of the scope of 

this review.26

Providing patients with feedback based on their electronically monitored adherence patterns 

was a frequent component of the integrated EMP interventions. Examples of providing 

feedback to patient's included providing patients with graphical display of their adherence,52 

providing adherence performance to clinicians for use in routine patient encounters,44 and 

having dedicated sessions apart from clinical patient encounters to discuss adherence 

performance and devise improvement strategies.48

We found that apart from the baseline monitoring and storing function present in all devices, 

the feature most frequently associated with improved adherence was combining digital 

displays that show the last time of container opening with audible reminder alarms and 

including EMP as a component of complex interventions.

Other findings

Ten studies reported noteworthy findings in addition to the association of the intervention on 

adherence. These fell into 3 categories: subjective patient perceptions (4 studies),22,48,55,58 

factors other than EMP that affected adherence (3),44,52,53 and potential risks of EMP 

(3).16,35,45
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In the studies we examined, patients asked about EMP tended to view their devices 

positively. 22,48,55,58 Surveyed patients preferred smaller devices and the ability to disable 

device alarms when in public.55 Additionally, all 3 studies that compared adherence on 

weekdays to weekends found that adherence was worse on weekends, with one study also 

finding that evening doses were omitted more frequently than morning doses.44,52,53

Three studies highlighted potential problems related to uptake of EMP. Wagner et al. 

conducted a study using multiple measures of adherence and found that the self-reported 

adherence of patients using electronic caps declined in four weeks, which raised “concerns 

about the potential harmful effects of restricting the use of common adherence strategies 

such as pill organizers and ‘pocketing’ doses, which are requirements associated with 

electronic monitoring.”16 Another concern emerged from studies investigating use of EMP 

for psychiatric drugs. One study found that psychiatric patients’ self-reported adherence to 

these drugs was actually lower than their electronic adherence record,45 while another 

discovered that patients in the monitored group ended the study with higher levels of 

anxiety, depression, and somatic complaints compared to the control group.35 Both studies 

concluded that patients with psychiatric disease may have difficulty adjusting to EMP.

Discussion

In this systematic review of studies evaluating EMP, we found that patient-interface-only 

and integrated interventions can be associated with increased medication adherence, 

although most studies evaluating EMP were short-term interventions with limited numbers 

of patients. Within the limited scope of these studies, simple devices that monitor and store 

adherence records and devices that combine digital displays with audible reminder alarms 

appeared to be the most useful characteristics of EMP devices at improving adherence.

Our review indicated that EMP interventions with greater complexity and integration into 

the health care system were frequently associated with improved adherence. The model of 

patient-centered care suggests that feedback to patients may also improve adherence,60 

although the studies that we found did not clearly establish an added benefit of the practice. 

One explanation may be that feedback was tested in the context of other confounding 

interventions, such as patient education and providing patients with medical equipment like 

blood pressure cuffs. Additional studies will be needed to better determine whether feedback 

promotes adherence related to EMP, and if so, whether the type of mechanism of the 

interaction between feedback and the performance of EMP interventions may help develop 

better approaches to improving adherence more generally.

An unexpected qualitative observation was that EMP could be associated with adverse 

outcomes in some settings, such as in patients who use pill organizers and in patients with 

psychiatric illnesses. EMP may be most helpful when it augments an established 

organizational routine, or imposes a routine if one does not exist. In the limited 

circumstances in which EMP has paradoxical effects, it may interfere with an established 

medication adherence habit. In light of these observations, implementation of EMP could 

target patients who do not have effective medication adherence patterns already in place.
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Numerous studies had methodological problems such as nonrandomized designs, and many 

showed improvements that did not reach statistical significance. Our inclusive definitions of 

EMP and study designs also led to substantial heterogeneity in our results and ruled out the 

possibility of conducting a meta-analysis. Publication bias is another consideration since the 

funnel plot is consistent with the possibility that smaller studies with less favorable effects 

of EMP interventions may not have been submitted to journals for publications. In analyzing 

the results, we relied to a greater extent on the larger prospective trials of EMP interventions 

that met conventional criteria of significance. In addition, most studies lasted less than 6 

months. Longer-term evidence is needed regarding use of EMP in patients with chronic 

illness, since EMP, like some other adherence interventions, may lose its effect over time.10

This review was limited to English language articles and excluded studies of children; the 

global issue of medication adherence and the complex issue of medication adherence for 

children merit attention in subsequent analyses. This review also focused on studies that 

measured adherence and excluded studies that reported- health outcomes but did not include 

adherence. While secondary analyses indicated that studies that found improved adherence 

using EMP also had improved health outcomes, measuring the impact of EMP on health 

outcomes, and costs of care, should be a goal of future investigation.

Conclusion

We found that many varieties of EMP exist, although the data on any one of them are 

limited and there is variability in the quality of studies testing EMP devices with some 

evidence of reporting bias. Higher quality evidence is needed to determine the effect, if any, 

of these low cost interventions on the critical problem of medication nonadherence. Further 

study is also needed to identify the active intervention components of these complex 

interventions. Experiments in the US and around the world are currently underway to test 

integrated models of medical care delivery—using patient-centered homes, telemedicine, or 

other similar tools—and our review suggests that greater study is needed about the role for 

innovative EMP tools in these contexts to improve medication adherence.
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Image 1. Examples of Electronic Medication Packaging
Left, Medication Event Monitoring System 6 SmartCap (Aardex), which stores patients’ 

adherence record and, in this model, uses an LCD screen with a central number 

corresponding to vial openings since midnight and (not shown) indicators around the central 

number corresponding to hours since the last opening. Right and Inset, Prescript TimeCap 

(Wheaton Medical Technologies), which stores patients’ adherence records, uses an LCD 

screen with the time and day when the container was last opened and cues dosing with an 

audible beep and flashing LCD screen.
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Figure 1. Study flow diagram
Flow diagram derived from Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA). This diagram reports results of search through October 1 2013; a 

follow-up search through June 13 2014 revealed a publication reporting updated data from 

one of the publications identified here, so the updated data were used in our analysis.

* Of the 10 ‘patient only’ and 29 ‘integrated’ studies, 2 studies had one trial arm that fell 

into both categories, resulting in 37 studies in total.
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Figure 2. Difference in level of adherence at individual study level, grouped by type of 
intervention
* Actual level of adherence by group not reported.

Studies are ordered by increasing effect size. Studies for which insufficient information was 

available to estimate 95% confidence intervals are displayed using squares. Type of device: 

1=Adherence recorder only; 2=Adherence recorder and audiovisual alarm; 3=Adherence 

recorder and liquid crystal display; 4=Adherence recorder, audiovisual alarm, liquid crystal 

display; 5=Adherence recorder and real time monitoring. Certain studies from Tables 1 and 

2 are not included in this Figure either because the type of statistic reported or missing 

descriptive statistics prevented inclusion. Two studies assess both patient-interface-only and 

integrated interventions and are therefore included in both categories.
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Figure 3. Funnel plot with pseudo 95% confidence limits, grouped by type of intervention
Subset of 20 studies (representing 25 effect estimates) for which the standard error of the 

difference in adherence could be estimated; includes both studies reporting the proportion of 

patients adherent and studies reporting the mean level of adherence. Nine effect estimates 

relate to patient interface only studies, and 16 effect estimates relate to integrated 

intervention studies.
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Table 3

Methodological quality and risk of bias assessment summary

Citation Study Design Random 
sequence 
generation 
(selection 
bias)

Allocation 
concealment 
(selection 
bias)

Blinding of 
participants 
and 
personnel 
(detection 
bias)

Blinding 
of 
outcomes 
assessment 
(detection 
bias)

Incomplete 
outcome 
data 
(attrition 
bias)

Selective 
reporting 
(reporting 
bias)

Other 
(different 
outcomes 
for trial 
arms)

15 Barrios, 2007 RCT Unclear Unclear High Unclear Low Low High

16 Wagner, 2002 RCT Unclear Unclear High Unclear Low Low High

17 Christensen, 2010 Crossover RCT Unclear Unclear Unclear Low Low Low Low

18 Kooy, 2013 RCT Low High High Low Unclear Low Low

19 Charles, 2007 RCT Low Low Low Low Low Low Low

20 Hollo, 2008 Observational N/A N/A Low Low Low Low Low

21 McKenney, 1992 RCT Unclear Unclear Low Unclear Low Low Low

22 Santschi, 2007 Crossover RCT Low Unclear High Low Low Low Low

23 Laster, 1996 Crossover RCT Unclear Unclear Low Low Low Low Low

24,25,26 Vervloet, 2010 & 
2011

RCT Low Low High Low Low Low Low

27 van Onzenoort, 2011 RCT Unclear Unclear Low Low Low Low Low

28,29 Murray, 2004 & 
2007

RCT & CEA Low Low High Low Low Low Low

30,31 Tashkin, 1991& 
Nides, 1993

RCT High High High Low Low Low Low

32,33 De Bruin, 2010 a & 
b

RCT Unclear High High Low Low Low Low

34 Wu, 2012 RCT Unclear Unclear High Low Low Low Low

35 Elixhauser, 1990 RCT High High High Low Low Low Low

36 Sabin, 2010 RCT Low High High Low Low Low Low

37 Mooney, 2007 RCT Unclear Unclear High Low Unclear Low Low

38 Rigsby, 2000 RCT Low Low High Low Low Low Low

39 Forni Ogna, 2012 RCT Unclear Unclear High Low Unclear Low Low

40 Schmitz, 2005 RCT Unclear Unclear High Low Unclear Low Low

41 Cramer, 1999 RCT Unclear Unclear High Low Low Low Low

42 Matsuyama, 1993 RCT Unclear Unclear Low Low Low Low High

43 Kozuki, 2006 RCT Unclear Unclear High Low Low Low Low

44 Kruse, 1994 Observational N/A N/A High Low Low Low Low

45 Kozuki, 2005 Observational N/A N/A High Low Low Low Low

46 Onyirimba, 2003 RCT Unclear Unclear High Low Low Low Low

47,48 Russell, 2010, 2011 RCT Unclear Unclear High Low Low Low Low

49 Waeber, 1999 Observational N/A N/A High Unclear Low Low Low

50 Matteson, 2011 RCT Low Low High Low Low Low Low

51 Okeke, 2009 RCT Low Low High Low Low Low Low

52 Davies, 2010 RCT Unclear Unclear Unclear Low Low Low Low
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Citation Study Design Random 
sequence 
generation 
(selection 
bias)

Allocation 
concealment 
(selection 
bias)

Blinding of 
participants 
and 
personnel 
(detection 
bias)

Blinding 
of 
outcomes 
assessment 
(detection 
bias)

Incomplete 
outcome 
data 
(attrition 
bias)

Selective 
reporting 
(reporting 
bias)

Other 
(different 
outcomes 
for trial 
arms)

53 Mengden, 2006 RCT Unclear Unclear High Low Low Low Low

54 Forni Ogna, 2013 RCT Low Unclear High Low Low Low Low

55 De Bruin, 2005 Observational N/A N/A High Low Low Low Low

56,57 Ruppar, 2010 a & b RCT Low Low High Low Low Low Low

58 Rosen, 2004 RCT Unclear Unclear High Low Unclear Low Low

RCT=Randomized controlled trial; CEA = cost effectiveness analysis; N/A=not applicable
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