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Background: A previous systematic review reported that increase in patients’ medication 

cost-sharing reduced patients’ adherence to medication. However, a study among patients with 

medication subsidies who received medication at no cost found that medication nonadherence 

was also high. To our knowledge, no study has evaluated the influence of different medication 

payment schemes on patients’ medication adherence.

Objective: This study aims to review research reporting the influence of payment schemes 

and their association with patients’ medication adherence behavior.

Methods: This study was conducted using systematic review of published articles. Relevant 

published articles were located through three electronic databases Medline, ProQuest Medical 

Library, and ScienceDirect since inception to February 2015. Included articles were then 

reviewed and summarized narratively.

Results: Of the total of 2,683 articles located, 21 were included in the final analysis. There were 

four types of medication payment schemes reported in the included studies: 1) out-of-pocket 

expenditure or copayments; 2) drug coverage or insurance benefit; 3) prescription cap; and 

4) medication subsidies. Our review found that patients with “lower self-paying constraint” were 

more likely to adhere to their medication (adherence rate ranged between 28.5% and 94.3%). 

Surprisingly, the adherence rate among patients who received medication as fully subsidized 

was similar (rate between 34% and 84.6%) as that of other payment schemes. The studies that 

evaluated patients with fully subsidized payment scheme found that the medication adherence 

was poor among patients with nonsevere illness.

Conclusion: Although medication adherence was improved with the reduction of cost-

sharing such as lower copayment, higher drug coverage, and prescription cap, patients with 

full-medication subsidies payment scheme (received medication at no cost) were also found to 

have poor adherence to their medication. Future studies comparing factors that may influence 

patients’ adherence to medication among patients who received medication subsidies should 

be done to develop strategies to overcome medication nonadherence.

Keywords: medication payment scheme, drug cost, medication adherence

Introduction
Adherence to medication refers to whether patients take their medications as prescribed 

and continue taking the prescribed medications.1 It involves active, voluntary, and 

collaborative participation from patients in mutually acceptable course of behavior to 

produce therapeutic result.2 Adherence to medication is important especially in patients 

with chronic illness to prevent disease-related complication, improve quality of life, 

and extend life expectancy. Although medication adherence is important, the rate of 

patients’ adherence to medication is somewhat disturbing. According to reports by the 

World Health Organization, only 50% of patients with chronic disease adhere to their 

Correspondence: ernieda Hatah
Faculty of Pharmacy, Universiti 
Kebangsaan Malaysia, Jalan Raja Muda 
Abdul Aziz, 50300 Kuala Lumpur, 
Malaysia
email ernieda@ukm.edu.my

Journal name: Patient Preference and Adherence
Article Designation: Review
Year: 2016
Volume: 10
Running head verso: Aziz et al
Running head recto: How payment scheme affects adherence to medications
DOI: http://dx.doi.org/10.2147/PPA.S103057

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/PPA.S103057
mailto:ernieda@ukm.edu.my


Patient Preference and Adherence 2016:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

838

Aziz et al

medications.3 The situation is reported to be poorer in devel-

oping countries due to restricted accessibility to medications 

and health care services.3,4 Poor adherence to medication is 

reported to be multifactorial. It may be caused by various 

reasons such as failure to collect or renew the prescription, 

failure to take medication at the prescribed dosage or inter-

val, and also failure in being persistent or total negligence of 

medication regimen.5 Financial burden such as high cost of 

medication, medications not covered by insurance, and high 

out-of-pocket expenses for medication was also reported as 

a significant barrier to medication adherence.6

Patients with chronic illness who need to pay their 

medication at higher cost (self-paying payment scheme) were 

more likely to restrict the use of medication.7 In a study in the 

USA, approximately one-quarter of older patients forgo their 

prescription medications due to the high cost of medication.8 

Similarly, Zheng et al also reported that patients who paid 

the cost of medication themselves were more likely to be 

nonadherent than patients with private insurance.9 In their 

study, high out-of-pocket expenses for medication therapy 

had negative effect on medication adherence.9 Interestingly, 

the same study reported that patients who received the gov-

ernment subsidies, a different payment scheme, had higher 

cost-related nonadherence (CRN) rate than patients with 

private insurance coverage payment scheme.9 A similar find-

ing was also reported by Hasalli who conducted a study on 

returned unused medication at a public hospital in Malaysia.10 

In his study on patients with government subsidized scheme 

whose medications were provided as free-of-charge, he 

found that the returned unused medication was high with 

an average cost of RM42.35 per patient. One of the reasons 

perceived for the high rate of returned unused medication 

was medication nonadherence. It was postulated that the 

cost of returned unused medication across public hospitals 

in Malaysia may exceed a few million dollars per year.10 The 

studies discussed earlier show that the types of medication 

payment schemes may have different impacts on patients’ 

behavior of medication adherence.

Although many studies have evaluated the association of 

medication cost with nonadherence, it is unknown how medi-

cation payment scheme may influence patients’ behavior of 

medication adherence. A previous systematic review of patient 

cost-sharing and its effect on medication adherence reported 

that there was a clear relationship between increased cost-

sharing with decrease in medication adherence and patients’ 

health outcomes.11 The authors suggested that a reduction of 

patient cost-sharing in pharmacy bill could increase patients’ 

adherence to their medication and thus reduce unnecessary use 

of health care resources and total medical costs.11 However, 

as presented earlier, the adherence pattern among patients 

whose medications were fully subsidized was also reported 

to be poor. Understanding the relationship between method of 

payment for medication and its effects on patients’ adherence 

to medication will help exploring the monetary effects on 

nonadherence. The current study, therefore, aims to 1) explore 

patients’ adherence to medication under different medication 

payment schemes and 2) to understand potential factors that 

may influence such results.

Methodology
This study was conducted using systematic review of previ-

ous literature on medication nonadherence under different 

payment schemes among patients with chronic diseases or 

chronic conditions. Studies were located through comprehen-

sive literature search of electronic bibliographic databases 

Medline, ProQuest Medical Library, and ScienceDirect 

since inception to February 2015. The following subject 

headings and keywords were used to retrieve the articles: 

medication adherence, drug cost and health care expenditure, 

medication concordance, medication fulfillment, cost, value, 

socioeconomic, medication cost, and medication price. The 

article search was restricted to English languange, adult and 

human studies. All articles were imported to EndNote, and 

duplicate articles were removed from the list.

The retrieved articles were screened using inclusion 

and exclusion criteria. Articles were included if they evalu-

ated the effect of medication cost or method of payment on 

patients’ medication adherence. The evaluation of medication 

adherence must be done on adult patients as defined in the 

original study. Only articles with the following study design 

were included in the study: randomized controlled trial, 

cross-sectional, longitudinal, and observational/prospective/

retrospective cohort. Other articles such as review articles, 

thesis, commentaries, editorial letters, and case studies were 

excluded. Only articles with clear description of the popula-

tion involved and methodology were included in the analysis. 

Study must also report how medication adherence was 

measured. Articles that involved intervention to improve 

adherence were excluded from the study.

Initial title/abstracts screening was conducted by HA. 

During this phase, exclusion of articles only occurred if the 

reason for exclusion was clear. All excluded full-text articles 

were reviewed independently by the research team that con-

sisted of three senior lecturers to ensure the validity of the 

process. Any disagreements on whether a study should be 

included or excluded were resolved through consensus.
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Primary outcomes were the rate of medication adherence 

and method of payment for medication. Secondary outcome 

included other factors (both quantitative and qualitative) that 

may influence patients’ adherence to medication. Included 

articles were then reviewed and summarized narratively.

Results
Search results
A total of 2,683 articles were traced from the three elec-

tronic databases. Of these, 85 articles were included for 

a detailed review of full text. Based on the inclusion and 

exclusion criteria, a total of 21 articles were included in the 

final analysis (Figure 1). The summary of articles included 

is presented in Table 1. The majority of the study designs 

were cross-sectional and only one had a controlled or com-

parison group.

Sample size and participants’ 
characteristics
Sample size reported in each article varied between 60 and 

516,072. The majority of the studies were conducted in the 

USA (n=17). Others were in India (n=1), Canada (n=2), 

and Finland (n=1). The included studies were conducted on 

patients with breast cancer, human immunodeficiency virus, 

chronic myeloid leukemia, diabetes mellitus, end-stage renal 

disease, depression, chronic pulmonary disease, hyperten-

sion, rheumatoid arthritis, schizophrenia, hyperlipidemia, 

stroke, and overactive bladder.

Appraisal of studies
The potential bias for the studies was evaluated using the 

Downs and Black guidelines,12 which analyzed 27 items 

based on the data quality, external and internal validity, and 

• 

• 

• 
• 

• 
• 

• 

• 
• 
• 

Figure 1 Systematic review of inclusion and exclusion flowchart.
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power of the studies. A summary of the quality assessment 

criteria used is provided in Table S1.

Method of medication adherence 
measurement
Of the 21 studies included, various methods were used to 

measure medication adherence rate. The most common 

medication adherence tool used to measure rate of adherence 

was CRN (n=11). CRN measured medication adherence by 

using a validated survey which required a recall period of the 

last 12 months. The higher the score of CRN is, the poorer the 

medication adherence will be. Five studies used “proportion 

of days covered” that measures adherence through number 

of days covered by the prescription fills. Other studies used 

“medication possession ratios” (MPRs) (n=3), Morisky 

Medication Adherence Scale (MMAS) (n=1), and self-

report 3-day dose recall (n=1). MPRs measure medication 

adherence through calculation of the percentage of time 

patient has access to medication prescribed. Meanwhile, the 

MMAS and 3-day dose recall are self-report of medication-

taking behavior.

Payment schemes and their influence 
on medication adherence
Our review found several methods of payments that may 

influence patients’ adherence to medication. The methods 

of payments described were 1) copayment or out-of-

pocket expenditure, 2) drug coverage or insurance benefits, 

3) prescription benefit coverage limit or prescription cap, 

and 4) free or subsidized medication.

Copayment or out-of-pocket expenditure
Out-of-pocket expenditures were described as payments 

paid for coinsurance, copayments, or deductibles for med-

ical-related items or services that were not covered by the 

insurance.13 Copayment refers to a fixed amount of payment 

(eg, USD10) made by patients for a covered health care 

service. The amount of copayment can vary depending on 

types of health care services used by patients.14

There were nine studies that reported the effects of 

medication copayment or out-of-pocket expenditure on 

patients’ adherence to medications. In all the studies, high 

copayment or out-of-pocket expenditure for medication had 

significant association with medication nonadherence.9,15–22 

The study by Aarnio et al found that poor adherence among 

new statin users was 1.3 times more likely to occur in 

patients with medication copayment than those who were 

not.17 The same study also reported that an increase of €0.20 

copayment per statin tablet had caused a significant reduction 

of 36% in patients’ adherence to medication.17 Similarly, 

other studies by Zivin et al,23 Castaldi et al,16 Sedjo et al,21 

Gibson et al,24 and Zheng et al9 also reported that the amount 

of out-of-pocket expenditure for medication influenced 

patients’ adherence to medications. In these studies, patients 

who spent their out-of-pocket money of .USD20–USD100 

per month were more likely to have CRN than patients who 

spent ,USD10.21 Interestingly in the study by Kim et al, 

medication adherence of patients with schizophrenia was 

reported to be influenced by patients’ perceptions of the 

burden of the medication copayment.18 The study revealed 

that the more patients perceived that medication copayment 

was a burden, the more nonadherent they would be.18 Despite 

the positive associations between high medication copay-

ment and medication nonadherence, one study reported that 

adherence to statin, antihypertensive medication, and oral 

hypoglycemic agents was increased after a rise of USD5 in 

medication copayment.24 The increment of medication adher-

ence rate, however, was reported to decline after 11 months 

following the therapy, especially among veterans who need 

to pay for the copayment.25

Drug coverage or insurance benefit
There were four studies that reported association between 

drug coverage or insurance benefits and patients’ adherence 

to medications. The drug coverage payment schemes used in 

these studies were Medicare Part D or Health Maintenance 

Organization. The Medicare Part D is a subsidized premium 

for prescription drug coverage provided by private insur-

ance organizations. Patients who do have insurance benefit 

or drug coverage are required to pay the full medication 

cost themselves. The studies show that patients who did 

not have drug coverage were more nonadherent to their 

medication.9,24,26,27

Interestingly, medication adherence rate was found to 

increase by 12% among patients who later received insurance 

coverage (previously were not on insurance drug coverage).22 

In the study, the reduction of cost-sharing by the patients and 

expanded drug coverage had enhanced patients’ adherence 

to their medication.22 Similar results were also reported by 

Kennedy et al who reviewed medication adherence pat-

tern among Medicare beneficiaries. In their study, patients 

who were newly insured had better reduction of CRN rate 

compared to patients who were continuously insured or 

uninsured.28 The results shows that CRN rate dropped by 

7.8% when patients started to receive Medicare Part D cov-

erage compared to patients who were continuously insured 
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(CRN dropped only by 3.6%) or continuously insured (CRN 

dropped by 3.1%).28 However, among Medicare Part D 

beneficiaries, the adherence rate of patients aged 65 years 

and older was found to be lower than those who were not on 

medication drug coverage (7.7% vs 4.5%, P=0.01).27

Prescription benefit coverage limit or  
prescription cap
In the current study, only two studies reported the 

influence of prescription drug cap on patients’ adherence 

to medications.22,29 In these studies, the prescription benefit 

coverage limits or prescription cap requires patients to pay 

a certain amount of payment when prescription drug cap 

was exceeded. The study by Donohue et al found that the 

medication adherence rate among patients with depres-

sion was low in patients with lower prescription benefit 

coverage limits. However, when the same patients were 

enrolled in Medicare Part D which include an expansion of 

drug coverage that reduced patient’s out-of-pocket expen-

diture, medication adherence was increased by 16% (odds 

ratio 1.86, 95% confidence interval 1.44–2.39, χ2=22.97, 

P,0.0001).22 The second study by Bhardwaja et al on 

end-stage renal disease patients reported that higher medi-

cation adherence rate was found among patients without 

capped benefit than patients with capped benefit of brand 

prescription drug (patients need to pay the full cost of the 

medication when cap was reached).29 The reported adher-

ence rate in 2004 was 66.3% among patients without capped 

benefit and 40% among patients with capped prescription 

benefit scheme.29

Subsidized medications
The influence of subsidized or no medications charge on 

patients’ adherence was only reported in two studies.30,31 The 

study among patients with overactive bladder medications 

who were fully subsidized by the Military Health System, 

USA, found that patients had adequate adherence to their 

medications.31 In the study, the adherence rate was ninefold 

higher than previously reported study in which patients need 

to pay the medication cost themselves.31 Another study by 

Batavia et al on Graduated Cost Recovery program in India 

that evaluated the effect of free medication on patient’s 

adherence divided patients into four groups according to 

the amount of financial assistance received by the patients. 

Depending on the patients’ socioeconomic background, 

patients in Tier 1 received medication at no charge (had 

monthly income of USD38.30–USD74.70), and patients in 

Tier 2 (had monthly income of USD76.60–USD127.70), 

Tier 3 (had monthly income of USD114.9–USD204.30), and 

Tier 4 (had monthly income of USD198–USD434.20) were 

required to pay 50%, 75%, and 100% of their medication 

cost, respectively.30 The results of the study demonstrated 

that patients who received their medication in Tier 1 had 

adequate medication adherence (84.6% of the patients took 

95% or greater of all prescribed doses in 3 days before the 

study visit) than patients who need to pay their medication 

(only 71%–79% of patients in Tier 2–4 took their medication 

as prescribed).30 The study concluded that increment of 

financial assistance in medication cost was better associated 

with good medication adherence rate.30

Secondary outcomes
The current study found that despite receiving drug cover-

age or paying out-of-pocket money, patients’ adherence 

to medication decreased over time.17,25 A few studies 

reported that patients of younger age were more likely to 

be related to nonadherence to their medication compared 

to older patients.20,21,24,26,28 Nevertheless, in four studies, 

patients with multiple chronic conditions were found to be 

more likely to have CRN than patients without multiple 

chronic conditions.19–21,28,32 Nonadherence to medications 

was also reported to be influenced by low-income status of 

the patients19,20,26,33,34 and patients’ perceptions of financial 

burden.18,19

Discussion
The current study reviewed the influence of medication 

payment schemes on patients’ medication adherence. Of the 

21 located studies, four medication payment schemes were 

reported to have significant association with patients’ 

medication adherence rate. The payment schemes were 

copayment or out-of-pocket expenditure, drug coverage 

or insurance benefit, prescription benefit coverage limits 

or prescription cap, and free of charge or fully subsidized. 

Our review found that higher out-of-pocket expenditure or 

copayment borne by patients may influence patients’ medica-

tion adherence depending on 1) the amount of out-of-pocket 

money spent for medications, 2) the perceived financial 

burden of medication, and 3) type of patients and diseases 

such as young-aged and chronic diseases.

The current study found that the limit of patients’ 

copayment that potentially caused nonadherence to medi-

cation varied between USD20 and USD100. This may be 

due to the difficulties in socioeconomic background and 

the influence of perceived medication burden.18,19 The study 

by Zheng et al among senior patients of the Ontario Public 
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Drug Benefit found that the low-income patients who pay a 

copayment of USD2 per prescription medication had a lower 

limit copayment-related nonadherence of USD20. The same 

study reported that patients with high income had a higher 

limit of copayment-related nonadherence of USD100.9 

This is possibly due to the perceived burden of medication 

copayment viewed by patients with low income. Consistent 

with the study by Kim et al on patients with depression, 

adherence to medication was reported to be influenced by 

patients’ perceptions of burden of medication cost. Patients 

who perceived medication copayment as a burden may be less 

motivated to take their medication, and thus have a greater 

likelihood of forgetting their medication.18 However, none 

of the studies described the true meaning of burden from 

patients’ perspective. It is not known if other factors such 

as household expenses, number of members in the family, 

and severity of the disease may contribute to the perceived 

cost burden viewed by patients.

Our review also found that patients’ adherence to the 

medication may be affected even with a small increment in 

medication copayment, for example, an increase of €0.20 

per statin tablet.17 In a meta-analysis study by Matsui, 

an increase in each dollar of medication copayment was 

reported to decrease the adherence rate by 0.4%.35 The same 

study found a significant relationship between increase in 

patient cost-sharing and decrease in medication adherence. 

However, interestingly, medication adherence rate was 

reported to increase during the early increment of medica-

tion copayment.25 Adherence to medication may seem to 

improve at the beginning of medication copayment increment 

maybe because patients had to pile up their medication 

stock following the hike in medication price.25 However, a 

reducing trend in medication adherence rate was observed 

after 11 months of medication copayment increment.25

The reduction in medication adherence among patients with 

chronic disease over time could be due to the development of 

the “doughnut hole” situation. The doughnut hole is defined 

as a gap in prescription drug coverage, due to which patients 

have to use high out-of-pocket money to pay for their medi-

cations.27 The “doughnut hole” situation usually occurs as the 

disease progresses and/or as the result of an increase in medica-

tion cost. When the disease progresses, patients may require 

more medications, and medical care may exceed the patients’ 

insurance health coverage. Nonadherence to medication is 

believed to occur more when patients reach this “doughnut 

hole” situation.36,37 Other reported factors that may influence 

this reduction of medication adherence over time are patient’s 

belief about medication effectiveness and side effect.38

The current study found that patients with no insurance 

drug coverage, or high out-of-pocket medication expenditure, 

were more nonadherent to medication than patients with 

insurance coverage. It was reported that patients unable to 

cope with the high out-of-pocket medication cost may not 

fill their prescriptions, reduce the intake of medication, and 

bargain their medication’s price.39 Interestingly, medication 

adherence rate improved among patients with no initial insur-

ance drug coverage but later received insurance coverage.27,28 

The newly insured patients were also found to have better 

adherence to medication that those who were continuously 

insured or uninsured.28 The reason behind this is unclear. It 

is possible to assume that patients at the early stage of the 

insurance benefits may value their medications more than 

later when adherence was reduced.

Nevertheless, the current study found that regardless of 

whether patients receive medications at lower cost or free of 

charge, the adherence rate to medications is still poor. This is 

especially evident among patients with nonchronic diseases. 

In the study by Sears et al, among patients with overactive 

bladder who received their medications at no charge, a high 

percentage of patients, 66%, were found to be nonadherent 

to their medication.31 However, the nonadherence rate was 

found to be lower, 16% among patients with more serious 

diseases such as HIV.30 Although reduction of cost-sharing 

by patients may improve their adherence to medication, the 

current study shows that patients who need not pay for their 

medication may also be nonadherent to their medication. The 

reason for nonadherence among patients without medication 

cost burden is unknown. 

It is important that the findings of this study be care-

fully interpreted. This is because the reported studies may 

have measured medication adherence among patients who 

returned to refill their medications. The medication adher-

ence may be reduced if its included the nonadherence due 

to patients not returning for their medication as they cannot 

afford to purchase or acquire it. Nevertheless, adherence 

to medication among subsidized patients may be seen as 

similar to patients with unsubsidized medication scheme as 

patients may value their medications less than those who 

paid the medication cost themselves. To better understand 

the complex relationship between payment scheme and 

medication nonadherence, more research in the area should 

be done. Research that can help to calculate the point at 

which the health care costs of medication nonadherence 

could be offset by medication subsidies will help better 

management of resources, for example, by the government 

or employers’ benefit scheme.
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This review is subject to a few limitations. First, it relates 

to the facts that there was heterogeneity in the definition of 

adherence and measurement methods of medication adher-

ence between the studies. For example, in some studies, 

medication adherence was evaluated objectively using MPR 

and proportion of days covered, while others used subjective 

assessment methods such as MMAS and CRN. Thus, it is 

difficult to make a direct comparison between the studies and 

make systemic conclusions. The comparison of medication 

adherence between different payment schemes within each 

medication assessment method was not done as only limited 

studies are available in each domain. Second, the variety of 

study designs and methodologies makes robust comparisons 

challenging across different studies. Those differences might 

explain the variation in the reported association between 

costs and medication adherence. Finally, only two studies 

that investigated medication adherence among patients with 

medication subsidies were found. Therefore, generalization 

of results to other populations should be done cautiously.

Conclusion
Our review found that high out-of-pocket expenditure 

and lack of or no prescription drug coverage are strongly 

associated with reduction of patients’ adherence to medica-

tion. Although reduction in out-of-pocket medication expen-

diture may improve patients’ adherence to medication, the 

nonadherence rate among patients who received medication 

at no cost was found to be high especially in nonsevere 

disease. Factors that may influence the nonadherence among 

subsidized patients were unknown. Future study is required to 

investigate factors that may influence nonadherence among 

patients without cost-sharing constraint.
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Supplementary material

Table S1 Downs and Black’s checklist for measuring study quality (score by paper)

Author (year) Item Total

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Aarnio et al1 (2014) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 20
Castaldi et al2 (2010) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 21
Sedjo et al3 (2011) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 20
william et al4 (2013) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 20
Zivin et al5 (2010) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 22
Zheng et al6 (2012) 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 1 0 17
Dusetzina et al7 (2014) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 22
Ngo-Metzger et al8 (2011) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 22
Gibson et al9 (2010) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 23
Law et al10 (2012) 1 1 1 0 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 20
Kennedy et al11 (2011) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 22
Levine et al12 (2013) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 21
Kim et al13 (2010) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 22
Maciejewski et al14 (2010) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 21
Batavia et al15 (2010) 1 1 0 1 1 1 0 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 18
Sears et al16 (2010) 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 21
Bhardwaja et al17 (2009) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 21
Donohue et al18 (2011) 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0 21
Frankenfield et al19 (2011) 1 1 0 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 20
Harrold et al20 (2013) 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 21
Zivin et al21 (2009) 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0 21

Notes: 0: No; 1: Yes. Items 1–10: assessed whether the information provided was sufficient to allow the reader to make an unbiased assessment of the finding of the study; 
items 11–13: assessed external validity – which addressed the extent to which findings from the study could be generalized to the population from which the study subjects 
were derived; items 14–20: assessed potential bias – which addressed biases in the measurement of the intervention and the outcome; items 21–26: assessed confounding – 
which addressed bias in the selection of the study subjects; item 27: assessed the power of study – which attempted to assess whether the negative findings from a study 
could be due to chance.
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