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Objectives: Although laws related to drug impairment may deter some drivers, enforcement

requires effective detection. There are different methods and devices to test for cannabis

use, but it is unclear if these devices meet the necessary criteria to be implemented at the

roadside. This systematic review synthesized research that investigated on-site oral fluid

drug screening devices.

Study design: This is a systematic review.

Methods: Eight databases (PubMed, Web of Science, MEDLINE, Engineering Village, Embase,

Compendex, CINAHL, and Scopus) were searched to identify research that had evaluated

the effectiveness of oral fluid testing devices. Fifteen articles that used an on-site testing

device to detect cannabis use were selected for review.

Results: There is a lack of standardized test protocols with respect to biological matrices

used for confirmation analysis (blood and oral fluid), concentration detection cutoff, pop-

ulation sample, and contamination with other drugs (alcohol). There is also a lack of device

consistency making it difficult to draw conclusions. Sensitivity, specificity, and accuracy of

nine devices showed that none of the current devices meet the minimum requirements

suggested by the ROSITA, ROSITA-2, and DRUID projects (80% for all three parameters).

Conclusions: The results of this systematic review indicated that the devices with the ability

to detect lower D9-tetrahydrocannabinol concentration levels achieved better results with

respect to sensitivity, specificity, and accuracy than those with higher detection levels.

However, research must be focused on developing a roadside detection oral fluid technique

that meets the ROSITA, ROSITA-2, and DRUID projects' guidelines.
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Introduction

Cannabis is one of the most commonly used recreational

drugs and has been reported as one of the most prevalent

involved in impaired driving accidents.1e3 However, many

jurisdictions do not have a means to effectively detect recent

cannabis use. As some governments are looking to legalize

cannabis in future, for instance, the government of Canada

has announced its intention to legalize cannabis by October of

20184 making cannabis more accessible to the public, a viable

roadside testing method to screen for recent cannabis use is

required.

Drug tests can be performed by obtaining body fluid sam-

ples from a person suspected of drug use. This screeningmust

be able to identify D9-tetrahydrocannabinol (THC)dthe major

psychoactive constituent of cannabis. For a roadside test, a

trained clinician must not be required, the results must be

accurate, and testing should take less than 5 min.5 Oral fluid

(OF) has been shown to be a good indicator of recent cannabis

use (within the last 4 h), and it is easy to collect by untrained

personnel, making it a good testing matrix for roadside

detection of recent cannabis use.1,6,7

The ROSITA, ROSITA-2, and DRUID are research projects

conducted in Europe and the United States in the early 2000s

to investigate drug testing devices and their ability to detect

driving under the influence of drugs.5,8,9 Commercially avail-

able OF roadside testing devices were evaluated, some with

varying concentration cutoffs, to determine the effectiveness

of each device. The concentration cutoff of a device is the

lowest concentration of THC detectable in a sample and is

stated by the manufacturer. The projects recommended that

devices should have a minimum sensitivity, specificity, and

accuracy of 80% each.5,8,9 At the time of the projects, none of

the evaluated devices met these criteria.5,8,9 Since the publi-

cation of these research studies, newer devices have been

developed, and the existing devices have been improved. This

systematic review was developed to include the evaluation of

newer devices.

Based on the data from applicable studies, this systematic

review followed the Preferred Reporting Items for Systematic

Reviews andMeta-Analyses guidelines (see Appendix 2) in the

evaluation of the effectiveness of portable OF testing devices

for roadside detection of recent cannabis use.
Methods

Study design

This study is a systematic review.

Eligibility criteria

Papers had to be written in English and published in peer

reviewed journals, had to have considered recreational

cannabis use only, and had to use an on-site testing device on

humans to be included in this review. Articles were excluded
if they did not involve OF testing or if they did not use an on-

site screening device.

Information sources and search

A search was conducted between February and April 2017

among eight databases (PubMed, Web of Science, MEDLINE,

Engineering Village, Embase, Compendex, CINAHL, and Sco-

pus) to identify research that had evaluated the effectiveness

of OF testing devices. The search was performed with the

following search string: (oral fluid test OR saliva test ORmouth

swab OR drug test OR detection OR residue) AND (marijuana

OR cannabis) AND (roadside OR road-side OR road side OR on-

site OR on site)

Study selection

Titles were searched first to eliminate any papers that did not

meet the inclusion criteria, followed by abstract review. The

titles were searched by three investigators, and the abstracts

were reviewed by at least two authors.

For each paper that was included, at least two investigators

assessed the paper using the McMaster Quantitative Review

Form (http://srs-mcmaster.ca/research/evidence-based-

practice-research-group/). Using this form, any potential bia-

ses (i.e. subject, measurement, and intervention biases), study

design, study participants, ethics procedure, outcome mea-

sures, intervention, and study results were identified. A total

of 136 articles were identified. After removing the duplicates,

79 articles were obtained and reviewed. After the complete

selection process, 15 articles were considered in this review.

The selection process is illustrated in Fig. 1.

Data collection process

Each study compared performance of an on-site OF test with a

laboratory test. If the results fromboth the device and laboratory

were positive, the result would be interpreted as a true positive.

If both results were negative, the results would be recorded as a

true negative. If the result from on-site was positive, but the

laboratory result was negative, the result would be a false pos-

itive (FP). Finally, if the result from on-site was negative, but the

result from the laboratorywas positive, the device's resultwould

be considered as a false negative (FN). The true and false nega-

tive and positive results were then used to calculate the sensi-

tivity, specificity, and accuracy of the devices andwere reported

in each article. These were calculated as follows:

Sensitivity ¼ TP
TPþ FN

� 100

Specificity ¼ TN
TNþ FP

� 100

Accuracy ¼ TPþ TN
Total number of tests

� 100

The sensitivity indicates the rate at which people were

correctly identified as having recently used cannabis. The

http://srs-mcmaster.ca/research/evidence-based-practice-research-group/
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Fig. 1 e Flowchart showing the process of article selection for this systematic review.
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specificity indicates the rate at which people were correctly

identified as not having recently used cannabis, and the ac-

curacy is a measure of both. Devices with a low sensitivity

would not detect all the impaired drivers who were tested,

while devices with a low specificity would identify high

numbers of sober drivers as being impaired.9 Each article

calculated and reported the sensitivity, specificity, and accu-

racy of the devices tested.

Summary measures

In cases where the same on-site drug screening device was

used acrossmultiple studies, theweightedmean and variance

of sensitivity, specificity, and accuracy were calculated. These

values were then used to calculate the effect size (Cohen's d)

between different devices. The weighted means, standard

deviations, and Cohen's d's were calculated as follows:

Weighted mean : x ¼
P

NixiP
Ni

Weighted Variance : s2x ¼
P h

Niðxi � xÞ2
i

P
Ni

95% Confidence Interval : CI ¼ x±1:96

ffiffiffiffiffi
s2x
k

r

Standard Deviation : s ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðNt � 1Þs2t þ ðNc � 1Þs2c

Nt þNc

s

Cohen's d : d ¼ xt � xc

s

where N is the number of participants in a group; k is the

number of studies a device was used in; and the subscripts t

and c represent ‘test’ and ‘control’ (i.e. the two devices that are

being compared), respectively. The sign of the effect size is

dependent on which device is chosen as ‘test’ or ‘control’, and

the order has been noted in the Results and discussion

section.

Performance of each device was reported only as sensi-

tivity, specificity, and accuracy in each article, so there was

not enough statistical information to complete a typical meta-

analysis.
Results and discussion

Performance of on-site screening devices

Table A in Appendix 1 summarizes the data reported from all

included studies. Table 1 shows that the currently available

https://doi.org/10.1016/j.puhe.2019.03.006
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Table 1 e Summary of sensitivity, specificity, and accuracy of different on-site OF drug screening devices.

Device Device cutoff (ng/mL) Sensitivity (%) Specificity (%) Accuracy (%)

OraLine7 4 69 92 74

Cozart DDS 80610 31 22 100 71

BIOSENSE Dynamic10 Unknown 50 Not reported 51

OraLab 610 50 16 99 61

OrAlert10 100 11 100 78

Oratect III10 40 32 100 41

RapidSTATa,11,12 15 58 (7) 85 (17) 76 (6)

DrugWipea,6,11e14 15e30 51 (11) 88 (4) 82 (5)

DrugTest 5000a,3,10e12,15 5e25 75 (8) 73 (14) 78 (6)

a A weighted average was taken for the sensitivity, specificity, and accuracy in this table. Weighted standard deviations are in brackets.
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on-site devices do not have sufficient sensitivity and accuracy

based on the ROSITA, ROSITA-2, and DRUID projects' recom-

mendations. The sensitivities of all devices are 75% or less,

whereas the ROSITA and DRUID projects recommended a

minimum value of 80%.5,8,9 Furthermore, as shown in Table 1,

the results for the DrugWipe and DrugTest 5000 are highly

variable across studies. This variability may be due to

different sample populations, device and laboratory cutoffs,

and reference specimens (i.e. blood or OF).

The weighted means and 95% confidence intervals for all

devices' sensitivities, specificities, and accuracies are shown

in Fig. 2. The weighted means and variances were used to

calculate the effect size, Cohen's d. The effect size allowsmore

accurate comparisons to be drawn between results from

various studies by accounting for the variance and sample

size of each device being compared. The effect sizes are

shown in Fig. 3.

The effect sizes support the conclusions that would be

drawn directly from the weighted means. Of the three devices

compared across studies, the Dr€ager DrugTest 5000 was the

most sensitive device, and the DrugWipe was the least sen-

sitive, whereas it had the highest specificity and accuracy. The

DrugTest had the lowest specificity, and the RapidSTAT had

the lowest accuracy. Again, none of the tested devicesmet the

ROSITA, ROSITA-2, or DRUID projects' recommendations;

however, the DrugWipe outperformed the other two devices

on two of the three outcome measures.
Fig. 2 e Weighted mean and 95% confidence intervals for

device sensitivity, specificity, and accuracy across studies.
It should be noted that Fig. 2 does not include the confi-

dence intervals usually found on forest plots because of

insufficient information to perform these calculations within

the studies.

In most studies, the laboratory test cutoff used to confirm

the on-site testing results was different than that of the

portable testing device. This difference can impact the per-

formance of the device so devices with lower cutoffs generally

outperformed devices with higher cutoffs.

Performance of on-site devices overtime

Two of the reviewed studies investigated the performance of

on-site devices overtime.1,10 In the study by Bosker et al.,1 20

heavy cannabis smokers (aged 24.3 [1.4] years) smoked ciga-

rettes with THC concentrations normalized to their body

weight (400 mg/kg). OF samples were collected and analyzed

every 15min in the first hour, and subsequently, every 30min,

to 4 h after smoking using the Dr€ager DrugTest 5000 and

Securetec Drugwipe 5. With the Securetec Drugwipe 5, OF

samples were collected from both the cheek and tongue, and

the results from each type of samplewere reported separately.

Blood samples were also collected as reference specimens for

confirmatory laboratory analysis.

Fig. 4, which was derived from the data presented by

Bosker et al.,1 depicts the sensitivity results of both on-site

devices up to 4 h after smoking. As shown in this figure, the

sensitivity of the Dr€ager DrugTest 5000 tends to stay constant

for the first two and a half hours after smoking, whereas the

sensitivity of the DrugWipe 5 is significantly reduced 45 min

after smoking and is always lower than the Dr€ager DrugTest

5000. The difference in sensitivity between the two devices

could be due to the difference in their THC cutoff values (5

versus 30 ng/mL). Because the participants were never drug-

free during the study, the number of FPs was not calculated.

InWille et al.,10 ten chronic cannabis smokers between the

ages of 18 and 40 years smoked two cannabis cigarettes 75min

apart containing THC concentrations normalized to their body

weight (i.e. 300 and 150 mg/kg). OF sampleswere collected prior

to smoking the first cigarette, 5 min after smoking each ciga-

rette, and 80 min after smoking the second cigarette. The OF

samples were analyzed on-site using a newer version of

Securetec DrugWipe 5S with a THC cutoff of 15 ng/mL

(compared to 30 ng/mL in the previous model). Both OF and

blood samples were used as reference specimens in the lab-

oratory confirmatory analysis with THC cutoffs of 1 and 10 ng/

https://doi.org/10.1016/j.puhe.2019.03.006
https://doi.org/10.1016/j.puhe.2019.03.006


Fig. 3 e Forest plot of Cohen's d effect sizes between devices. The exact effect size for sensitivity, specificity, and accuracy is

also shown.

Fig. 4 e Device sensitivity for Dr€ager DrugTest 5000 and Securtec DrugWipe 5 from 15 min up to 4 h after smoking cigarettes

containing THC.1
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mL for OF and 1 and 5 ng/mL for blood samples. The device's
sensitivity and accuracy declined with time after smoking the

cigarette and were higher when OF was used as a reference

specimen compared to blood. These results indicate that on-

site OF testing is a viable option to determine recent

cannabis use but becomes less effective as time from con-

sumption increases.

Device limitations

The devices tested by each study had several limitations.

These limitations include the volume of OF required for

detection, device usability, and cold-weather constraints.

One of the main limitations was the collection of a suffi-

cient OF volume for the testing devices.11 An insufficient

sample of OF could lead to incorrect test results. Some devices
(the Cozart DDS 806, DrugTest 5000, and Oratect III) have built-

in indicators to show when a full sample has been collected,

decreasing the chance of collecting incorrect sample vol-

umes.11 Also, smoking cannabis can cause drymouth,making

it difficult to collect a full OF sample from a suspected driver.

Two studies found that drinking a beverage before collecting

OF either did not impact the THC concentration or would

slightly increase the THC concentration (10% increase in 7 of

41 participants).13,14 These results indicate that it could be

beneficial to give a suspected driver a small drink of water

(less than 300 mL) prior to taking an OF sample. The small

drink would ensure that a sufficient amount of OF would be

obtained.

Device usability was another major limitation. For

instance, the on-site testing times ranged from 2 to

30 min.11 As previously mentioned, a roadside test should

https://doi.org/10.1016/j.puhe.2019.03.006
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take less than 5 min to perform. Devices that took less than

5 min included the BIOSENSE Dynamic, Cozart DDS 806, and

the DrugTest 5000.11 Some devices, such as the Oratect III,

had extremely high variability in testing time (5e30 min),

making them difficult to implement on the roadside.11

Another issue with device usability was the rate of failed

tests. Failed tests arose when the results could not be inter-

preted or if control lines did not appear on a test strip.11

There were also difficulties reading different devices,

including the DrugWipe 5A, as the test line was often very

weak and delayed.15 Difficulties reading the device could lead

to a high rate of impaired drivers not being properly identified.

Finally, the cold weather affected the ability of a device to

detect and display a result. Devices such as the DrugTest 5000,

RapidSTAT, DrugWipe, and DrugWipe 5þ were reported to

have issues in cold weather.12,15 This would limit the places

and times the devices could be used at the roadside.

Review limitations

A major limitation of the studies is the lack of standardized

testing. Different studies used different biological matrices

(blood plasma or OF) for confirmation analysis with

different cutoff concentrations ranging from 1 to 30 ng/mL.

Different matrices and cutoff levels could drastically impact

device performance, which would impact the summarized

results. Additionally, none of the reviewed articles dis-

cussed correlations between THC concentration in OF and

the level of impairment. A known concentration linked to

impairment, as exists for alcohol, would set a precedent for

standardized testing of these devices.

Different testing protocols were used across studies.

Many collected data at the roadside, while others collected

samples in controlled settings or in public places where

drugs were used (such as a cannabis coffee shop in the

Netherlands and night clubs in Rome).11,15 Different pop-

ulations could yield different results, which could skew

the sensitivity, specificity, and accuracy results of such a

test.

Finally, most devices were evaluated in single studies.

Only the RapidSTAT, DrugWipe, and DrugTest 5000 were

assessed in enough studies to have the effect sizes calcu-

lated in this review. Other devices appeared in one study,

and results could not be compared. Typically, an effect size

is calculated in each study, and so, variance in effect size

can be calculated to generate a full forest plot. Had different

studies used and compared multiple testing devices and

calculated relevant effect sizes, the confidence intervals

could have been calculated and included in this review.

Results were also only reported as sensitivity, specificity,

and accuracy without additional statistical data, which

limited analysis in this review.
Recommendations

Statistical information on device performance, such as

repeatability of results, should be determined. Knowing sta-

tistical information on device performance would allow

studies to calculate effect sizes between tested devices, as
well as allow future reviews to complete more in-depth

comparisons between devices. Repeatability of devices could

be determined by taking multiple samples from the same

participant and comparing the results of the device across

these samples.

Emerging technologies

Two new prototypes were identified, which are still in the

development stage. Plouffe and Murthy16 used fluorescent

nanoparticles to determine the concentration of THC in an

OF sample. In preliminary testing, the device was able to

correctly determine the THC concentration in OF samples

within 10% of the actual concentration.16 This device is still

in early stages of development and will require more testing

before it could be implemented.

The second device created by Wanklyn et al.2 is a screen-

printed sensor which uses electrochemical detection for

THC. The device was created to be portable, fast, and easy

to use. Initial tests took roughly 30 s; however, the sensi-

tivity, specificity, and accuracy were 28%, 99%, and 52%,

respectively. The researchers noted a very high number of

FNs but a small number of FPs.
Conclusions

OF has been deemed a suitable biological matrix for the

detection of recent cannabis use by the studies included in

this review. OF can be obtained in an easy and non-invasive

manner. However, the methods of measuring OF at the

roadside need to be improved. New research should focus

on these gaps to allow for enforcement of impaired driving

laws.
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Appendix 1. Data from included papers
Table A e Sensitivity, specificity, and accuracy of on-site OF drug screening devices reported across different studies.

Study Device Device
cutoff (ng/mL)

Laboratory
cutoff (ng/mL)

Sensitivity (%) Specificity (%) Accuracy (%) # of participants

7 OraLine 4 1 69 92 74 27
11 Cozart DDS 806 31 1 22 100 71 138
11 BIOSENSE Dynamic Unknown 1 50 Not reported 51 39
11 OraLab 6 50 1 16 99 61 248
11 OrAlert 100 1 11 100 78 95
11 Oratect III 40 1 32 100 41 28
11 RapidSTAT 15 1 56 90 78 333
12 RapidSTAT 15 2 blood 71 55 66 58
17 DrugWipe 5/5þ 30 1 43 87 82 1807
6 DrugWipe 5 30 2 52 91 85 266
6 DrugWipe 5 30 1 blood 68 88 85 266
15 DrugWipe 5A 30 0.6 ng/pad 29 88 53 83
12 DrugWipe 5 30 2 blood 71 50 63 46
14 DrugWipe 5þ (cheek) 30 Unknown 88 94 88 112
14 DrugWipe 5þ (tongue) 30 Unknown 89 94 89 144
11 DrugTest 5000 5 1 59 96 82 218
18 DrugTest 5000 20 0.5 49 100 55 127
18 DrugTest 5000 20 0.5 blood 51 93 56 127
18 DrugTest 5000 20 2.0 blood 58 88 66 127
12 DrugTest 5000 25 2 blood 72 50 68 76
12 DrugTest 5000 5 2 blood 93 71 90 48
14 DrugTest 5000 5 Unknown 94 15 91 282
14 DrugTest 5000 5 1 blood 88 71 80 108
3 DrugTest 5000 5 2 91 75 88 66
3 DrugTest 5000 5 1 88 78 86 66
3 DrugTest 5000 5 0.5 86 75 85 66
3 DrugTest 5000 10 10 93 76 86 66
3 DrugTest 5000 10 2 82 100 85 66
3 DrugTest 5000 10 1 77 100 80 66
3 DrugTest 5000 10 0.5 76 100 79 66

If blood was used as reference specimen in laboratory, it is noted under ‘Laboratory cutoff’ column.
Appendix 2. PRISMA checklist
Section/topic # Checklist item Reported on page #

Title

Title 1 Identify the report as a systematic review, meta-analysis, or both. Title page

Abstract

Structured

summary

2 Provide a structured summary including, as applicable: background;

objectives; data sources; study eligibility criteria, participants, and

interventions; study appraisal and synthesis methods; results; limitations;

conclusions and implications of key findings; systematic review

registration number.

1

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already

known.

1, 2

Objectives 4 Provide an explicit statement of questions being addressed with reference

to participants, interventions, comparisons, outcomes, and study design

(PICOS).

2

Methods

Protocol and

registration

5 Indicate if a review protocol exists, if and where it can be accessed (e.g. web

address), and, if available, provide registration information including

registration number.

N/A
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(continued )

Section/topic # Checklist item Reported on page #

Eligibility criteria 6 Specify study characteristics (e.g. PICOS, length of follow-up) and report

characteristics (e.g. years considered, language, publication status) used as

criteria for eligibility, giving rationale.

Appendix 1: Detailed Search Strategy

Information

sources

7 Describe all information sources (e.g. databases with dates of coverage,

contact with study authors to identify additional studies) in the search and

date last searched.

2, 3 and Appendix 1

Search 8 Present full electronic search strategy for at least one database, including

any limits used, such that it could be repeated.

Appendix 1

Study selection 9 State the process for selecting studies (i.e. screening, eligibility, included in

systematic review, and, if applicable, included in the meta-analysis).

Appendix 1

Data collection

process

10 Describe method of data extraction from reports (e.g. piloted forms,

independently, in duplicate) and any processes for obtaining and

confirming data from investigators.

3 and Appendix 1

Data items 11 List and define all variables for which data were sought (e.g. PICOS, funding

sources) and any assumptions and simplifications made.

3, 4

Risk of bias in

individual

studies

12 Describe methods used for assessing risk of bias of individual studies

(including specification of whether this was done at the study or outcome

level), and how this information is to be used in any data synthesis.

Appendix 1

Summary

measures

13 State the principal summarymeasures (e.g. risk ratio, difference in means). 4, 5

Synthesis of

results

14 Describe the methods of handling data and combining results of studies, if

done, including measures of consistency (e.g. I2) for each meta-analysis.

4

Risk of bias

across studies

15 Specify any assessment of risk of bias that may affect the cumulative

evidence (e.g. publication bias, selective reporting within studies).

Appendix 1

Additional

analyses

16 Describe methods of additional analyses (e.g. sensitivity or subgroup

analyses, meta-regression), if done, indicating which were prespecified.

N/A

Results

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in

the review, with reasons for exclusions at each stage, ideally with a flow

diagram.

3

Study

characteristics

18 For each study, present characteristics for which data were extracted (e.g.

study size, PICOS, follow-up period) and provide the citations.

6e8

Risk of bias

within studies

19 Present data on risk of bias of each study and, if available, any outcome-

level assessment (see item 12).

Appendix 1

Results of

individual

studies

20 For all outcomes considered (benefits or harms), present, for each study: (a)

simple summary data for each intervention group (b) effect estimates and

confidence intervals, ideally with a forest plot.

9, 10

Synthesis of

results

21 Present results of each meta-analysis done, including confidence intervals

and measures of consistency.

9, 10

Risk of bias

across studies

22 Present results of any assessment of risk of bias across studies (see Item 15). Appendix 1

Additional

analysis

23 Give results of additional analyses, if done (e.g. sensitivity or subgroup

analyses, meta-regression [see Item 16]).

N/A

Discussion

Summary of

evidence

24 Summarize the main findings including the strength of evidence for each

main outcome; consider their relevance to key groups (e.g. healthcare

providers, users, and policy makers).

5e14

Limitations 25 Discuss limitations at the study and outcome level (e.g. risk of bias), and at

the review level (e.g. incomplete retrieval of identified research, reporting

bias).

12e14

Conclusions 26 Provide a general interpretation of the results in the context of other

evidence and implications for future research.

14

Funding

Funding 27 Describe sources of funding for the systematic review and other support

(e.g. supply of data); role of funders for the systematic review.

Summary information on article submission

From Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-

Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. https://doi.org/10.1371/journal.pmed1000097.

For more information, visit: www.prisma-statement.org.
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