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ABSTRACT

Purpose 

Retinal Nerve Fiber/Ganglion Cell Layer (RNFL/GCL) thickness measured using Optical Coherence 

Tomography has been proposed as an ocular biomarker for children with Attention-Deficit/Hyperactivity 

Disorder (ADHD), but findings varied in different studies. This study aims to determine the association between 

RNFL/GCL thickness and ADHD in children by systematic review and meta-analysis. 

Methods 

We performed a literature search in Embase, PubMed, Medline, Web of Science, and PsycINFO for relevant 

articles published up to 29th February 2020. All studies with original data comparing RNFL/GCL thickness in 

ADHD and healthy children were included. The Newcastle Ottawa Scale (NOS) was used to assess bias risk and 

quality of evidence. Pooled estimates of the differences in thickness of RNFL or GCL between ADHD and 

healthy subjects were generated using meta-analysis with a random-effect model due to significant inter-study 

heterogeneity. Sensitivity analysis was also performed.  

Results  

We identified four eligible studies involving a total of 164 ADHD and 150 control subjects. Meta-analysis 

revealed that ADHD in children was associated with a reduction in global RNFL thickness (SMD, -0.23; 95% 

CI, -0.46, -0.01; p=0.04). The global GCL thickness was examined in two studies with 89 ADHD and 75 control 

subjects, but the pooled difference in global GCL thickness between ADHD children and controls was not 

statistically significant (SMD, -0.34; 95% CI, -1.25, 0.58; p=0.47).  

Conclusion  

Existing evidence suggests a possible association between ADHD and RNFL thinning in children. In view of 

the limited number of reports, further studies in large cohorts should be warranted.  

Keywords: attention-deficit/hyperactivity disorder, retinal nerve fibre thickness, meta-analysis, 

neurodevelopmental disorder, optical coherence tomography 
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INTRODUCTION 

Attention-Deficit/Hyperactivity Disorder (ADHD) is the most common neurodevelopmental disorders in children. 

A recent meta-analysis reported an estimated prevalence of 6.3% in Chinese children, and a prevalence of 6.4% 

in Hong Kong children [1]. The prevalence in Hong Kong children with ADHD on medication increased by 14-

fold between 2001 and 2013 [2]. Children with ADHD fared significantly worse in psychosocial aspects of their 

daily life compared to children without ADHD [3,4]. 

Optical Coherence Tomography (OCT) is a non-invasive method for capturing high-resolution in-vivo 

images and for performing volumetric analyses of the neuroretina and optic nerve head. Compared to time domain 

OCT, spectral domain OCT (SD-OCT) is faster and has better image quality, and can be used to acquire 3D data 

[5]. It has been extensively used in ophthalmology to diagnose and monitor various ocular pathologies, such as 

glaucoma that affects ganglion cells [6]. Studies have shown that SD-OCT has good repeatability in both children 

and adults [7,8].  

As part of the central nervous system (CNS), the eye can reflect abnormalities and pathologies of the CNS 

[9-11]. Thinning of the retinal nerve fiber layer, retinal layers and ganglion cell layers, and overall retinal volume 

changes have been reported in neurodegenerative diseases, such as Alzheimer’s disease, Parkinson’s disease, and 

cognitive impairment [11,12]. In recent years, an increasing number of studies have examined the retinal features 

in ADHD children, but these studies have been relatively small with varied methodologies. Some of these studies 

have suggested an association between ADHD and retinal nerve fiber layer (RNFL) or ganglion cell layer (GCL) 

thickness in children, but findings have been inconsistent. Such retinal features in children with ADHD are 

important as they can potentially serve as ocular biomarkers for childhood neurodevelopment and long-term visual 

problems. Therefore, we conducted a systematic review and meta-analysis to evaluate the available evidence on 

RNFL/GCL thickness in children with ADHD.  

METHODS 

Search strategy 

We performed a comprehensive literature search in Embase, PubMed, Medline, Web of Science, and PsycINFO 

for relevant articles published up to 29 February 2020. Both controlled vocabularies and free words including 

“attention-deficit hyperactivity disorder” combined with “retinal nerve fiber layer” or “ganglion cell layer” were 

used as the search terms. The search strategies are summarized in the online supplementary file. The searches 
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included journal articles, review papers, and conference proceedings. Citation lists in these articles were screened 

for additional eligible studies that might have been missed in the electronic search.  

Eligibility criteria and study selection 

The primary objective of the present review was to examine the relationship between ADHD and associated 

neuroretinal features (i.e., retinal layer thickness and ganglion cell layer thickness). The eligibility criteria were 

chosen to be broad and to include as many relevant studies as possible. The eligibility criteria included: 

1. Any original human study with a case-control, cross-sectional, or prospective design; 

2. Any study that recruited participants with a diagnosis of ADHD or symptoms of ADHD objectively 

measured or based on diagnostic interviews; 

3. Any study that included RNFL or GCL thickness as the outcome measures; and/or 

4. Any study that investigated the association between ADHD and RNFL/GCL with reported effect sizes.  

These criteria were applied to all titles, abstracts, and full manuscripts. Case reports, editorials, commentaries, 

animal studies, conference abstracts, and studies not meeting the above-mentioned criteria were excluded from 

the review.  

Study selection and bias risk assessment  

We examined the quality of studies using the Newcastle Ottawa Scale (NOS), which is an evidence-based quality 

assessment tool for systematic reviews of non-randomized studies [13]. Studies were assessed on three 

dimensions: (1) selection of the study groups, (2) comparability of the groups, and (3) ascertainment of either 

exposure or outcomes of interest, respectively. The NOS provides an overall score of the methodological quality 

on a scale of up to nine stars, with higher scores indicating better quality.  

Data collection 

Two reviewers (S. L. and A. C.) independently extracted data into a customized database. Discrepancies were 

resolved through discussions with a third reviewer (K.W.K.). The extracted information included authors and 

titles of the study, publication year, methods of eye selection (i.e., single or both eyes), OCT model, details of 

each study population (sample size, age, and sex), and outcome variables of RNFL and GCL in terms of mean 

and standard deviation. The outcome variables included global values, and if any, the measured area of each 

sector. We extracted all the information from the published reports and calculated the average values in multiple 

subsectors as appropriate. For studies that reported OCT measurements of the left and right eye separately, we 

used the left eye measurements in the meta-analysis.  
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Data synthesis and analysis  

We used RevMan software (version 5.3; The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, 

Denmark) for the statistical analyses. We analyzed RNFL and GCL thickness as continuous variables. In studies 

that reported eight sectors of the RNFL instead of four sectors, the mean and standard deviations of the thickness 

of relevant subsectors were transformed into a combined value with corresponding standard deviations. As 

different models of OCT might have been adopted for measuring RNFL/GCL thickness, we standardized the mean 

difference to give a more uniform summary estimate. We used means and standard deviations to estimate the 

standardized mean difference (SMD) with 95% confidence intervals (CIs). The amount of heterogeneity was 

estimated using Higgins I2. Random effects model was used for pooled estimates in view of different OCT models 

that were used in different studies. Sensitivity analysis was performed by using data obtained from right eyes, and 

subgroups of different imaging protocols.  Potential publication bias was explored with funnel plots.  

RESULTS 

Study selection and characteristics  

A total of 16 publications were retrieved from EMBASE and MEDLINE databases, of which six studies were 

eligible for detailed screening and evaluation. Overall, only four articles met our criteria for inclusion in the meta-

analysis (Figure 1 and Appendix 1). Data of a total of 314 participants (including 164 subjects with ADHD and 

150 control subjects) were included in the analysis. Table 1 summarizes the characteristics of the included studies. 

The quality assessments suggested all the included studies had good methodological quality (Table 2). All four 

studies were from Turkey and were published between 2018 and 2020. All four cross-sectional studies had a case-

control study design. All studies measured peripapillary RNFL thickness, but only two studies measured macular 

GCL thickness [14,15]. The age and sex significantly differed in one study, which was subsequently controlled 

for statistically [15].  

With the exception of the study by Bodur et al., all studies excluded patients with ocular pathologies 

(e.g., glaucoma). All studies included both eyes in the analysis and two studies analyzed the left and right eyes 

separately [15,14]. All studies used spectral domain OCT: two used Heidelberg Spectralis (Heidelberg 

Engineering, Heidelberg, Germany) [16,17], one used Cirrus HD-OCT (Carl Zeiss Meditec, Inc., Dublin, Ireland) 

[15], and one used Optovue RTVue-100 (Optovue, CA, USA) [14]. All measurements were processed using the 

instruments’ built-in programs.  
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RNFL thickness in ADHD subjects and controls 

The studies measured the peripapillary RNFL thickness in a total of 164 ADHD patients (239 eyes) and 150 

healthy controls (225 eyes). Overall, there was a slight decrease in the global RNFL thickness in patients with 

ADHD compared with healthy controls (SMD, -0.23; 95% CI, -0.46, -0.01; p=0.04; I2=0%). The subsequent 

analysis of each quadrant showed no statistically significant differences (Figure 2). The overall global RNFL 

thinning among patients with ADHD remained statistically positive even after excluding studies that did not have 

age- and gender-matched controls (data not shown) [15]. 

GCL thickness in ADHD subjects and controls 

The global GCL thickness was examined in two studies on 89 participants (89 eyes) and 75 healthy controls (75 

eyes). There were no statistically significant differences in the global GCL thickness between ADHD patients and 

healthy controls (Figure 3). Only the study conducted by Bodur et al. included detailed information on the sectoral 

GCL thickness. Compared to age- and gender-matched healthy controls, there was significant thinning in the 

superior (-4.36 μm for right eyes; -3.80 μm for left eyes) and inferior (-4.67 μm for right eyes; -3.25 μm for left 

eyes) sectors, and total GCL thickness (-4.53 μm for right eyes; -3.59 μm for left eyes) in the ADHD group [10].

We conducted several sensitivity analyses (Appendix 2). With only right eyes included in the analysis, 

peripapillary RNFL thickness was found to be reduced in ADHD patients, but this result did not reach statistical 

significance. Out of the included studies, two studies used a circular method to measure RNFL, whereas the other 

studies did not clearly state the RNFL measuring protocols. Nevertheless, the findings were similar and consistent 

across studies after stratifying the analysis according to the different RNFL measuring protocols.  

DISCUSSION 

This is the first meta-analysis study of an association between RNFL/GCL thickness and ADHD in children. This 

study reviewed the currently published evidence on RNFL/GCL thickness and ADHD in children. We found that 

ADHD in children was associated with a reduction in the global peripapillary RNFL thickness but was not 

associated with the thickness of any individual quadrant of the RNFL. Although global GCL thickness appeared 

to be reduced in children with ADHD compared with normal controls, the differences were not statistically 

significant. 

Both RNFL and GCL thickness are highly relevant in the management of glaucoma, which is a 

neurodegenerative condition characterized by the progressive loss of ganglion cells. Besides the evaluation of 

these important parameters in children with ADHD, other features such as other layers of the retina, choroid, or 
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the characteristic of the vasculature were not explored in the existing studies. With advancements in OCT 

technologies, we can visualize the different layers of the posterior segment of the eye, which should allow more 

study parameters to be included in such analyses.   

Although the exact etiology of ADHD is still unknown, it is likely to be multi-factorial in origin involving 

both genetic and environmental factors. The neurodevelopmental hypothesis proposes the development of ADHD 

involves a delay in brain maturation caused by disrupted neurological pathways [18]. Emerging evidence suggests 

there is an association between ADHD and neuropathology similar to seizure disorders [19]. The RNFL contains 

ganglion cells with unmyelinated axons, which are considered to be an extension of the cerebral gray matter. In 

our review, we found there was a tendency for cell loss within the GCL and possible RNFL thinning in ADHD, 

which correlated with previous MRI findings of reduced cerebral gray matter in ADHD [19]. 

Our findings are also in line with recent evidence on other mental disorders including schizophrenia [20], 

bipolar disorder [21], and autism spectrum disorder [22]. However, different to these studies, the quantitative 

analysis in our review revealed only a small change in RNFL thickness in ADHD patients. This could be due to 

methodological limitations or the relatively small sample sizes of the included studies, as well as the fact that 

RNFL thinning in children with ADHD may take years to develop. Hence, further studies with larger sample sizes 

and longer follow-up are needed.  

We only included high quality studies with a low risk of bias according to the published guidelines. 

Sensitivity analyses have further confirmed our findings, and there was no significant publications bias in the 

included studies. The differences in all four studies were toward the same direction, and the heterogeneity was 

low, suggesting the effect is consistent. Nevertheless, this meta-analysis had some limitations and our findings 

need to be interpreted with caution. As with other meta-analyses, our study may be affected by reporting or 

publication bias; however, the funnel plots suggested there was a low risk of bias. All the included studies had 

relatively small sample sizes, and the low number of studies found in our literature search showed there is limited 

research in this area. All four included studies were published from Turkey which may reduce the generalizability 

of this meta-analysis to the global population. Hence further larger-scale studies containing multiple 

ethnicities/racial groups should be warranted in view of the borderline pooled P value. Despite the ability of SD-

OCT to capture images at high speed, children with ADHD may be less compliant compared to the healthy 

controls, resulting in the possibility that children with moderate to severe ADHD were excluded from these studies 

[17]. The pooled estimate of global RNFL thinning in ADHD might therefore have been underestimated, as the 
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studies might have only included children with milder ADHD who would be more cooperative during OCT. 

Lastly, none of the included studies incorporated the OCT magnification effect into the analysis of RNFL/GCL 

thickness, this may bias the validity of measurement in children with ADHD who tend to have higher prevalence 

of refractive error [23]. However, we believe that such bias would be non-differential as the four studies recruited 

children within a similar age range from the same country.   

The included studies used different instruments to measure RNFL/GCL parameters: two used Spectralis 

OCT, one used Cirrus OCT, and one used Optovue RTVue-100, but they all used the SD-OCT method allowing 

us to compare the measurements. Matlach et al. demonstrated a high correlation between peripapillary RNFL 

thickness measured with Cirrus and RTVue 100 in adults (ICC 0.718 – 0.958) [7], and a good agreement between 

the average RNFL thickness measured with Spectralis and Cirrus in healthy adults (ICC 0.663 – 0.908) [24]. In 

children, the correlation between Cirrus and Spectralis was lower (ICC 0.61-0.67), with the average peripapillary 

RNFL thickness higher in Spectralis compared to Cirrus [25]. The average global RNFL thickness was higher in 

the studies by Ayyildiz et al. and Herguner et al. compared to the study by Isik et al. for both ADHD and control 

groups. Furthermore, two of the studies did not specify the area of measurement (Ayyildiz et al. used Heidelberg 

Spectralis and Isik et al. used Cirrus HD-OCT) [15,17], but their reported values were consistent with a 

peripapillray RNFL thickness, and were similar to the values reported in the other two studies that used a Circular 

protocol. 

All case ascertainment adopted clinically validated diagnostic interviews (K-SADS-PL in three studies, and 

DSM-V in one study) and all assessments were performed by child psychiatrists. Although K-SADS-PL and 

DSM-V instruments are similar, a standardized diagnostic tool for defining ADHD would further improve 

consistency and reduce bias. The inclusion of both eyes in the analysis could lead to an erroneously high 

correlation. However, subgroup analysis could not be performed in this meta-analysis because of the small number 

of included studies. All included studies were cross-sectional in nature, which cannot rule out the possibility of 

reverse causation.  

In summary, our study summarized the existing evidence and revealed a possible association between 

ADHD and retinal fiber layer thinning in children. Further larger-scale, multiethnic and longitudinal studies are 

warranted to confirm this association.  
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Figure Legend

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flowchart for study 

inclusion

Fig. 2 Forest plots showing differences in global and sectoral Retinal Nerve Fibre Layer (RNFL) thickness 

between ADHD and control groups 

Fig. 3 A Forest plot showing differences in global Ganglion Cell Layer (GCL) thickness between ADHD and 

control groups 
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flowchart for 

study inclusion  



Fig. 2 Differences in global and sectoral RNFL thickness between ADHD and control groups

A. Global RNFL  

B. Superior Sector  

C. Inferior Sector 

D. Temporal Sector 

E. Nasal Sector   



Fig. 3 Differences in global GCL thickness between ADHD and control groups 



Table 1. Summary of included studies and patient characteristics  

Year  Study location Age 

(Yrs)  

No. of ADHD  Type of ADHD Treatment No of control OCT model & Type 

Ayyildiz 2019 Turkey 8-16 30 ADHD No 30 Heidelberg Spectralis 

(SD-OCT) 

Bodur 2018 Turkey 6-12 31 ADHD 

ADHD+ODD 

No 31 OptoVue 

(SD-OCT) 

Herguner 2018 Turkey 7-12 45 ADHD 

ADHD+ ODD 

No 45 Heidelberg Spectralis 

(SD-OCT) 

Isik 2020 Turkey 9±2.41 58 ADHD No  44 Cirrus  

(SD-OCT)  

ADHD: Attention-Deficit/Hyperactive Disorder; ODD: Oppositional Defiant Disorder; SD-OCT: Spectral Domain Optical Coherence Tomography. 



Table 2. Methodological Quality Rating with NOS scale  

Selection Comparability Exposure Total 

Case 

definition 

Representa

tiveness of 

the case 

Selection 

of controls 

Definition 

of controls 

On basis of design 

or analysis 

Ascertain

ment of 

exposure 

Same method of 

ascertainment 

for cases and 

controls 

Non-

response 

rate 

Ayyildiz 2019 * * * * * *****

Bodur 2018 * * * * * *****

Herguner 2018 * * * * * * ******

Isik 2020 * * * * ****

Note: columns represent the quality items. Stars indicate positive endorsement. The NOS ranges from 0 to 9 stars, with higher scores indicating higher quality.  
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Appendix 1: Search strategy 

Key terms for Embase, PubMed, Medline, Web of Science, and PsycINFO search (.docx) 

(Attention deficit disorder with hyperactivity OR attention deficit/hyperactivity disorder OR adhd OR 
addh OR hyperkinesis OR impulsive behaviour OR impulsivity) And ((retinal nerve fiber layer OR 
RNFL) OR (ganglion cell layer or GCL) )   

Key terms for Embase, PubMed, Medline, Web of Science, and PsycINFO search.

Search Query
#1 ("attention deficit disorder with hyperactivity"[MeSH Terms] OR "attention deficit disorder with 

hyperactivity"[All Fields] OR "attention deficit disorder hyperactivity"[All Fields] OR "attention 
deficit/hyperactivity disorder"[All Fields] OR "adhd"[All Fields] OR "addh"[All Fields]  OR 
“hyperkinetic*[All Fields] OR "hyperkinesis"[MeSH Terms] OR "hyperkinesis"[All Fields] OR 
"impulsive behavior"[MeSH Terms] OR "impulsivity"[All Fields] )

#2 (“retinal nerve fiber layer” [MeSH Terms] OR "Retinal nerve fiber layer"[All Fields]) OR 
"ganglion cell layer"[MeSH Terms] OR "ganglion cell layer "[All Fields] OR  "RNFL"[All Fields] 
or "GCL"[All Fields])

#3 #1 AND #2  
No limits



Appendix 2 

Fig. 4 Sensitivity analysis including right eyes 

Global RNFL 

Fig. 5 Sensitivity analysis with different protocols for measuring RNFL thickness 

1) Global RNFL (with left eyes included in the analysis) 
a) Circular protocol  

b) Unknown protocol  

2) Global RNFL (with left eyes included in the analysis)  
a) Circular protocol  

b) Unknown protocol 



PRISMA 2009 Checklist

Section/topic # Checklist item 
Reported 
on page # 

TITLE 

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

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.  

2 

INTRODUCTION 

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

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

3 

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 

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.  

3-4 

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.  

3-4 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

4, 
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).  

4 

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.  

4 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

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.  

4 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  5 
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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.  

5 
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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).  

5 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

5 

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.  

Figure 1 

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.  

5 

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).  5 

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.  

Figure 2 
& 3  

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Figure 2 
& 3 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  5-6 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  Appendix 
2 

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).  

6-7 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

7-8 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  9 

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.  

Nil  
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doi:10.1371/journal.pmed1000097  
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