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Abstract 22 

Background 23 

Exercise improves blood flow in the retina and is protective in retinal disease. Recent advances have 24 

transformed retinal optical imaging, and started to change our understanding of the pathogenesis of 25 

retinal disease. The aim of the scoping review is to map current methods used to measure the effect 26 

of aerobic exercise in the human eye. 27 

Methods 28 

We will use a three-step search strategy to identify relevant studies. The search strategy will be 29 
developed by an academic librarian in collaboration with the review authors. We will include studies 30 
involving humans, published after 2000 in English, German and Scandinavian languages, using 31 
experimental and epidemiological study designs, including randomized controlled trials, non-32 
randomized controlled trials, quasi-experimental studies, before and after studies, prospective and 33 
retrospective cohort studies, case-control studies, and analytical cross-sectional studies. A two-step 34 
approach will complete the screening and selection of studies based on predefined inclusion and 35 
exclusion criteria. Two independent reviewers will screen titles and abstracts to identify potential 36 
eligible studies, and then two pairs of reviewers will screen the full text for inclusion. In case of 37 
disagreement, the reviewers will discuss to reach consensus. If they fail to reach consensus, a third 38 
reviewer will make the decision. A PRISMA flow chart will document the process and selection. We 39 
will extract, collate, and summarize the data to provide a narrative map of measurement methods of 40 
the effect of aerobic exercise in the eye using descriptive thematic analysis, and provide a critical 41 
appraisal of the included studies. Reporting will follow PRISMA guidelines, and text, tables, and 42 
bubble diagrams will present the results. The discussion will address potential knowledge gaps.  43 
 44 

Discussion 45 

Ethical approval of review of published scientific work is not required. We will ensure transparency 46 

and rigorousness of the research by publication of the protocol and findings.  47 

 48 

Systematic review registration 49 

This protocol is registered in Figshare, doi: 10.23642/usn.14535306 50 
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Background 56 

The benefit of a physical active lifestyle in prevention of chronic diseases and premature death are 57 
well documented.(1,2) The preventive effect of physical activity is related to physiological 58 
adaptations, including improvement in  cardiorespiratory fitness, blood glucose control, blood lipid 59 
profile, body composition, inflammation, and blood pressure.(3,4) Further, physical activity also seem 60 
to have impact on eye health. Exercise adapts the normal blood flow in the retina and choroid, likely 61 
improving retinal nourishment and preventing retinal disease.(5) Age-related macular degeneration, 62 
glaucoma and diabetic retinopathy are among the five most common causes of visual impairment.(6) 63 
Higher levels of physical activity are associated with lower occurrence of diabetic retinopathy, and 64 
has a protective effect on age-related macular degeneration and glaucoma. While the World Health 65 
Organization has a global agenda to reduce the burden of eye disease and vision loss,(7) exercise as a 66 
strategy to prevent and reduce vision impairment is overlooked. 67 
  68 
The eye is a window to health and disease. A recent review highlights the effect of exercise on retinal 69 

microvascular health through life, and the retinal vessel analysis as a monitoring tool.(8) However, 70 

recent advances has transformed retinal optical imaging, as well as started to change our 71 

understanding of the pathogenesis of retinal disease and play an increasing role in the early diagnosis 72 

and management.(9) The new imaging modalities include optical coherence tomography (OCT), 73 

optical coherence tomography angiography (OCTA), photoacoustic microscopy (PAM), adaptive 74 

optics (AO), scanning laser ophthalmoscopy (SLO), fundus autofluorescence (FAF), and molecular 75 

imaging. OCT and OCTA are commercially available and provide non-invasive capture of retinal 76 

structures and microvasculature. OCTA also provides vascular maps  visualizing and quantifying 77 

retinal perfusion and foveal avascular zone.(10) At present, there are no clinical approved systems 78 

for PAM in the eye, and reported results are from in vivo or animal studies. However, PAM can 79 

provide estimates of oxygen saturation of haemoglobin (sO2) and retinal metabolic rate of oxygen 80 

(rMRO2), and in combination with SD-OCT both sO2 and blood flow rate can be measured and 81 

advance our understanding of eye diseases like diabetic retinopathy and glaucoma.(9) AO allows in-82 

vivo imaging at cellular level and SLO enhances imaging contrast. FAF map fluorophosphores in the 83 

retina and provides information on the metabolic state and the general health of the retinal pigment 84 

epithelium and photoreceptors. Whereas molecular imaging aims to visualize molecular process and 85 

functional changes. Hence, there are numerous new potential options to measure effect of aerobic 86 

exercise in the eye using commercial and experimental methods. A preliminary search for existing 87 

scoping reviews and systematic reviews in PubMed and Cochrane Database of Systematic Reviews 88 

(22.02.2021) did not identify any published reviews on methods of measuring the effect of aerobic 89 

exercise in the eye. The objective of this scoping review is to map current methods used to measure 90 

the effect of aerobic exercise in the human eye. 91 

 92 

Methods 93 

The scoping review will follow the JBI Manual for Evidence Synthesis for Scoping review,(11) and the 94 

Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for Scoping Reviews 95 

(PRISMA-ScR).(12) The scoping review is registered in the online open access repository Figshare.  96 

 97 

Identifying the research question 98 

The main aim of the scoping review is to map measurement methods of the effect of aerobic exercise 99 

in the eye, in specific the retina and choroid. We will identify theoretical foundations of the effect of 100 

aerobic exercise (physiological adaptation and effect on pathophysiology), main concepts of 101 



measurements (outcome measures), sources of measurements (methods of examinations), as well as 102 

knowledge gaps related to application of the eye as an outcome measure of aerobic exercise in 103 

research and clinical practice.  The scoping review questions are: 104 

1. “What physiological adaptations to aerobic exercise is observed in the eye?” 105 

2. “What impact does aerobic exercise have on pathophysiology in eye?” 106 

3. “What eye structures are used as outcome measures for effect of aerobic exercise?” 107 

4. “What methods of examination are used to assess the effect of aerobic exercise in the eye?” 108 

5. “What are the knowledge gaps of measuring the effect of aerobic exercise in the eye?” 109 

Identifying relevant studies 110 

We will use a three-step search strategy to identify relevant studies. First, we will perform literature 111 

searches in the databases Medline and Embase including studies involving humans, published after 112 

2000 in English, German and Scandinavian languages. The search strategy will be adapted to each 113 

database by an academic librarian in collaboration with the researchers involved in the scoping 114 

review. The search will consist of controlled keywords (Thesaurus / Medical subject headings (MESH) 115 

and text words (keywords)) for “training AND eye health AND measurement methods”, full search 116 

terms are provided in Supplementary File 1. Second, we will analyse the text words contained in the 117 

title and abstract of retrieved papers and of the index terms used to describe the articles, and 118 

perform a second search in Medline, Embase and Cochrane using all identified keywords and index 119 

terms. Third, we will search the reference list of papers included for full text reading for additional 120 

sources. We will include experimental and epidemiological study designs, including randomized 121 

controlled trials, non-randomized controlled trials, quasi-experimental studies, before and after 122 

studies, prospective and retrospective cohort studies, case-control studies, and analytical cross-123 

sectional studies in the scoping review. Qualitative studies, case report, reviews, and conference 124 

abstracts will be excluded. 125 

 126 

Study selection 127 

We will export the search results to Endnote and remove duplicate studies, then export the results to 128 
Rayyan QCRI(13) for screening of titles, keywords and abstract. We will complete the screening and 129 
selection of studies in a two-step approach. First, two independent reviewers will screen titles and 130 
abstracts to identify potential eligible studies. In case of disagreement, the two reviewers will discuss 131 
the disagreement to reach consensus, if they fail to reach consensus, a third reviewer will make the 132 
decision. Second, the two pairs of independent reviewers will screen the full text of the potentially 133 
eligible studies for inclusion in the scoping review. They will contact the study authors if additional 134 
information is required to determine if a study meets the inclusion criteria. Resolving disagreement 135 
will follow the same procedure for resolving as for the screening of titles and abstracts. We will 136 
document the study selection and outline the process using a PRISMA flow chart. Supplementary File 137 
2 provides a description of selection sources and results extraction. Before starting the screening and 138 
selection of studies, the two reviewers will pilot the source selection using a random sample of 25 139 
title and abstracts, discuss any disagreements and make necessary modifications to the eligibility 140 
criteria. The screening will start when agreement between the reviewers is 75% or higher.  141 
 142 

Charting the data 143 

We will extract the data and provide a logical and descriptive summary of the results for effects of 144 

aerobic exercise in the eye (physiological adaptation and impact on pathophysiology), main concepts 145 

of measurements (eye related outcome measures) and sources of measurements (methods of 146 

examination). In the three summary tables, we will include key information of the source (Author(s), 147 



title, year of publication, country, study design, aim, population, sample size, type of aerobic 148 

exercise) and results or findings relevant to the review questions (physiology, pathophysiology, 149 

outcome measures and examination methods), Supplementary File 2. A trial of the extraction form 150 

by two independent reviewers on three sources provides a pilot for data extraction to ensure 151 

extraction of all relevant results. Further, if indicated during the review process, we will refine the 152 

data extraction and update the charting tables, allowing the charting of results to be an iterative 153 

process.  154 

Collating, summarising and reporting the results 155 

First, we will collate and summarize the results from the data extraction to provide a narrative map 156 

of measurement methods of the effect of aerobic exercise in the eye, and potential knowledge gaps. 157 

(14) A descriptive, deductive content analysis(15) will disclose physiological adaptations to aerobic 158 

exercise in the eye, impact of aerobic exercise on pathophysiology in eye, the eye structures used as 159 

outcome measures for effect of aerobic exercise, and methods of examination used to assess the 160 

effect of aerobic exercise in the eye. Second, we will provide a critical appraisal of the included 161 

studies and report the risk of bias of using RoB 2 (A revised tool to assess risk of bias in randomized 162 

trials), ROBINS-I (Risk Of Bias In Non-randomized Studies - of Interventions) and AXIS (Appraisal tool 163 

for Cross-Sectional Studies).(16–18) Reporting will follow PRISMA guidelines(19) and text, tables and 164 

bubble diagrams will present the results of the scoping review.(14) 165 

 166 

Patient and Public Involvement statement 167 

Information scientists or potential stakeholders is not involved in the conception, design or planning 168 

of the study. Consulting expert opinions from researchers at the National Centre of Optics, Vision and 169 

Eye Care and the research Health & Exercise – A Life Course Perspective before dissemination 170 

ensures broad discussion of the findings. 171 

 172 

Discussion 173 

Visual impairment has a negative impact on wellbeing and quality of life, and the World Health 174 

Organization has set a global agenda to reduce the burden of eye disease and vision loss. Aerobic 175 

exercise is shown to improve blood flow in eye and prevent the pathogenesis of retinal disease. 176 

Moreover, recent advances in technology has transformed retinal imaging and our understanding of 177 

the pathogenesis of retinal disease. Existing imaging techniques can provide reliable vascular maps 178 

and visualize vascular changes, as well as adaptations to aerobic exercise. However, to date no 179 

review has provided a thorough knowledge overview of existing methods used to measure 180 

adaptations to aerobic exercise in the eye. This paper describes the protocol of a scoping review with 181 

aim to provide a map of methods of measurement of the effect of aerobic exercise in the human eye 182 

and potential knowledge gaps related to methods and application of the eye as an outcome measure 183 

of aerobic exercise in research and clinical practice. The protocol outlines the methods of the 184 

proposed scoping review and ensures research integrity and transparency, as well as replicability for 185 

future research. The scoping review can generate recommendations and implications for primary 186 

research and/or other reviews. However, recommendations for practice or policy are outside the 187 

scope of this review.   188 

 189 

 190 



List of abbreviations 191 

AO; adaptive optics (AO) 192 

AXIS; Appraisal tool for Cross-Sectional Studies  193 

FAF; fundus autofluorescence  194 

OCTA; optical coherence tomography angiography 195 

PAM; photoacoustic microscopy 196 

PRISMA-ScR; Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for 197 

Scoping Reviews  198 

RoB 2; A revised tool to assess risk of bias in randomized trials) 199 

ROBINS-I; Risk Of Bias In Non-randomized Studies - of Interventions 200 

rMRO2; retinal metabolic rate of oxygen  201 

SLO; scanning laser ophthalmoscopy (SLO) 202 

sO2; oxygen saturation of haemoglobin  203 

 204 

Declarations 205 

Ethics approval and consent to participate 206 

Not applicable 207 

Consent for publication 208 

Not applicable 209 

Availability of data and materials 210 

Not applicable 211 

Competing interests 212 

The authors declare that they have no competing interests 213 

Funding:  214 

This research received no specific grant from any funding agency in the public, commercial or not-215 

for-profit sectors. 216 

Authors’ Contributions:  217 

VS contributed to the conception of the design of the work, drafted the protocol, critically revised 218 

the protocol and finally approved the version to be published.  219 

HRP contributed to the conception of the design of the work, critically revised the protocol and 220 

finally approved the version to be published. 221 

EMS contributed to the conception of the design of the work, critically revised the protocol and 222 

finally approved the version to be published. 223 

Acknowledgements 224 

Not applicable 225 

  226 



References 227 

1.  Blair SN, Morris JN. Healthy Hearts—and the Universal Benefits of Being Physically Active: 228 
Physical Activity and Health. Ann Epidemiol. 2009 Apr;19(4):253–6.  229 

2.  Warburton DER. Health benefits of physical activity: the evidence. Can Med Assoc J. 2006 Mar 230 
14;174(6):801–9.  231 

3.  Lee D, Artero EG, Xuemei Sui, Blair SN. Review: Mortality trends in the general population: the 232 
importance of cardiorespiratory fitness. J Psychopharmacol (Oxf). 2010 Nov;24(4_suppl):27–35.  233 

4.  Lidegaard LP, Hansen A-LS, Johansen NB, Witte DR, Brage S, Lauritzen T, et al. Physical activity 234 
energy expenditure vs cardiorespiratory fitness level in impaired glucose metabolism. 235 
Diabetologia. 2015 Dec;58(12):2709–17.  236 

5.  Li H-Y, Rong S-S, Hong X, Guo R, Yang F-Z, Liang Y-Y, et al. Exercise and retinal health. Antal A, 237 
Sabel B, editors. Restor Neurol Neurosci. 2019 Dec 13;37(6):571–81.  238 

6.  Steinmetz JD, Bourne RRA, Briant PS, Flaxman SR, Taylor HRB, Jonas JB, et al. Causes of 239 
blindness and vision impairment in 2020 and trends over 30 years, and prevalence of avoidable 240 
blindness in relation to VISION 2020: the Right to Sight: an analysis for the Global Burden of 241 
Disease Study. Lancet Glob Health. 2021 Feb;9(2):e144–60.  242 

7.  WHO. The world report on vision [Internet]. World Health Organization; 2019. Available from: 243 
https://www.who.int/publications/i/item/world-report-on-vision 244 

8.  Streese L, Guerini C, Bühlmayer L, Lona G, Hauser C, Bade S, et al. Physical activity and exercise 245 
improve retinal microvascular health as a biomarker of cardiovascular risk: A systematic review. 246 
Atherosclerosis. 2020 Dec;315:33–42.  247 

9.  Li Y, Xia X, Paulus Y. Advances in Retinal Optical Imaging. Photonics. 2018 Apr 27;5(2):9.  248 
10.  Spaide RF, Fujimoto JG, Waheed NK, Sadda SR, Staurenghi G. Optical coherence tomography 249 

angiography. Prog Retin Eye Res. 2018 May;64:1–55.  250 
11.  Peters MDJ, Godfrey C, McInerney P, Munn Z, Tricco AC, Khalil, H. Chapter 11: Scoping Reviews 251 

(2020 version). In: JBI Manual for Evidence Synthesis [Internet]. JBI; 2020. Available from: 252 
https://synthesismanual.jbi.global.  https://doi.org/10.46658/JBIMES-20-12 253 

12.  Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for 254 
Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann Intern Med. 2018 Oct 255 
2;169(7):467.  256 

13.  Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and mobile app for 257 
systematic reviews. Syst Rev. 2016 Dec;5(1):210.  258 

14.  Nyanchoka L, Tudur-Smith C, Thu VN, Iversen V, Tricco AC, Porcher R. A scoping review 259 
describes methods used to identify, prioritize and display gaps in health research. J Clin 260 
Epidemiol. 2019 May;109:99–110.  261 

15.  Elo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs. 2008 Apr;62(1):107–15.  262 
16.  Downes MJ, Brennan ML, Williams HC, Dean RS. Development of a critical appraisal tool to 263 

assess the quality of cross-sectional studies (AXIS). BMJ Open. 2016 Dec;6(12):e011458.  264 
17.  Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, et al. ROBINS-I: a 265 

tool for assessing risk of bias in non-randomised studies of interventions. BMJ. 2016 Oct 266 
12;i4919.  267 

18.  Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool 268 
for assessing risk of bias in randomised trials. BMJ. 2019 Aug 28;l4898.  269 

19.  Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JPA, et al. The PRISMA 270 
statement for reporting systematic reviews and meta-analyses of studies that evaluate 271 
healthcare interventions: explanation and elaboration. BMJ. 2009 Dec 4;339(jul21 1):b2700–272 
b2700.  273 


