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Précis 

Higher physical working capacity at age 17 was associated with thicker peripapillary retinal 

nerve fibre layer at age 20, suggesting a mechanistic link between cardiovascular fitness and 

neuroretinal integrity. 
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Abstract 

Purpose: Physical activity and cardiovascular fitness has been linked with lower odds of 

developing glaucoma. We tested the hypothesis that early beneficial effects of physical 

activity and cardiovascular fitness can be observed by measuring the peripapillary retinal 

nerve fibre layer (pRNFL) thickness in young healthy adults. 

Methods: The Raine Study is a longitudinal study that has followed a cohort since before 

their births in 1989-1992. Parent-reported physical activity was collected between 8 and 17 

years, and latent class analysis was used to identify the participants’ physical activity 

trajectories. At the 20-year follow-up (participants’ mean age= 20.10.4 years), participants’ 

metabolic equivalent of task-minutes/week (MET-mins/wk) was determined using self-

reported physical activity data. Participants’ physical working capacity (PWC)was assessed 

at the 14- and 17-year follow-ups to estimate their level of cardiovascular fitness. An eye 

examination, which included spectral-domain optical coherence tomography imaging, was 

conducted at the 20-year follow-up for 1344 participants. 

Results: Parent- or participant-reported physical activity was not associated with pRNFL 

thickness. However, higher PWC at 17 years was associated with thicker pRNFL globally (by 

0.39µm; 95% confidence interval [CI]=0.2-0.6; p<0.001), superotemporally (by 0.40µm; 

95%CI=0.1-0.7; p=0.013), inferonasally (by 0.71µm; 95%CI= 0.10-0.89; p=0.002), and 

nasally (by 0.4µm; 95%CI=0.12-0.74; p=0.006). 

Conclusions: The association between estimated cardiovascular fitness and pRNFL thickness 

suggests there may be overlapping mechanisms for cardiovascular health and retinal ganglion 

cell integrity. While the effect sizes were small, it is possible that larger effects and clinically 

significant associations may arise as we follow this cohort of participants through their later 

adulthood. 
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Introduction 

Physical activity is well established to be protective against various chronic health 

conditions, especially cardiovascular and metabolic diseases.
1
 Unfortunately, the global 

populations have generally failed to meet the recommended amount of physical activity (at 

least 150 minutes of moderate or 75 minutes of vigorous physical activity per week).
2
 In 

Australia, while up to two hours of physical education is mandated in primary and high 

schools (6 to ~15 years old); beyond that age, there is no standardised or mandatory physical 

activity promotion programs, which may contribute to failure to meet physical activity 

guidelines in adulthood. 

Physical activity has been associated with lower rates of eye diseases.
3
 The Beaver 

Dam Eye Study reported that regular participation in physical activity (at least 3 times a 

week) at baseline was associated with a lower 15-year incidence of age-related macular 

degeneration (odds ratio of 0.3).
4
 The cross-sectional Beijing Eye Study similarly found 

lower prevalence of age-related macular degeneration and diabetic retinopathy in individuals 

with higher reported levels of physical activity.
5
 However, the authors

5
 did not observe any 

significant association between physical activity levels and glaucoma. This is in contrast to 

several other studies which found an inverse relationship between levels of physical activity 

and glaucoma risk
6-8

 or rate of progression.
9
 A longitudinal study

9
 of 141 participants with 

glaucoma found that the relative rate of visual field mean deviation loss slows by 0.007 

decibels per year for each additional 1000 steps taken per day and by 0.003 decibels per year 

for every 10 minutes of moderate or vigorous physical activity per day. 

Cardiovascular fitness, a measure of an individual’s capacity to deliver oxygen to 

muscle tissues which may be modifiable by physical activity, have similarly been linked with 

health and ocular benefits.
10

 Williams et al.
8
 reported that higher levels of cardiovascular 

fitness, as measured by average speed in a 10-kilometre run, was associated with lower 
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incidence of glaucoma over an 8-year period in male recreational runners. In a sample of over 

9000 middle-aged and older adults, participants with high fitness levels (in the highest 

tertile), as measured by a maximal treadmill test, were about 40% less likely to have incident 

glaucoma than those with low-fitness (lowest tertile) over an approximately 6-year period.
6
 

Studies that have looked at the association between physical activity or cardiovascular 

fitness and glaucoma have mainly included participants in middle-age or late adulthood. 

However, it is likely that these factors start to influence ocular parameters from young 

adulthood or even childhood and adolescence onwards. In previous studies, we have 

demonstrated that ocular manifestations of obstructive sleep apnoea
11

 and endogenous stress 

markers
12

 could be observed as early as 20 years of age. In this study, we tested the 

hypothesis that physical activity and cardiovascular fitness during childhood and adolescence 

are associated with the retinal nerve fibre layer thickness during young adulthood, before the 

onset of ocular diseases. 

METHODS 

The Raine Study has followed a cohort longitudinally since their prenatal periods when 2,900 

pregnant women were enrolled from the King Edward Memorial Hospital and surrounding 

clinics in Perth, Western Australia. Between November 1989 and May 1992, 2,868 children 

were born to these women and have been undergoing a series of health and medical tests and 

answering questionnaires on a regular basis. Assessments were conducted at the 1-, 2-, 3-, 5-, 

8-, 10-, 14, 17-, and 20-year follow-ups. Written informed consent was obtained from the 

participant (or their parent if below 18 years old) at each follow-up. All follow-ups of the 

Raine Study were approved by the relevant institutional Human Research Ethics Committee 

and were conducted in accordance with the Declaration of Helsinki. 

Physical activity trajectory from childhood to adolescence 
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Engagement in physical activity during childhood and adolescence was determined 

using parent-reported questionnaire data.
13

 At the 8-year follow-up, parents classified their 

child’s current level of activity as “sedentary” (score = 1; less active), “slightly active – gets 

some exercise” (score = 2; equal active), or “active – is involved in organized activity 2 or 3 

times per week” (score = 3; more active). Then, at the 10-, 14-, and 17-year follow-ups, 

parents were asked how their child’s current level of activity compared to that of other 

children of the same age: “less active” (score = 1), “equal active” (score = 2), “more active” 

(score = 3), or “unable to comment” (excluded from analysis). 

The responses from these questions were then used to determine the physical activity 

trajectory. Trajectory modelling allows the capture of the long-term trends of one or more 

variables and this approach is being applied in a range of health and medical research.
14-18

 

The trajectory modelling technique for this physical activity variable has been described by 

Howie et al.
13

 Briefly, the optimal number of classes was based upon a combination of 

statistical criteria, parsimony, and interpretability.
19

 Three trajectory groups chosen were: 

low-activity (11.6% of sample), medium-activity (64.5%), and high-activity (24.0%) over the 

9-year period between the 8- and 17-year follow-ups. 

Physical activity at the 20-year follow-up 

At the 20-year follow-up, participants completed the short form International Physical 

Activity Questionnaire (IPAQ-short), on which participants reported how much time they 

spent walking, undertaking moderate-intensity physical activity, and undertaking vigorous 

intensity physical activity in the past 7 days (days/week and hours or minutes/day). The 

IPAQ has been shown to have acceptable criterion validity and test-retest reliability for 

assessing self-reported physical activity.
20

 A metabolic equivalent of task (MET) expenditure 

was assigned to each category of activity (walking: 3.3; moderate: 4.0; vigorous: 8.0)
21

 and 

this was used to estimate the moderate and vigorous physical activity (MVPA) MET-minute 
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per week and the total MET-minute per week.
21

 Both MVPA and total MET-minute per week 

were used as it is yet unclear which may be more predictive of ocular health outcomes. 

Estimated cardiovascular fitness during adolescence 

At the 14- and 17-year follow-ups, participants underwent a fitness test that included a 

cardiovascular endurance assessment.
22

 This involved a 10- to 12-minute ramped workout on 

a bicycle ergometer to estimate their Physical Working Capacity (PWC) to achieve a heart 

rate of 170 beats per minute (bpm). Participants wore a heart rate monitor strapped securely 

around their torso such that the sensor directly touched the skin over the inferior tip of the 

sternum. For 3 to 4 minutes, participants worked on the bike with a starting workload that 

aimed to achieve a heart rate of 100 to 115 bpm, depending on the sex and age of the 

participant at the time of testing (14 or 17 years old). This was then repeated, with increased 

workloads that aimed to achieve heart rates of 115 to 130 and then 130 to 145 bpm. The 

average heart rate was then measured for each workload and this information was used to 

estimate the PWC, which was the estimated physical load (watts) required for the user (the 

participant) to obtain a heart rate of 170 bpm. The PWC is a submaximal graded exercise test 

that can be used to estimate maximum oxygen consumption (VO2max), and has been shown 

to be a suitable method of assessing aerobic fitness in children and adolescents.
23,24

 

Eye examination 

At the 20-year follow-up, participants underwent a comprehensive eye examination at the 20-

year follow-up that included post-cycloplegic autorefraction (Nidek ARK-510A Auto 

Refractometer, Nidek Co Ltd, Japan), ocular biometry (IOLMaster version 5; Carl Zeiss 

Meditec AG, Jena, Germany), tonometry (ICare TAO1i Rebound Tonometer, ICare Finland 

Oy, Vantaa, Finland), and spectral domain optical coherence tomography (SD-OCT; 

Spectralis HRA+OCT, Heidelberg Engineering, Heidelberg, Germany) imaging of the optic 

disc, among others.
25

 Prior to the SD-OCT imaging, the corneal curvature was entered into 
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the program to correct for ocular magnification effects, as per the manufacturer’s 

instructions. A 3.4mm-diameter circular scan around the optic disc was taken, and the 

peripapillary RNFL thickness was measured globally and at six sectors. Bruch’s membrane 

opening area was additionally measured as described in detail previously.
26

 It was used as a 

surrogate for optic disc size and included as a co-variate in the analyses. Scans were 

maintained at a signal-to-noise ratio
27

 of 20 and imaging was repeated if necessary and if the 

participant was willing. Scans were further reviewed offline for poor quality, decentration, 

and segmentation errors. Participants who reported any optic disc pathology or whose eye 

examination revealed possible optic disc pathology were removed from the analysis. 

Statistical analysis 

Analyses were conducted on the R statistical environment (version 3.6.2; 2019 The R 

Foundation for Statistical Computing Platform [https://www.r-project.org/]). Continuous 

variables were expressed in terms of mean and 1 standard deviation (SD) or median and 

interquartile range (IQR) as appropriate. Group difference in demography were analysed 

using independent sample t-test or the Mann-Whitney U test, while categorical variables were 

analysed using chi-square test or Fisher Exact Test. To explore associations of cardiovascular 

fitness or physical activity with ocular measures, Generalised Estimating Equations (GEEs) 

were used as this could account for missing data points, the non-normal distribution of the 

data, and adjustments for potential confounders. Potential confounders in the multivariable 

analyses include sex, ethnicity, systolic and diastolic blood pressure, body-mass index, axial 

length, intraocular pressure, and Bruch’s membrane opening. The analyses initially combined 

male and female participants. However, due to known sex differences in levels of physical 

activity and cardiovascular fitness, sensitivity analyses were further conducted by performing 

separate analyses for both sexes. 
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Both eyes of each participant were included in the analysis, and the exchangeable 

correlation structure implemented in the GEE models accounted for the within-subject 

correlation between the two eyes.
28,29

 The level of significance was set at p< 0.050. However, 

due to the multiple analyses performed, this was adjusted to p< 0.0125 with the Bonferroni 

correction (0.05 divided by 4 independent variables). 

RESULTS 

At the 20-year follow-up, when participants were 18 to 22 years of age (mean= 20.1  0.4 

years), 1344 participants attended the eye examination, of whom 1304 participants had their 

RNFL thickness measured. After excluding those with poor (signal-to-noise ratio<20) or 

truncated scans, eyes with pathology, or participants whose cardiovascular fitness or physical 

activity data were unavailable (Figure 1), there were 1065, 1062, 1038, and 925 participants 

included for the RNFL analyses with the 8- to 17-year physical activity trajectory, and 20-

year MET-minutes/week, 14-year PWC, and 17-year PWC measures, respectively. The 

demography profile of these participants is presented in Table 1. 

Physical activity and RNFL thickness 

The sex and ethnicity data, and RNFL thickness according to physical activity 

trajectory are shown in Table 2. The high-activity trajectory group comprised a significantly 

higher proportion of males than the medium trajectory group (chi-square test, p< 0.001), as 

well as a significantly higher proportion of Caucasians than the low group (Fisher Exact test, 

p= 0.008). There was no significant difference in RNFL thickness between trajectory groups 

(p 0.12), after correcting for probability of trajectory group membership and potential 

confounders. 

At the 20-year follow-up, the median MVPA MET-min/week and the total MET-

min/week were 1360 (IQR= 0 to 3 480) and 2400 (IQR= 792 to 4 896), respectively. Males 

had higher MVPA and total MET-min/week than females (males vs females: median= 2400 
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[IQR= 480 to 5340] and 720 [IQR= 0 to 1920] MVPA MET-min/week; median= 3480 

[IQR= 1221 to 7278] and 1920 [IQR= 594 to 3633] total MET-min/week; both p< 0.001). 

There was no significant association between RNFL at any sector and MVPA or total MET-

minutes/week (all p0.09) after correcting for potential confounders. 

Models with males and females in separate analyses also did not show any significant 

associations between physical activity trajectory or MET-min/week and RFNL thickness. 

Estimated cardiovascular fitness and RNFL thickness 

The median PWCs at the 14- and 17-year follow-ups were 106.6 (IQR = 91.5 to 126.3) and 

119.1 (IQR = 95.0 to 157.2) Watts, respectively. Males had higher PWC than females at both 

follow-ups (males vs females: 14-year means= 124.8  32.2 and 98.2  19.0; 17-year means= 

155.0  42.7 and 101.0  24.5 Watts; both p< 0.001). Higher PWC at the 17-year follow-up 

was significantly associated with thicker RNFL globally (Table 3; p< 0.001) and at the 

inferotemporal, inferonasal, and nasal sectors (all p0.004; Supplementary Table 1, 

Supplemental Digital Content 1, http://links.lww.com/IJG/A549) after correcting for potential 

confounders. A similar trend was observed between the 17-year PWC and the RNFL at the 

superotemporal, inferotemporal, and temporal sectors but these failed to reach statistical 

significance with the Bonferroni correction (Table 4 and Supplementary Table 1, 

Supplemental Digital Content 1, http://links.lww.com/IJG/A549). The PWC at 14 years was 

positively associated with nasal RNFL (estimated +0.04µm per Watt increase in PWC at 14 

years [95%CI= +0.02 to -0.07]; p=0.001) and a similar but insignificant trend noted at the 

global and inferonasal RNFL after correcting for potential confounders (Supplementary 

Table 2, Supplemental Digital Content 1, http://links.lww.com/IJG/A549). 

In the sensitivity analyses, effect sizes and direction of association between PWC at 

14 or 17 years and RNFL thickness remained similar when the two sexes were analysed 
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separately (Supplementary Table 3, Supplemental Digital Content 1, 

http://links.lww.com/IJG/A549). 

DISCUSSION 

Studies have found associations between lower levels of physical activity and visual 

impairment as a result of eye diseases,
3,30

 although it is unclear whether a lack of physical 

activity increases the risk of eye diseases leading to visual impairment, or whether the 

presence of visual impairment prevents or hinders engagement in physical activity. It is likely 

these two features are mutually reinforcing each other, where the lack of physical activity 

increases the risk of future eye disease and visual impairment, which in turn further limits 

one’s capacity or confidence to engage in physical activity, and so on. 

The benefits of physical activity for eye health has been suggested to be related to 

anti-inflammatory properties
4
 and, in glaucoma, the neuroprotective and intraocular pressure 

(IOP)-lowering effects.
3,31-33

 Indeed, case-control studies that measured the pre-exercise 

visual evoked potentials in young adults
34,35

 have noted that habitual sports players had 

shorter P100 and N145 latencies but smaller amplitudes compared to age-matched 

individuals who do not participate in sports. Animal and human studies
36-42

 have 

demonstrated that physical activity may delay the onset of cognitive decline and impairments 

such as Alzheimer’s disease and dementia. Given that mechanistic similarities exist between 

glaucoma and these neurodegenerative diseases,
43

 it is possible that the protective effects of 

physical activity extend to the neuroretina. Although the mechanism underlying the 

neuroprotective effects of physical activity remain unclear, a prevailing theory invokes the 

upregulation of the brain-derived neurotrophic factor gene during physical activity.
36,44

 

In our study, we failed to find any association between parent- or self-reported levels 

of physical activity with RNFL thickness. While there has been limited reports on how self-

reported physical activity may be related to RNFL thickness, studies have explored any link 
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between physical activity and glaucoma diagnosis, but the results have been 

inconclusive.
5,6,45

 Meier et al.’s recent cohort study
6
 found that the 6-year incidence of 

glaucoma in participants who completed at least 500 MET-minutes of physical activity per 

week were half of that in those who failed to meet this recommended level of physical 

activity. Other population-based studies have not reported a similar relationship.
5,46

 The 

Korean National Health and Nutrition Examination Survey
46

 even found higher odds of 

glaucoma in participants who engaged in vigorous physical activity, including aerobic 

activities and anaerobic heavy weight lifting compared to those who only exercised three 

times a week (odds ratio of 3.3). The same study reported that, relative to moderate-intensity 

exercise, high-intensity exercise was associated with a 50% increase in odds for glaucoma. 

Activities such as heavy weightlifting and yoga have been linked with transient elevation of 

IOP,
45

 it is possible that over-exercise or some modalities of exercise may not be suitable for 

individuals with glaucoma or those who are at risk of developing glaucoma. 

While there has been somewhat limited reports on the link between cardiovascular 

fitness and glaucoma or eye health, there is a general agreement that higher level of 

cardiovascular fitness is associated with lower incidence of glaucoma
6,45

 or lower IOP.
33

 One 

study
47

 even showed that individuals with open-angle glaucoma are more likely to die of 

ischemic heart disease than from any other causes, relative to the general population, 

suggesting that there is mechanistic links between cardiovascular health and glaucoma. In the 

current study, we observed a positive association between global RNFL thickness at age 20 

and estimated cardiovascular fitness at the 17-year follow-up, but this association was not 

significant for PWC at the 14-year follow-up. The lack of significance with PWC at the 

earlier follow-up may be because the beneficial effects of fitness, whether health or ocular 

effects, are cumulative over years or even decades. This may also explain the small effect 

size of the association between cardiovascular fitness at age 17 and RNFL thickness at age 20 
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– a 10-Watt increased in PWC was linked with only a 0.3µm increase in global RFNL 

thickness. Nonetheless, this statistically significant result suggests that cardiovascular fitness 

may start to influence the integrity of the retinal ganglion cells from a young age. As we 

follow our cohort of participants through to their later decades of life, we anticipate this 

effect size will increase and clinically significant differences in the RNFL will be observable 

between participants with different levels of physical fitness. 

It is important to note that the relationship between cardiovascular fitness and RNFL 

thickness or glaucoma may not necessarily be a causal one but rather, have similar underlying 

factors. Cardiovascular fitness is a result of behavioural influence of physical activity plus 

genetically determined cardiovascular system capacity. Engagement in moderate- or high-

intensity aerobic exercises, which directly improves cardiovascular fitness, have been shown 

to be associated with higher ocular blood flow,
45,48

 contributing to neuroretinal integrity. In a 

small sample of 9 glaucoma suspects, Passo et al.
33

 observed a 4.6mmHg reduction in IOP, 

along with a 30% increase in VO2 max, following three months of high-intensity aerobic 

exercise. 

The discrepancy in findings on between physical activity and cardiovascular fitness in 

the current and previous studies could be related to the use of parent-reported physical 

activity data for the former. Questionnaire-based variables are inherently subjected to recall 

error (even though the data in our study were collected prospectively). Moreover, for the 

parent-reported data in our study, it could be further affected by the parents’ subjective 

perspective as to how active their children were compared to other children of the same age. 

High levels of physical activity may also not necessarily translate to better cardiovascular 

fitness. Fitness outcomes are known to differ between individuals even if exposed to the same 

exercise
49

 and it is possible that not all forms of physical activity may be equally beneficial 

for eye health. For example, activities like resistance training and yoga, which have known 

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



health benefits,
50,51

 could increase IOP
45

 and paradoxically be detrimental for those with 

glaucoma or who are at high risk of glaucoma. 

In addition to these limitations of using self- or parent-reported data, we only have 

cross-sectional eye data, which does not allow us to explore how RFNL changes in relation to 

physical activity or cardiovascular fitness. Moreover, we do not have cardiovascular fitness 

data at the 20-year follow-up, which was when the eye examination was conducted. 

However, the availability of cardiovascular fitness data prior to the eye examination was 

advantageous because changes in the RNFL due to any environmental or health factors are 

likely to be gradual, thus the RNFL changes cannot be attributed to recent participation in 

physical activity or fitness level. Cardiovascular fitness during adolescence was also 

estimated using the PWC, while VO2max testing is the gold standard for fitness assessment. 

However, assessment ofVO2max is difficult in paediatric populations and the PWC is a 

widely accepted surrogate approach. Finally, our findings may not be generalizable to other 

non-western populations. Nonetheless, a main strength of this generation of Raine Study 

participants at the 20-year follow-up is that it is generally representative of young adults in 

Western Australia.
52

 Moreover, a cohort study in the United States found similar PWCs in 

14- to 16-year old children to those measured in our cohort at ages 14 and 17 years,
53

 

suggesting that the fitness levels of participants in our study may be representative of 

populations in other Western countries. 

To summarise, the association between cardiovascular fitness at age 17 and RNFL 

thickness at age 20 suggest that there may be overlapping mechanisms between 

cardiovascular health and retinal ganglion cell integrity, and the effects could be observed as 

manifest early in adulthood. While no association was found between parent- or self-reported 

physical activity and RNFL thickness, physical activity promotion programs during 

childhood and even through adulthood targeted at improving cardiovascular fitness may be 
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beneficial for retinal ganglion cell integrity. As we continue to examine this cohort of 

participants in future follow-ups, more data on their physical activity, cardiovascular fitness, 

and eye measures will be collected, allowing us to monitor the longitudinal associations 

between these measures. As this cohort reaches their later adulthood, we will be able to 

explore the interplay between fitness levels during adolescence or young adulthood and 

vision measures with the physical fitness of participants in later life. 
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Figure legends 

Figure 1. Sample analysed. *Excluded 2 eyes of 1 participant with optic disc drusen, 14 eyes 

of 7 participants with low-quality/erroneous scans, and 55 eyes of 55 participants with low 

low-quality/erroneous scans. MET = metabolic equivalent of task; PWC = physical working 

capacity to reach heart rate of 170 beats per minute; RNFLt = retinal nerve fibre layer 

thickness. 
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Table 1. Demography profile of study sample. 

MET-min/w= metabolic equivalent of task minutes per week; PWC= physical working 

capacity to reach heart rate of 170 beats per minute 

 

  

 Physical activity  Cardiovascular fitness 

 8- to 17-year 

trajectory (n=1065) 

20-year MET-

min/w (n=1062) 

 14-year PWC 

(n=1038) 

17-year PWC 

(n=925) 

Male sex (n, %) 550 (51.6%) 502 (47.3%)  538 (51.8%) 476 (51.5%) 

Ethnicity (n, %)      

 Caucasians 920 (86.3%) 899 (84.7%)  895 (86.2%) 792 (85.6%) 

 East Asians 23 (2.2%) 26 (2.4%)  23 (2.2%) 19 (2.1%) 

 South Asians 12 (1.1%) 17 (1.6%)  12 (1.2%) 14 (1.5%) 

 Other/mixed 110 (10.3%) 120 (11.3%)  108 (10.4%) 100 (10.8%) 
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Table 2. Participant demography by physical activity trajectory groups 

Trajectory Low (n= 124) Medium (n= 686) High (n= 255) 

Male sex (n, %) 63 (50.8%) 332 (48.4%) 155 (60.8%) 

Ethnicity (n, %)    

 Caucasians 98 (79.0%) 592 (75.3%) 230 (90.2%) 

 East Asians 8 (4.0) 14 (2.0%) 1 (0.8%) 

 South Asians 1 (0.8%) 11 (1.6%) 0 (0.0%) 

 Other/mixed 17 (13.7%) 69 (10.0%) 24 (9.4%) 

Retinal nerve fibre layer thickness (µm)
a
 

 Global 101.0 [94.0–107.0] 100.0 [94.0–107.0] 101.0 [94.0–106.0] 

 Superotemporal 140.5 [127.0–153.0] 138.0 [126.0–150.0] 138.0 [126.0–149.0] 

 Inferotemporal 143.0 [133.8–142.5] 144.0 [131.0–156.0] 142.0 [128.0–155.2] 

 Superonasal 109.0 [96.8–122.0] 108.0 [94.0–124.0] 108.0 [93.0–123.0] 

 Inferonasal 109.5 [91.8–126.0] 108.0 [93.0–124.0] 111.0 [95.0–126.0] 

 Temporal 71.0 [64.0–78.0] 70.0 [64.0–77.0] 70.0 [62.0–77.0] 

 Nasal 78.0 [68.8–87.3] 79.0 [69.0–88.0] 80.0 [70.0–91.0] 

a
 Expressed as median [and interquartile range] 
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Table 3. Associations of global peripapillary RNFL thickness (µm) at age 20
a
 

Independent 

variable 

Univariable analysis  Multivariable analysis
a
 

Estimate [95%CI] p-value  Estimate [95%CI] p-value 

PWC at age 17 

(Watts) 

0.01 [0.00 to 0.03] 

0.03 

 0.03 [0.02 to 0.05] 

<0.001* 

Male sex (ref= 

female) 

-1.39 [-2.41 to -0.37] 

0.007* 

 -2.91 [-4.24 to -1.59] 

<0.001* 

Ethnicity (ref= Caucasian)     

 East Asian -0.11 [-2.58 to 2.35] 0.93  2.06 [-0.72 to 4.83] 0.15 

 South Asian -0.83 [-4.06 to 2.41] 0.62  1.04 [-2.86 to 4.94] 0.60 

 Other/mixed -1.18 [-2.57 to 0.21] 0.10  -0.34 [-2.05 to 1.37] 0.70 

BMI (kg/m
2
)
b
 0.02 [-0.02 to 0.05] 0.33  -0.02 [-0.07 to 0.04] 0.53 

Systolic BP (mmHg)
b
 -0.01 [-0.05 to 0.02] 0.47  0.03 [-0.04 to 0.10] 0.36 

Diastolic BP 

(mmHg)
b
 

-0.05 [-0.12 to 0.03] 

0.22 

 -0.06 [-0.15 to 0.04] 

0.24 

IOP (mmHg)
b
 -0.14 [-0.32 to 0.04] 0.12  -0.07 [-0.21 to 0.06] 0.29 

Axial length (mm)
 b
 -1.85 [-2.52 to -1.17] <0.001*  -2.18 [-2.91 to -1.46] <0.001* 

BMO area (mm
2
)
 b
 3.32 [1.84 to 4.79] <0.001*  3.96 [1.96 to 5.96] <0.001* 

BMI= body mass index; BMO= Bruch’s membrane opening; BP= blood pressure; CI= 

confidence interval; PWC = physical work capacity to reach heart rate of 170 beats per 

minute; IOP= intraocular pressure; RNFL = retinal nerve fibre layer 

a 
Corrected for all variables in the table; 

b
measured at the time of eye examination (20-year 

visit); *statistically significant at p<0.0125 with the Bonferroni correction 
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Table 4. Associations between PWC (Watts) at age 17 and sectoral peripapillary RNFL 

thickness (µm) at age 20
a
 

RNFL sector  Estimated difference [95%CI]
a
 p-value 

Superotemporal  +0.03 [+0.00 to +0.06] 0.03 

Inferotemporal  +0.05 [+0.01 to +0.08] 0.004* 

Superonasal  +0.02 [-0.01 to +0.05] 0.18 

Inferonasal  +0.06 [+0.02 to +0.09] 0.002* 

Temporal  +0.01 [+0.00 to +0.03] 0.07 

Nasal  +0.05 [+0.03 to +0.07] <0.001* 

CI= confidence interval; PWC = physical work capacity to reach heart rate of 170 beats per 

minute; RNFL = retinal nerve fibre layer 

a 
Corrected for sex, ethnicity, body-mass index, systolic and diastolic blood pressure, 

intraocular pressure, Bruch’s membrane opening area, and axial length; *statistically 

significant at p<0.0125 with the Bonferroni correction 
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Supplementary Table 1. Association between PWC at age 17 and sectoral peripapillary 
RNFL thickness (µm) at age 20a 
Independent variable Univariable analysis  Multivariable analysisa 

Estimate [95%CI] p-value  Estimate [95%CI] p-value 
Superotemporal      
PWC at age 17 (Watts) 0.01 [-0.01 to 0.03] 0.32  0.03 [0.00 to 0.06] 0.03 
Male sex (ref= female) -1.99 [-3.52 to -0.47] 0.010*  -3.32 [-5.82 to -0.81] 0.009* 
Ethnicity (ref= Caucasian)     
• East Asian 3.18 [-0.78 to 7.14] 0.12  4.25 [0.20 to 8.29] 0.04 
• South Asian -3.62 [-8.98 to 1.74] 0.19  -1.92 [-7.89 to 4.04] 0.53 
• Other/mixed -1.96 [-4.43 to 0.51] 0.12  -2.09 [-5.14 to 0.96] 0.18 
BMI (kg/m2)b 0.05 [-0.02 to 0.11] 0.19  0.01 [-0.10 to 0.12] 0.86 
Systolic BP (mmHg)b -0.01 [-0.07 to 0.06] 0.84  0.04 [-0.07 to 0.15] 0.50 
Diastolic BP (mmHg)b -0.09 [-0.21 to 0.03] 0.13  -0.10 [-0.27 to 0.06] 0.22 
IOP (mmHg)b -0.15 [-0.36 to 0.07] 0.18  -0.02 [-0.28 to 0.24] 0.87 
Axial length (mm) b -2.02 [-2.87 to -1.16] <0.001*  -2.47 [-3.58 to -1.35] <0.001* 
BMO area (mm2) b 6.19 [3.91 to 8.47] <0.001*  8.44 [5.59 to 11.28] <0.001* 

inferotemporal      
PWC at age 17 (Watts) 0.00 [-0.03 to 0.03] 0.95  0.05 [0.01 to 0.08] 0.004* 
Male sex (ref= female) -3.64 [-5.75 to -1.53] 0.001*  -7.36 [-10.79 to -

3.94] 
<0.001* 

Ethnicity (ref= Caucasian)     
• East Asian 6.34 [2.24 to 10.45] 0.002*  8.06 [2.64 to 13.48] 0.004* 
• South Asian -0.69 [-6.42 to 5.03] 0.81  1.28 [-5.63 to 8.19] 0.72 
• Other/mixed -4.69 [-7.29 to -2.10] <0.001*  -5.17 [-8.57 to -1.76] 0.003* 
BMI (kg/m2)b -0.02 [-0.10 to 0.06] 0.64  -0.09 [-0.20 to 0.02] 0.12 
Systolic BP (mmHg)b -0.05 [-0.14 to 0.03] 0.20  0.08 [-0.09 to 0.26] 0.34 
Diastolic BP (mmHg)b -0.06 [-0.21 to 0.08] 0.39  -0.18 [-0.37 to 0.02] 0.08 
IOP (mmHg)b -0.16 [-0.46 to 0.13] 0.28  -0.10 [-0.38 to 0.19] 0.51 
Axial length (mm) b -1.50 [-2.65 to -0.36] 0.010*  -1.12 [-2.61 to 0.37] 0.14 
BMO area (mm2) b 3.91 [0.86 to 6.97] 0.012*  3.66 [-0.72 to 8.03] 0.10 

Superonasal      
PWC at age 17 (Watts) 0.00 [-0.02 to 0.03] 0.72  0.02 [-0.01 to 0.05] 0.18 
Male sex (ref= female) -1.64 [-3.40 to 0.12] 0.07  -0.25 [-3.28 to 2.78] 0.87 
Ethnicity (ref= Caucasian)     
• East Asian 7.39 [1.72 to 13.07] 0.011*  13.53 [6.41 to 20.65] <0.001* 
• South Asian -0.53 [-6.84 to 5.79] 0.87  -1.58 [-9.35 to 6.19] 0.69 
• Other/mixed 0.82 [-2.01 to 3.65] 0.57  2.68 [-0.82 to 6.19] 0.13 
BMI (kg/m2)b 0.05 [-0.03 to 0.12] 0.23  0.04 [-0.09 to 0.17] 0.53 
Systolic BP (mmHg)b -0.04 [-0.11 to 0.03] 0.25  -0.03 [-0.15 to 0.10] 0.70 
Diastolic BP (mmHg)b -0.05 [-0.18 to 0.07] 0.43  0.03 [-0.14 to 0.19] 0.75 
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IOP (mmHg)b -0.03 [-0.30 to 0.23] 0.80  0.09 [-0.20 to 0.37] 0.55 
Axial length (mm) b -2.91 [-3.89 to -1.92] <0.001*  -4.03 [-5.21 to -2.86] <0.001* 
BMO area (mm2) b 4.70 [2.34 to 7.06] <0.001*  5.78 [3.05 to 8.50] <0.001* 

Inferonasal      
PWC at age 17 (Watts) 0.03 [0.00 to 0.07] 0.05  0.06 [0.02 to 0.09] 0.002* 
Male sex (ref= female) -1.14 [-3.46 to 1.17] 0.33  -0.84 [-4.41 to 2.72] 0.64 
Ethnicity (ref= Caucasian)     
• East Asian -5.68 [-11.30 to -0.06] 0.05  -0.18 [-6.03 to 5.67] 0.95 
• South Asian 3.43 [-2.44 to 9.30] 0.25  2.22 [-5.22 to 9.65] 0.56 
• Other/mixed 0.30 [-2.95 to 3.56] 0.86  4.62 [0.60 to 8.64] 0.02 
BMI (kg/m2)b -0.01 [-0.11 to 0.09] 0.87  0.07 [-0.11 to 0.24] 0.47 
Systolic BP (mmHg)b -0.06 [-0.15 to 0.03] 0.21  -0.08 [-0.26 to 0.11] 0.41 
Diastolic BP (mmHg)b -0.04 [-0.20 to 0.12] 0.61  0.06 [-0.16 to 0.29] 0.59 
IOP (mmHg)b -0.57 [-0.86 to -0.27] <0.001*  -0.41 [-0.74 to -0.08] 0.02 
Axial length (mm) b -6.10 [-7.22 to -4.98] <0.001*  -6.15 [-7.85 to -4.45] <0.001* 
BMO area (mm2) b 1.28 [-2.27 to 4.84] 0.48  2.00 [-2.72 to 6.72] 0.41 

Temporal      
PWC at age 17 (Watts) 0.00 [-0.01 to 0.01] 0.78  0.01 [0.00 to 0.03] 0.07 
Male sex (ref= female) -1.50 [-2.50 to -0.50] 0.003*  -4.10 [-5.66 to -2.54] <0.001* 
Ethnicity (ref= Caucasian)     
• East Asian 5.87 [2.41 to 9.33] 0.001*  4.03 [-0.26 to 8.33] 0.07 
• South Asian -2.06 [-5.62 to 1.50] 0.26  -0.69 [-5.63 to 4.25] 0.78 
• Other/mixed -0.77 [-2.15 to 0.61] 0.27  -2.30 [-3.90 to -0.71] 0.005* 
BMI (kg/m2)b 0.06 [0.00 to 0.11] 0.06  0.03 [-0.07 to 0.13] 0.54 
Systolic BP (mmHg)b -0.01 [-0.04 to 0.03] 0.75  0.06 [-0.01 to 0.13] 0.07 
Diastolic BP (mmHg)b -0.04 [-0.11 to 0.03] 0.30  -0.11 [-0.21 to -0.01] 0.03 
IOP (mmHg)b 0.02 [-0.16 to 0.20] 0.82  -0.02 [-0.17 to 0.14] 0.84 
Axial length (mm) b 1.74 [1.07 to 2.41] <0.001*  1.56 [0.86 to 2.25] <0.001* 
BMO area (mm2) b 3.05 [1.64 to 4.46] <0.001*  2.26 [0.52 to 3.99] 0.011* 

Nasal      
PWC at age 17 (Watts) 0.04 [0.02 to 0.05] <0.001*  0.05 [0.03 to 0.07] <0.001* 
Male sex (ref= female) 0.39 [-1.11 to 1.90] 0.61  -0.17 [-2.15 to 1.80] 0.87 
Ethnicity (ref= Caucasian)     
• East Asian -12.35 [-16.95 to -7.75] <0.001*  -9.67 [-14.19 to -

5.15] 
0.001* 

• South Asian -1.04 [-6.99 to 4.91] 0.73  3.64 [-3.45 to 10.72] 0.32 
• Other/mixed -1.35 [-3.27 to 0.57] 0.17  0.61 [-1.61 to 2.84] 0.59 
BMI (kg/m2)b 0.01 [-0.05 to 0.06] 0.80  -0.02 [-0.10 to 0.06] 0.62 
Systolic BP (mmHg)b 0.01 [-0.05 to 0.06] 0.83  -0.02 [-0.12 to 0.07] 0.62 
Diastolic BP (mmHg)b -0.05 [-0.17 to 0.06] 0.37  0.02 [-0.12 to 0.15] 0.82 
IOP (mmHg)b -0.13 [-0.40 to 0.14] 0.36  -0.09 [-0.28 to 0.11] 0.38 
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Axial length (mm) b -2.94 [-4.01 to -1.88] <0.001*  -3.31 [-4.28 to -2.35] 0.001* 
BMO area (mm2) b 1.67 [-0.34 to 3.69] 0.10  2.87 [0.29 to 5.45] 0.03 
BMI= body mass index; BMO= Bruch’s membrane opening; BP= blood pressure; CI= 
confidence interval; PWC = physical work capacity to reach heart rate of 170 beats per 
minute; IOP= intraocular pressure; RNFL = retinal nerve fibre layer 
a Corrected for all variables in the table; bmeasured at the time of eye examination (20-year 
visit); *statistically significant at p<0.0125 with the Bonferroni correction 
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Supplementary Table 2. Association between PWC at age 14 and peripapillary RNFL 
thickness (µm) at age 20a 
Independent variable Univariable analysis  Multivariable analysisa 

Estimate [95%CI] p-value  Estimate [95%CI] p-value 
Global      
PWC at age 14 (Watts) 0.01 [-0.01 to 0.02] 0.28  0.02 [0.00 to 0.03] 0.05 
Male sex (ref= female) -1.39 [-2.41 to -0.37] 0.007*  -1.26 [-2.36 to -0.17] 0.02 
Ethnicity (ref= Caucasian)     
• East Asian -0.11 [-2.58 to 2.35] 0.93  1.67 [-0.95 to 4.28] 0.21 
• South Asian -0.83 [-4.06 to 2.41] 0.62  -1.49 [-5.63 to 2.65] 0.48 
• Other/mixed -1.18 [-2.57 to 0.21] 0.10  0.25 [-1.37 to 1.86] 0.77 
BMI (kg/m2)b 0.02 [-0.02 to 0.05] 0.33  0.02 [-0.02 to 0.06] 0.37 
Systolic BP (mmHg)b -0.01 [-0.05 to 0.02] 0.47  0.05 [0.00 to 0.10] 0.04 
Diastolic BP (mmHg)b -0.05 [-0.12 to 0.03] 0.22  -0.10 [-0.16 to -0.03] 0.006* 
IOP (mmHg)b -0.14 [-0.32 to 0.04] 0.12  -0.10 [-0.22 to 0.02] 0.11 
Axial length (mm) b -1.85 [-2.52 to -1.17] <0.001*  -2.33 [-2.84 to -1.82] <0.001* 
BMO area (mm2) b 3.32 [1.84 to 4.79] <0.001*  4.54 [3.31 to 5.76] <0.001* 

Superotemporal      
PWC at age 14 (Watts) 0.01 [-0.01 to 0.04] 0.33  0.01 [-0.02 to 0.05] 0.49 
Male sex (ref= female) -1.99 [-3.52 to -0.47] 0.01  -1.53 [-3.71 to 0.64] 0.17 
Ethnicity (ref= Caucasian)     
• East Asian 3.18 [-0.78 to 7.14] 0.12  4.16 [-0.02 to 8.34] 0.05 
• South Asian 

-3.62 [-8.98 to 1.74] 0.19 
 -7.20 [-13.57 to -

0.83] 0.03 
• Other/mixed -1.96 [-4.43 to 0.51] 0.12  -1.44 [-4.44 to 1.55] 0.35 
BMI (kg/m2)b 0.05 [-0.02 to 0.11] 0.19  0.02 [-0.07 to 0.12] 0.64 
Systolic BP (mmHg)b -0.01 [-0.07 to 0.06] 0.84  0.11 [0.01 to 0.20] 0.04 
Diastolic BP (mmHg)b -0.09 [-0.21 to 0.03] 0.13  -0.17 [-0.32 to -0.02] 0.02 
IOP (mmHg)b -0.15 [-0.36 to 0.07] 0.18  -0.18 [-0.42 to 0.07] 0.16 
Axial length (mm) b -2.02 [-2.87 to -1.16] <0.001*  -2.56 [-3.56 to -1.55] <0.001* 
BMO area (mm2) b 6.19 [3.91 to 8.47] <0.001*  7.43 [4.97 to 9.90] <0.001* 

inferotemporal      
PWC at age 14 (Watts) 0.04 [0.00 to 0.07] 0.03  0.02 [-0.02 to 0.06] 0.37 
Male sex (ref= female) -3.64 [-5.75 to -1.53] 0.001*  -3.22 [-6.62 to 0.19] 0.06 
Ethnicity (ref= Caucasian)     
• East Asian 6.34 [2.24 to 10.45] 0.002*  7.63 [3.23 to 12.03] 0.001* 
• South Asian -0.69 [-6.42 to 5.03] 0.81  -2.27 [-9.26 to 4.72] 0.52 
• Other/mixed -4.69 [-7.29 to -2.10] <0.001*  -2.99 [-6.11 to 0.13] 0.06 
BMI (kg/m2)b -0.02 [-0.10 to 0.06] 0.64  0.00 [-0.09 to 0.08] 0.93 
Systolic BP (mmHg)b -0.05 [-0.14 to 0.03] 0.20  0.10 [-0.04 to 0.23] 0.15 
Diastolic BP (mmHg)b -0.06 [-0.21 to 0.08] 0.39  -0.21 [-0.36 to -0.06] 0.005* 
IOP (mmHg)b -0.16 [-0.46 to 0.13] 0.28  -0.22 [-0.48 to 0.03] 0.09 
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Axial length (mm) b -1.50 [-2.65 to -0.36] 0.010*  -2.07 [-3.08 to -1.07] <0.001* 
BMO area (mm2) b 3.91 [0.86 to 6.97] 0.012*  5.88 [3.25 to 8.52] <0.001* 

Superonasal      
PWC at age 14 (Watts) 0.04 [0.00 to 0.07] 0.03  0.01 [-0.02 to 0.05] 0.48 
Male sex (ref= female) -1.64 [-3.40 to 0.12] 0.07  -0.51 [-3.12 to 2.10] 0.70 
Ethnicity (ref= Caucasian)     
• East Asian 7.39 [1.72 to 13.07] 0.011*  10.70 [4.12 to 17.29] 0.001* 
• South Asian -0.53 [-6.84 to 5.79] 0.87  -0.96 [-8.91 to 6.99] 0.81 
• Other/mixed 0.82 [-2.01 to 3.65] 0.57  2.39 [-0.93 to 5.70] 0.16 
BMI (kg/m2)b 0.05 [-0.03 to 0.12] 0.23  0.04 [-0.06 to 0.14] 0.44 
Systolic BP (mmHg)b -0.04 [-0.11 to 0.03] 0.25  0.00 [-0.11 to 0.11] 0.98 
Diastolic BP (mmHg)b -0.05 [-0.18 to 0.07] 0.43  -0.07 [-0.22 to 0.08] 0.38 
IOP (mmHg)b -0.03 [-0.30 to 0.23] 0.80  0.09 [-0.18 to 0.37] 0.51 
Axial length (mm) b -2.91 [-3.89 to -1.92] <0.001*  -3.41 [-4.52 to -2.30] <0.001* 
BMO area (mm2) b 4.70 [2.34 to 7.06] <0.001*  5.80 [3.29 to 8.31] <0.001* 

Inferonasal      
PWC at age 14 (Watts) 0.04 [0.01 to 0.08] 0.02  0.05 [0.01 to 0.09] 0.02 
Male sex (ref= female) -1.14 [-3.46 to 1.17] 0.33  1.33 [-2.20 to 4.87] 0.46 
Ethnicity (ref= Caucasian)     
• East Asian -5.68 [-11.30 to -

0.06] 0.05 
 

-0.88 [-6.36 to 4.59] 0.75 
• South Asian 3.43 [-2.44 to 9.30] 0.25  3.84 [-3.00 to 10.67] 0.27 
• Other/mixed 0.30 [-2.95 to 3.56] 0.86  5.10 [1.60 to 8.60] 0.004* 
BMI (kg/m2)b -0.01 [-0.11 to 0.09] 0.87  -0.01 [-0.14 to 0.12] 0.84 
Systolic BP (mmHg)b -0.06 [-0.15 to 0.03] 0.21  -0.03 [-0.17 to 0.11] 0.68 
Diastolic BP (mmHg)b -0.04 [-0.20 to 0.12] 0.61  0.01 [-0.17 to 0.18] 0.94 
IOP (mmHg)b -0.57 [-0.86 to -0.27] <0.001*  -0.30 [-0.61 to 0.01] 0.06 
Axial length (mm) b -6.10 [-7.22 to -4.98] <0.001*  -6.19 [-7.35 to -5.03] <0.001* 
BMO area (mm2) b 1.28 [-2.27 to 4.84] 0.48  3.56 [0.63 to 6.49] 0.02 

Temporal      
PWC at age 14 (Watts) 0.02 [0.00 to 0.03] 0.03  -0.01 [-0.03 to 0.01] 0.25 
Male sex (ref= female) -1.50 [-2.50 to -0.50] 0.003*  -3.14 [-4.48 to -1.80] <0.001* 
Ethnicity (ref= Caucasian)     
• East Asian 5.87 [2.41 to 9.33] 0.001*  3.72 [0.06 to 7.38] 0.05 
• South Asian -2.06 [-5.62 to 1.50] 0.26  -4.14 [-8.97 to 0.69] 0.09 
• Other/mixed -0.77 [-2.15 to 0.61] 0.27  -1.55 [-3.17 to 0.08] 0.06 
BMI (kg/m2)b 0.06 [0.00 to 0.11] 0.06  0.05 [-0.02 to 0.12] 0.13 
Systolic BP (mmHg)b -0.01 [-0.04 to 0.03] 0.75  0.08 [0.03 to 0.14] 0.005* 
Diastolic BP (mmHg)b -0.04 [-0.11 to 0.03] 0.30  -0.13 [-0.22 to -0.05] 0.002* 
IOP (mmHg)b 0.02 [-0.16 to 0.20] 0.82  -0.10 [-0.25 to 0.04] 0.17 
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Axial length (mm) b 1.74 [1.07 to 2.41] <0.001*  1.54 [0.91 to 2.17] <0.001* 
BMO area (mm2) b 3.05 [1.64 to 4.46] <0.001*  3.19 [1.71 to 4.66] <0.001* 

Nasal      
PWC at age 14 (Watts) 0.04 [0.02 to 0.07] <0.001*  0.04 [0.02 to 0.07] 0.001* 
Male sex (ref= female) 0.39 [-1.11 to 1.90] 0.61  1.23 [-0.42 to 2.89] 0.15 
Ethnicity (ref= Caucasian)     
• East Asian -12.35 [-16.95 to -

7.75] <0.001* 
 -8.50 [-13.28 to -

3.72] <0.001* 
• South Asian -1.04 [-6.99 to 4.91] 0.732  0.18 [-6.49 to 6.85] 0.96 
• Other/mixed -1.35 [-3.27 to 0.57] 0.17  0.95 [-1.11 to 3.01] 0.37 
BMI (kg/m2)b 0.01 [-0.05 to 0.06] 0.80  0.00 [-0.06 to 0.06] 0.99 
Systolic BP (mmHg)b 0.01 [-0.05 to 0.06] 0.83  0.00 [-0.07 to 0.07] 0.99 
Diastolic BP (mmHg)b -0.05 [-0.17 to 0.06] 0.37  -0.02 [-0.12 to 0.09] 0.77 
IOP (mmHg)b -0.13 [-0.40 to 0.14] 0.36  -0.02 [-0.20 to 0.16] 0.82 
Axial length (mm) b -2.94 [-4.01 to -1.88] <0.001*  -3.76 [-4.54 to -2.98] <0.001* 
BMO area (mm2) b 1.67 [-0.34 to 3.69] 0.10  3.38 [1.59 to 5.17] <0.001* 
BMI= body mass index; BMO= Bruch’s membrane opening; BP= blood pressure; CI= 
confidence interval; PWC = physical work capacity to reach heart rate of 170 beats per 
minute; IOP= intraocular pressure; RNFL = retinal nerve fibre layer 
a Corrected for all variables in the table; bmeasured at the time of eye examination (20-year 
visit); *statistically significant at p<0.0125 with the Bonferroni correction 
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Supplementary Table 3. Sensitivity analysis: associations between PWC (per 10 watts 

increase) and peripapillary RNFL thickness (µm) in males and females at age 20a 

RNFL sector 14-year PWC  17-year PWC 
 Estimated difference 

[95%CI]a 
p-value  Estimated difference 

[95%CI]a 
p-value 

Males      
Global 0.02 [0.00 to 0.04] 0.04  0.04 [0.02 to 0.06] 0.000 
Superotemporal -0.00 [-0.04 to 0.03] 0.81  0.04 [0.01 to 0.07] 0.014 
Inferotemporal -0.02 [-0.06 to 0.03] 0.48  0.05 [0.02 to 0.09] 0.004 
Superonasal 0.03 [-0.01 to 0.07] 0.13  0.03 [-0.01 to 0.06] 0.11 
Inferonasal 0.11 [0.03 to 0.19] 0.010  0.06 [0.02 to 0.09] 0.006 
Temporal -0.01 [-0.03 to 0.01] 0.46  0.02 [0.00 to 0.04] 0.05 
Nasal 0.05 [0.02 to 0.08] 0.013  0.05 [0.02 to 0.07] 0.023 
Females      
Global 0.00 [-0.03 to 0.04] 0.87  0.02 [-0.01 to 0.05] 0.25 
Superotemporal -0.04 [-0.11 to 0.03] 0.28  0.00 [-0.06 to 0.05] 0.90 
Inferotemporal -0.01 [-0.09 to 0.06] 0.72  0.03 [-0.05 to 0.10] 0.47 
Superonasal 0.05 [-0.02 to 0.13] 0.18  0.00 [-0.06 to 0.06] 0.90 
Inferonasal 0.11 [0.03 to 0.19] 0.009  0.06 [-0.03 to 0.14] 0.21 
Temporal -0.02 [-0.06 to 0.01] 0.21  0.01 [-0.03 to 0.04] 0.75 
Nasal 0.04 [-0.01 to 0.08] 0.13  0.04 [0.00 to 0.09] 0.07 
CI= confidence interval; PWC = physical work capacity to reach heart rate of 170 beats per 

minute; RNFL = retinal nerve fibre layer 

a Corrected for ethnicity, body-mass index, blood pressure, intraocular pressure, axial length, 

and Bruch’s membrane opening area 
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