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The benefits of physical activity on health are be-
coming increasingly understood. Evidence suggests reg-
ular exercise leads to better overall heath, lower blood
pressure, less chronic pain, reduced risks of cardiovas-
cular events, and improved cognitive functioning [1,2].
These factors overlap with ophthalmic health, and loss
of vision is one of the most feared health consequences
patients describe. As ophthalmologists well know, rec-
ommendations that relate to eyesight carry particular
weight, and a better understanding of the relationship
between exercise and long-term eye health could be-
come an important facet of a comprehensive approach
to motivate patients to improve their health through
exercise. Such a development should have important
implications for our society and population health.

Ophthalmologists increasingly see aging patients
with multiple medical problems. Patients in these co-
horts show progressive diabetic retinopathy, age-relat-
ed macular degeneration (AMD), glaucoma and retinal
vascular occlusions - conditions which combined repre-
sent the vast majority of blindness and visual disability
in developed countries [3]. Interestingly, all these con-
ditions can be tied to the relationship between exercise
and its benefits on systemic health [4-7].

Despite this relationship, there is very little prospec-
tive clinical information on the effects of exercise on
objective, long-term visual function. There does exist
epidemiologic data suggesting that individuals who are
more physically active or exercise regularly have lower

rates of progression of diabetes and incidence of AMD
[4,8-11]. Furthermore, elevated blood pressure is a risk
factor for glaucoma, elevated intraocular pressure, reti-
nal vascular occlusions, and macular degeneration so it
is logical to infer that exercise and the secondary bene-
fits of lowering blood pressure through exercise should
also lower rates of vision loss from these conditions
[12,13]. Of course, other mechanisms of benefit from
exercise are likely, as well [7].

Short term studies have at looked ocular blood flow
after exercise, and increased retinal tissue blood flow
following exercise has been documented [14]. Further-
more, currently, high quality methodology is readily
available for assessing retinal and choroidal vascula-
ture, retinal perfusion, the size and extent of macular
drusen and atrophy, diabetic macular edema, and of
course, visual acuity and visual field function. See Fig-
ures 1-6 below, which demonstrate different types of
objective and meaningful clinical assessments available
to ophthalmologists.

Although excellent intravitreal therapies have been
developed for late stage diabetic eye disease, wet mac-
ular degeneration, and the secondary effects of retinal
vascular occlusions, and eye drops that lower intra-
ocular pressure can help preserve vision in patients
with glaucoma, these interventions tend to only slow
visual decline, require multiple treatments, carry risk,
and are expensive. Furthermore, outside of a specific
nutraceutical formulation (as determined by results of
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Figure 1: ETDRS visual acuity chart which is the gold standard for obtaining reliable visual acuities. Patients are tested wear-
ing best-correction spectacles at a set distance under standardized illumination. The visual acuity is scored with numbers of
letters read correctly which allows for extensive and accurate statistical analyses.

Fixation Menitor: Blind Spot Stmuus: 1, White Pugil Dismeter Date: 02-06-2015
lon Target: Cantral Background: 31 5 ASE Viaual Aculty: 20/25 Time: 200 PM
Fixation Losses: 3/ 14 ox Strabegy: SITA-Standard AX:+15005  OC X Age: 41

False POS Erors: 0%
Falss NEG Errors: 0
Test Duration: 04:51

Foves: 34 08 N
a a|n a2
‘E.’SI"IY'l‘.‘?

. s = p 2|r 5 3= =

TR IEIEEEEE

23 a 2|naaa
'EEILER

at

4% Low Test Fudiability 4+
GHT

Outsice Normal Limits

VA 08%

MO  -3.040B FCE%
PSD 23248 P<S5X

Total Dwviation Patterm Deviabon

Flnuam Eye Inatitute

Univeesity of Racheste,
3

T/ DRGInMEN

visual field. [Images courtesy of Flaum Eye Institute.]
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Figure 2: Humphrey Visual Field test results can be used over time to assess for stabilization or progression of the patient’s

the Age-Related Eye Disease Studies sponsored by the
National Institutes of Health) for a subset of macular de-
generation patients, there are no proven therapies cur-
rently available to slow the progression of dry macular
degeneration.
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The time has come for a better understanding of the
potential benefits of exercise on long-term eye health.
This type of information can help not only ophthalmol-
ogists who see patients that are at risk of developing
vision threatening conditions but also providers of all
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Figure 3: Fundus photography can be used serially to assess for improvement or worsening of diabetic retinopathy. Images
are graded against standard photos. Intravenous fluorescein angiography and indocyanine green angiography (not shown)
are also photographic techniques for evaluating retinal and choroidal blood flow. [Images courtesy of Flaum Eye Institute.]
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Figure 4: Optical coherence tomography images in diabetic macular edema. Retinal thickness can be accurately quanti-
fied, and changes can be documented. [Images courtesy of Flaum Eye Institute.]

types including pediatricians, internists, general prac-
titioners, hospitalists, geriatricians, and non-physician
health-care providers. In other words, data correlating
exercise with improved visual outcomes can be used
by the entire spectrum of health workers as care shifts
to population-based health. The adage that prevention
is the best cure reigns high in ophthalmology, and as a
health care community we need to better inform our-
selves and our patients regarding low risk, high reward
lifestyle changes that can decrease rates of visual loss.

Toward that end, we need better collaboration be-
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tween exercise scientists and clinical ophthalmologists.
Exercise scientists have vast knowledge about the meth-
ods and best approaches to clinical exercise research
and the related physiologic responses. Similarly, clinical
ophthalmologists have access to the patient populations
and the tools necessary to assess the effects of such an
intervention on eye health over both short and long-
term time frames. A comparison or control group will be
very important to increase the validity of study results.
These clinical investigations should use a clinically mean-
ingful primary endpoint such as the Early Treatment of
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Figure 5: Optical coherence tomography - angiography is a fast, noninvasive method to assess retinal capillaries and
choroidal structure. [Images courtesy of Flaum Eye Institute.]
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trials. [Images courtesy of Flaum Eye Institute.]

Figure 6: Fundus autofluorescence images can be used to accurately measure extent of drusen and areas of geographic
atrophy in AMD. The slowing of rates of progression of area of geographic atrophy is an approvable endpoint for pivotal drug

Diabetic Retinopathy Study (ETDRS) best-corrected vi-
sual acuity or automated visual field assessments. Sec-
ondary outcomes can look at retinal thickness by OCT,
retinal perfusion, diabetic retinopathy progression, and
size and extent of macular drusen and atrophy.

Once there is good prospective data correlating ex-
ercise and visual function, the relationships of exercise
to these secondary outcome measures can be utilized
in shorter term trials. Such targeted studies can then
prospectively assess the effect of a specific physical ac-
tivity intervention using a surrogate marker, or in other
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words, a proven predictor for long term visual function.
If it can be shown that exercise generally leads to the
regression of macular drusen at two years, and the like-
ly cause (evident by ancillary testing at multiple time
points) is an increase in choroidal perfusion in the inter-
vention group vs. control group, then the door is now
opening to look for similar choroidal perfusion benefits
related to a set of activities over a shorter time frame
[15]. There could be great interest in evaluating specific
behaviors and their influence on these more easily eval-
uable surrogate markers. For example, is the benefit of
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exercise on the eye related to basic physiologic changes
shared by many activities (e.g. increased heart rate, ba-
sic measures of exertion) or are there specific exercises
that confer more benefit (e.g. swimming, biking, walk-
ing, running, or yoga). Interestingly, even mild yoga in-
creases muscle mass, balance, burns calories, and leads
to short termincreases in heart rate. These benefits may
be indistinguishable from the benefits of other forms of
mild to moderate physical activity based on data from
larger and longer term clinical outcomes studies. Yoga,
however, also has the added component of position-
al inversions where practitioners routinely place their
head below their heart. With correlative data of visual
outcomes to shorter-term endpoints, more information
can be gleaned to help tease out the likely long-term
benefits of very specific activities. Of course, the place
to start is to increase our understanding of physical ac-
tivity and functional vision-related endpoints over time.

Here is a list of potential prospective interventional
study ideas assessing the relationship between exercise
and ophthalmic function that could be valuable to the
medical community:

* Does regular exercise correlate with better visual func-
tion in aging adults over a set time such as five years?

e |s regular exercise more beneficial in subgroups al-
ready predisposed to vision loss (e.g. diabetics or
those with AMD) in terms of visual acuity testing?

e Can exercise improve or delay the progression of di-
abetic retinopathy?

¢ Can exercise enhance the resolution of diabetic mac-
ular edema?

e (Can exercise lead to a regression of macular drusen
in AMD?

e Can exercise slow the growth of geographic atrophy
in patients with late stage AMD?

e Can exercise help improve patient outcomes follow-
ing branch or central retinal vein occlusion?

e Can exercise help delay the loss of the peripheral vi-
sual field in patients with glaucoma?

There is rationale to suggest that exercise should sta-
bilize retinal and optic nerve perfusion and enhance ret-
inovascular health. Such a documented outcome in any
or all the study scenarios above will provide an added
layer of knowledge as physicians advise patients on long
term healthy aging and maintaining their sight for life.

Designing, funding, implementing, and executing
these trials will be challenging. To be powered appro-
priately and informative, these studies may require
hundreds, if not thousands, of participants. Establishing
intervention and control regimens as well as random-
ization methodologies and stratification variables will
require significant thought and planning. Aging cohorts
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may have difficulties with certain types of exertional ac-
tivity. Likewise, patients with musculoskeletal comorbid-
ities may be restricted behaviorally. Furthermore, these
efforts will likely need to be broadly collaborative and
require multiple investigational sites. Not only should
participants be evaluated physiologically and systemi-
cally regularly, but extensive diagnostic ophthalmic test-
ing will be needed. Investigators should include general
medical physicians, exercise physiologists, and ophthal-
mologists. These studies will not be inexpensive, and
external financing whether from governmental sources,
charitable foundations, insurance companies, or indus-
try will be required. The societal benefits from this type
of intensive investigation will be extremely valuable, so
it is likely that when proposed appropriately the financ-
ing should be available. Currently, ophthalmologists can
partner with pharmaceutical companies to carry out
elaborate long-term interventional trials, often with ex-
tensive monthly visitation requirements and monthly
procedures such as intravitreal injections. It is not hard
to imagine that the same quality of study can be carried
out with the alternative dependent variable of exercise.
These proposed studies will be complex, and behavior-
al studies certainly have inherent challenges. Although
a topic for another venue, evidence suggests dietary
choices influence progression of chronic ocular disease
as well. Success in the arena of prospectively studying
physical activity and eye disease may open doors for
similar type designs based on dietary interventions.

Rates of visual impairment and blindness are in-
creasing in the United States [16]. Knowledge gained
from prospective ocular health and exercise studies may
prove helpful for individual patient as well as population
health management, and lower health care costs could
be an additional long-term benefit. There are compel-
ling reasons to move forward in this regard.

There is great opportunity for exercise researchers
and ophthalmologists to reach out to each other to help
move collaborative studies, like those mentioned above,
from the white board to the clinic.
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