Subjective assessment of companion dog vision shows an age-related decline: preliminary findings
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Background

There are well-validated visual function questionnaires (VFQ) for humans. The National Eye Institute 25
guestion VFQ (NEI VFQ) score is associated with loss of visual acuity in human age-related macular de-
generation (AMD; r -0.5).* Questions contained in a recently developed canine VFQ? are based on the
NEI VFQ, and questions asked during clinical visits for visually impaired dogs by veterinary ophthalmolo-
gists. Composite score on the canine VFQ was associated with a yes/no measure of blindness in dogs.?

The human low luminance gquestionnaire (LLQ)? is a 32-item questionnaire with 6 subscales related to
low luminance setttings: driving, mobility, extreme lighting, general dim lighting, emotional distress and
peripheral vision. LLQ scores are significantly associated with NEI VFQ scores and with clinical mea-
sures of visual function, particularly of the dim light rod photoreceptor pathway.® The rationale behind de-
velopment of the LLQ in humans is the clinically significant decline in rod photoreceptor-mediated vision
with aging and in prevalent age-related retinal disorders such as age-related macular degeneration
(AMD). Human LLQ score correlates with measures of low luminance vision, particularly subcategories
for driving and extreme lighting and provide a non-clinical method to assess relevant retinal pathways in
AMD patients.*

Weighted score

The purpose of our study was to examine the association between companion dog age and subjective
assessment of visual function using the validated canine VFQ, and a novel canine LLQ that specifically
enquired about dog visually mediated behavior in different lighting conditions. Our hypothesis is that
similar to humans, scores from the canine VFQ and LLQ will be associated with age, and canine

LLQ scores will be associated with objective measures of rod-mediated vision in dogs. Dogs are

an important companion species that share many environmental and lifestyle risk factors for age-related
diseases with their human owners. These outcome measures once validated would provide a straightfor-
ward method to assess canine vision in the epidemiological study of aging and environmental exposures.

Methods

- Canine LLQ questions designed based on:
1. Human LLQ: response options and questions applicable to companion dog behavior.
2. Discussion with dog owners + veterinarians about common dog behaviors/activities in different

lighting conditions.

- Content validation: group of evaluators (10 dog owners and 10 veterinarians) - only favorable ques
tions used in final questionnaire

-Questionnaire dissemination by mail or digital means to previous participants in a human longitudinal
study of aging.

- 899 responses to-date:
53% (n = 487) disclosed they did not currently cohabit with a dog
24% (n = 212) consented to participate

- Statistics: multivariate analysis (JMP 15.0) comparing age with visual function questionnaire scores.
Interaction between age, sex and breed (purebred or mixed breed) assessed by least square means
student’s t-test (continuous variables) or effect likelihood ratio (ordinal variables).

Results

Weighted score
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Figure 2. Bright light
vision.

For visually-mediated be-
havior in bright light, there
was a significant negative
correlation with age in
dogs indicating worse
vision with increasing age.
The correlation in males (r
-0.33) and females (r
-0.33), was not significant-
ly different (P = 0.32). The
correlation in purebred (r
-0.41) and mixed breed (r
-0.30) was also not signifi-
cantly different (P = 0.22).
The VFQ and bright light
LLQ scores were signifi-
cantly correlated (r -0.84,
P < 0.0001).

Figure 3. Dim light

vision.

For visually mediated be-
havior in dim light, there
was a significant negative
correlation with age in
dogs indicating worse
vision with increasing
age.The correlation in
males (r -0.27) and fe-
males (r -0.41) was not
significantly different (P =
0.11). The correlation in
purebred (r -0.45) and
mixed breed (r -0.26) was
also not significantly differ-
ent (P 0.39). The VFQ and
dim light LLQ scores were
significantly correlated (r
-0.87, P = 0.0001).

Figure 4. Vision in dark-
ness.

For visually mediated be-
havior in very dim light or
darkness, there was a sig-
nificant negative correla-
tion with age in dogs indi-
cating worse vision with
Increasing age. The cor-
relation in males (r -0.29)
and females (r -0.46) was
not significantly different
(P = 0.49). The correlation
iIn purebred (r -0.44) and
mixed breed (r -0.29) was
also not significantly differ-
ent (P =0.97).The VFQ
and darkness LLQ scores
were significantly correlat-
ed (r -0.85, P < 0.0001).
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Figure 5. Transitions between bright and dim illumination.
We asked dog owners about how well their dog navigated transitions from either bright
light to dim light (BL -> DL; A) or dim light to bright light (DL -> BL; B). The effect likeli-
hood ratio for age vs. BL -> DL transition ordinal score for difficulty (lower score = more
difficulty) was significant (P = 0.00001), there was no significant effect of sex (P = 0.32)
or breed (P = 0.58). For the DL -> BL transition, the effect of age was significant (P =
0.0009), there was no significant effect of sex (P = 0.55) and breed (P = 0.29).

Conclusions

In this preliminary analysis, subjective (human-owner) assessment of canine visual
function declines in association with dog age. Similar to aging humans, dim light
vision in dogs subjectively declines with age and aging dogs have difficulty transi-
tioning between different lighting environments. These results can inform dog
owners to help them mitigate the effects of visual decline in their pets, for example
by providing a safe, well-lit outdoor environment for evening or night time exercise.

Future directions include validation of the canine LLQ in relation to clinically mea-
sureable parameters of canine visual ability such as electroretinogram amplitudes
and peak times. In addition, we would like to develop a straightforward, reproducible
and sensitive behavioral method of testing vision in dogs (similar to Snellen acuity
charts and/or Pelli-Robson contrast sensitivity charts). This type of test would be ap-
plicable both for researchers and for veterinary clinicians.

Ultimately, we plan to define the relationship between dog and human aging using
these dogs that are cohabitants with the well characterized cohort of human partici-
pants in the Beaver Dam Offspring Study (BOSS).> We predict that the rate of neu-
rologic decline will be similar in dogs and humans that share the same environment.

the authors have no conflicts to disclose

1. Orr, P., etal. (2011). "Validation of the National Eye Institute Visual Function Questionnaire-25 (NEI VFQ-25) in age-related macular degeneration." Invest Ophthalmol Vis Sci 52(6): 3354-33509.

2. Graham, K. L., et al. (2019). "Development of a vision impairment score for the assessment of functional vision in dogs: Initial evidence of validity, reliability, and responsiveness." Vet Ophthalmol 22(6): 807-818.

3. Owsley, C., et al. (2006). "Development of a questionnaire to assess vision problems under low luminance in age-related maculopathy." Invest Ophthalmol Vis Sci 47(2): 528-535.

4. Thompson, A. C., et al. (2018). "Association of Low Luminance Questionnaire With Objective Functional Measures in Early and Intermediate Age-Related Macular Degeneration." Invest Ophthalmol Vis Sci 59(1): 289-297.
5. Schubert, C. R., et al. (2019). "Brain Aging in Midlife: The Beaver Dam Offspring Study." J Am Geriatr Soc 67(8): 1610-1616.



