
Abstract Clinical data from 72 dog breeds of
varying size and life expectancy were grouped
according to breed body mass and tested for
prevalence at ages 4 to 5, ages 7 to 10, and lifetime
incidence of non-hereditary, age-related cataract
(ARC). The incidence of ARC was found to be
directly related to the relative life expectancies in the
breed groups: The smallest dog breeds had a lower
ARC prevalence between ages 4 and 5 than mid-size
breeds and these, in turn, a lower prevalence than
the giant breeds. A similar sequence was evident for
ages 7 to 10 and for overall lifetime incidence of
ARC. These differences became more significant
when comparing small and giant breeds only. We
could also confirm the inverse relationship between
body size and life expectancy in these same sets of
dog breeds. Our results show that body size, life
expectancy, and ARC incidence are interrelated in
dogs. Given that ARC has been shown to be at least

partially caused by oxidative damage to lens
epithelial cells and the internal lens, we suggest that
it can be considered not only as a general biomarker
for life expectancy in the canine and possibly other
species, but also for the systemic damages produced
by reactive oxygen species. This suggests new
approaches to examine the gene expression path-
ways affecting the above-noted linkages.
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Introduction

One of the fascinating phenomena concerning life
expectancy among several vertebrate and non-
vertebrate species is that body size is positively
correlated to longevity in comparisons made between
species (Austad 2005; van Heemst et al. 2005; Galis
et al. 2007), while this relationship seems to be
inverse within individual species. The latter has been
reported for mice (Miller et al. 2000; Bartke and
Brown-Borg 2004; Austad 2005), horses (Brosnahan
and Paradis 2003), humans (Samaras and Storms
1992; van Heemst et al. 2005), and dogs (Austad
2005; Galis et al. 2007; Greer et al. 2007).

It would be useful to identify non-invasive bio-
markers of aging that relate to this phenomenon, but
none have been reliably established thus far. In this
context, age-related cataract (ARC) is a pathological
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lesion that occurs with aging in humans, other
mammals, and birds (Slatter et al. 1983; Williams
et al. 2004; Wolf et al. 2005; Zubenko et al. 2007)
and is at least partly linked to lens oxidative damage
(Davies 1995; Spector 1995; Reddy et al. 2001; Wolf
et al. 2005; Pendergrass et al. 2006; Brennan and
Kantorow 2009). We previously have shown a
correlation between longevity in human nonagenar-
ians and their delay in developing ARC (Zubenko et
al. 2007), and also demonstrated that small GH-R,
IGF-1 deficient mutant dwarf mice have both
delayed ARC development and extended life spans
(Wolf et al. 2005). This suggests that ARC has a
connection to systemically acting factors controlling
the rate of growth and scale of body size, which
produce life-limiting events and also affect lens
maintenance and lens health.

Given its wide variety in body size, mass, and
life expectancy between different breeds, as well as
the availability of large amounts of veterinary data,
the domestic dog suggested itself as a useful model
to test for correlations between body size, life
expectancy, and the incidence and prevalence of ARC
in order to examine whether ARC can be consid-
ered a biomarker of aging in this species, which
could be useful for future studies of the underlying
mechanisms.

Dogs, materials, and methods

Data on cataract status were based on veterinary eye
exam results over a 10-year-period between 1996
and 2005 that were supplied by the Canine Eye
Registry Foundation (CERF; Anonymous 1996–
2005). The results had been established using
ophthalmic examination including slit lamp exami-
nation of the lens by board-certified veterinary
ophthalmologists, as required by the CERF database.
Age groups included dogs aged 4 to 5, 5 to 6, 6 to 7,
7 to 8, 8 to 9, 9 to 10, and over 10 years. Cataracts
that had been identified as hereditary at the time of
examination were excluded from the data. We
excluded breeds that did not have at least 100
individual exam entries for the lifetime studies and
at least 25 entries for ages 4 to 5 in the database (n=
102) from the calculation in order to avoid skewing
incidence percentages due to statistical fluctuation.
Dogs younger than 4 years were also excluded to

guard against the inclusion of congenital and
juvenile hereditary cataracts (Ackermann 1999).
Given that some sources only use dogs above the
age of 7 to safeguard against hereditary cataracts
(Gelatt and Mackay 2005), cataracts occurring
between ages 7 and 10 were also incorporated into
the analyses as a separate variable. There was no
information about gender in the data. At the time of
analysis, data consisted of n=101,811 individual
veterinary eye exams performed at various ages on
dogs representing n=72 breeds. Each examined dog
was assigned a number. No individuals are entered
into the database more than once.

Cataract incidence per breed was provided as the
number of dogs diagnosed with non-hereditary
cataracts in relation to the overall number of dogs
that had been examined in each age group. Data on
average breed mass (in pounds) were taken from
The Encyclopedia of Dog Breeds (Coile 2005)
entries for male dogs and merged with the cataract
data provided by CERF described above.

Average life expectancies per breed were derived from
previous studies (Coile 2005; Greer et al. 2007).
Furthermore, we also considered the percentage of dogs
examined over age 10 in relation to the total number of
dogs examined per breed as a measure of life expectancy
and used it in the analysis (see Tables 2, 4, 5 and 6).

Body size groups were defined as small (less than
20 lb, n=17 breeds), lower medium (40 to 60 lb, n=
21), upper medium (65 to 85 lb, n=20), and giant
(90 lb and over, n=11). Lower and upper medium
groups were merged for some of our analyses (see the
“Results” section). No breeds weighing between 20
and 40 lb were available for analysis in sufficient
numbers. Body mass was chosen as a surrogate for
body size because it has been shown to be more
closely related to life span than height at shoulder, a
measure commonly used for stature (Greer et al. 2007).

Data were stored and managed in Microsoft
Excel® 2007, which was also used to create bar
graphs and scatter plots. Merging and statistical
analysis were performed using The SAS System®
version 8.02. Linear regression was carried out using
PROC GLM, with types I and III Sum of Squares
according to the data distribution. Tests for normality
were carried out in PROC UNIVARIATE using
Kolmogorov–Smirnov values. All other statistical
tests were carried out using PROC NPAR1WAY. A
P=0.05 was considered statistically significant.
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Results

Population structure

Our study population consisted of n=102,235 dogs
from n=72 breeds. There were 20 breeds weighing
less than 20 lb, totaling 15,482 dogs; 21 breeds
weighing 40 to 60 lb, totaling 32,110 dogs; 20 breeds
weighing 65 to 85 lb, totaling 49,727 dogs; and 11
breeds weighing over 90 lb, totaling 4,916 dogs.
Table 1 shows the 72 breeds included in this study
and indicates size groupings, life expectancy, cataract
incidence between ages 4 and 5, cataract incidence
between ages 7 and 10, lifetime cataract incidence,
and the percentage of dogs examined at ages over 10
in relation to all dogs examined.

Lifetime cataract incidence

No significant differences in cataract incidence
between lower and upper medium size dogs could
be found when their whole life span was considered
(P=0.5958, Wilcoxon 2-sided z; P=0.2979, Wilcoxon
1-sided z). These two groups were therefore merged
into one single category for analysis. The analyzed
data were thus divided into the three categories
“small” (under 20 lb), “medium” (40 to 85 lb), and
“giant” (over 90 lb).

Lifetime cataract incidence in the total studied
population was 9.07±5.69%. Cataract incidences in
the three groups were 6.59±3.53% in small dogs,
9.23±5.29% in medium-sized dogs, and 12.99±
8.08% in giant dogs. Figure 1 shows the results for
these groupings for ages 4 to 5.

Lifetime cataract incidence was not normally
distributed in small and medium dogs and border-
line in giant dogs. When comparing all three size
groups, there was a significant influence of size
group on lifelong cataract incidence, which in-
creased as dog mass increased (χ2=8.7468, P=
0.0126, Kruskal–Wallis test). When comparing only
small and giant breeds, this effect became consider-
ably more significant (P=0.0032, Wilcoxon rank
sum test).

Cataract incidence between ages 4 and 5

No significant differences in cataract incidence
between lower and upper medium size dogs between

ages 4 and 5 could be found (P=0.5573, Wilcoxon 2-
sided z; P=0.2787, Wilcoxon 1-sided z). These two
groups were therefore merged into one single category
for analysis as above.

Cataract incidence during the fourth to fifth year of
life was 8.68±4.12% in the overall studied popula-
tion. Cataract incidences in the three groups were
7.33±2.91% in small dogs, 8.60±3.67% in medium-
sized dogs, and 11.41±6.20% in giant dogs. This is
also shown in Fig. 1.

Cataract incidence during years 4 to 5 was
normally distributed in all three groups. When
comparing all three groups, there was a significant
influence of group on cataract incidence during years
4 to 5, which increased as dog mass increased (P=
0.0286, ANOVA). When comparing only small and
giant breeds, this effect became more significant (P=
0.0185, ANOVA).

Cataract incidence between ages 7 and 10

No significant difference in cataract incidence be-
tween lower and upper medium size dogs between
ages 7 and 10 could be found (P=0.3612, Wilcoxon
2-sided z; P=0.1806, Wilcoxon 1-sided z). These two
groups were therefore merged into one single category
for analysis as above.

Cataract incidence during the seventh to tenth year
of life was 14.10±8.96% in the overall studied
population. Cataract incidences in the three groups
were 11.02±6.37% in small dogs, 13.81±7.38% in
medium-sized dogs and 20.75±14.37% in giant dogs.
This is also shown in Fig. 1.

Cataract incidence during years 7 to 10 was
normally distributed in all three groups. When
comparing all three groups, there was a significant
influence of size group on cataract incidence between
ages 7 and 10, which increased as dog mass increased
(P=0.0125, ANOVA). When comparing only small
and giant breeds, this effect stayed roughly as
significant as before (P=0.0138, ANOVA).

Life expectancy

Life expectancies between the two medium-size
classes were significantly different (P=0.0013,
Wilcoxon 2-sided z). Therefore, these groups could
not be merged for the analysis of life expectancy,
which was conducted using four size groups. Differ-
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Table 1 Dog breeds used for this study, divided into three and four body mass classes, with mean life expectancy, percentage of dogs
diagnosed with cataract between ages 4 and 5 in relation to all dogs examined at this age, percentage of dogs diagnosed with cataract
between ages 7 and 10 in relation to all dogs examined at this age, percentage of dogs diagnosed with cataract at age 7 and above in
relation to all dogs examined at this age, percentage of dogs diagnosed with cataracts throughout life in relation to all dogs examined,
and percentage of dogs examined over age 10 in relation to all dogs examined

Breed Mass Cl. (4) Mass Cl. (3) Mean Life
Expectancy

Cataract
4–5 (%)

Cataract
7–10 (%)

Cataract
over 7 (%)

Lifelong
Cataract (%)

% Seen
Over 10

Alaskan Malamute 65–85 lb Medium 12 4.54 13.45 13.00 6.28 2.76

American Water Spaniel 40–60 lb Medium 12 5.00 5.88 5.00 4.96 2.48

Australian Cattle Dog 40–60 lb Medium 13.5 5.50 16.67 18.61 10.38 5.63

Australian Shepherd 40–60 lb Medium 13.5 3.47 9.64 10.55 6.36 3.20

Australian Terrier Small Small 13 5.13 9.52 9.38 4.46 9.82

Bearded Collie 40–60 lb Medium 13 14.54 19.00 18.18 15.80 5.21

Belgian Malinois 65–85 lb Medium 11 2.50 6.67 10.13 5.65 5.65

Belgian Sheepdog 40–60 lb Medium 12 3.01 9.09 9.91 6.22 6.45

Belgian Tervueren 40–60 lb Medium 12 4.26 18.73 20.72 9.92 6.04

Bernese Mountain Dog Giant Giant 7 8.55 23.03 20.93 13.41 2.40

Bichon Frisé Small Small 13.5 5.50 17.51 18.79 10.67 5.58

Border Collie 40–60 lb Medium 13.5 6.38 13.00 14.74 9.88 4.69

Borzoi 65–85 lb Medium 13 3.08 10.31 9.92 5.34 4.27

Bouvier des Flandres 65–85 lb Medium 11 8.11 19.28 19.64 13.40 4.74

Boxer 65–85 lb Medium 11 2.11 8.70 5.56 3.16 6.84

Briard 65–85 lb Medium 11.5 2.17 14.49 12.22 4.97 5.80

Bullmastiff Giant Giant 8 3.85 33.33 16.67 7.02 5.26

Cairn Terrier Small Small 13.5 1.91 6.52 10.70 7.13 13.73

Chesapeake Bay Retriever 65–85 lb Medium 11 4.91 12.33 13.66 7.18 2.73

Chinese Crested Small Small 11 0.77 9.47 10.74 4.45 4.13

Collie (Rough) 40–60 lb Medium 14 2.91 5.29 6.55 4.14 6.26

Curly Coated Retriever 65–85 lb Medium 10 2.56 13.85 15.12 6.55 6.25

Doberman Pinscher 65–85 lb Medium 10 5.99 12.94 12.62 8.24 2.97

English Mastiff Giant Giant 8 14.53 30.51 26.47 17.30 1.42

English Setter 40–60 lb Medium 12 3.57 9.09 8.89 7.32 7.32

English Springer Spaniel 40–60 lb Medium 13 3.71 12.01 13.53 7.23 5.93

English Toy Spaniel Small Small 11 4.17 5.88 4.76 4.29 5.71

Field Spaniel 40–60 lb Medium 11 3.49 25.93 30.00 16.30 1.63

Flat-Coated Retriever 65–85 lb Medium 12 10.24 35.98 35.05 17.58 1.93

German Shepherd 65–85 lb Medium 11.5 5.91 12.82 13.16 7.41 5.77

German Shorthaired Pointer 40–60 lb Medium 13 7.76 16.33 17.74 10.24 4.44

Giant Schnauzer 65–85 lb Medium 13.5 12.90 16.67 12.50 14.58 4.17

Golden Retriever 65–85 lb Medium 11 5.83 20.31 20.29 9.73 2.42

Gordon Setter 65–85 lb Medium 11 2.36 2.33 1.54 2.99 6.59

Great Dane Giant Giant 8.5 6.02 2.70 4.26 5.90 2.95

Great Pyrenees Giant Giant 11 8.62 14.29 10.53 9.46 6.76

Greater Swiss Mountain Dog Giant Giant 11 16.98 40.00 31.25 24.49 3.06

Greyhound 65–85 lb Medium 13 4.76 7.41 12.90 7.63 3.05

Havanese Small Small 14.5 7.41 27.20 27.10 11.71 1.91

Irish Setter 65–85 lb Medium 13.5 5.97 15.38 16.67 11.56 3.06

Table 1 Dog breeds used for this study, divided into three and
four body mass classes, with mean life expectancy, percentage of
dogs diagnosed with cataract between ages 4 and 5 in relation to
all dogs examined at this age, percentage of dogs diagnosed with
cataract between ages 7 and 10 in relation to all dogs examined

at this age, percentage of dogs diagnosed with cataract at age 7
and above in relation to all dogs examined at this age, percentage
of dogs diagnosed with cataracts throughout life in relation to all
dogs examined, and percentage of dogs examined over age 10 in
relation to all dogs examined
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ences in life expectancy between the four groups were
highly significant (P<0.0001, Kruskal–Wallis χ2=
39.46). Results are provided in Table 2 and Fig. 2.

The percentages of dogs examined over age 10 in
relation to the overall number of examined dogs per
breed were also significantly different between the
two medium-sized groups, which allowed them to be
tested separately. Differences between all four groups
were also highly significant for this measure (P=
0.0004, Kruskal–Wallis χ2=18.46). These results are
also provided in Table 2.

Generalized linear models

Having established both the correlation between
cataract incidence and breed size and between breed
size and life expectancy, several Generalized Linear
Models (type III Sum of Squares) were constructed to
examine the interaction between these variables.

We initially designed two models: The first one
was set up to show how much of the difference
between size classes was explained by life expectancy
and cataract incidence at different ages. The second

Table 1 (continued)

Breed Mass Cl. (4) Mass Cl. (3) Mean Life
Expectancy

Cataract
4–5 (%)

Cataract
7–10 (%)

Cataract
over 7 (%)

Lifelong
Cataract (%)

% Seen
Over 10

Irish Wolfhound Giant Giant 7 5.56 7.69 6.25 8.64 1.85

Italian Spinone 65–85 lb Medium 13 4.00 23.08 21.05 6.70 3.35

Jack Russell Terrier Small Small 15 4.11 9.73 10.66 6.36 3.88

Keeshond 40–60 lb Medium 14 9.29 13.24 17.44 10.05 4.89

Kuvasz Giant Giant 12 2.22 0.00 0.00 3.36 2.52

Labrador Retriever 65–85 lb Medium 13 6.67 21.13 21.91 11.28 2.15

Leonberger Giant Giant 8 14.81 41.67 40.00 17.54 2.63

Lhasa Apso Small Small 16.5 4.26 11.76 9.88 8.85 15.63

Löwchen Small Small 13 3.49 18.75 17.95 6.76 3.15

Miniature Dachshund Small Small 13.5 6.25 18.92 21.43 8.70 8.26

Miniature Poodle Small Small 13.5 3.85 12.00 15.07 8.05 6.05

Miniature Schnauzer Small Small 15 3.26 11.63 12.45 5.98 6.06

Newfoundland Giant Giant 9 4.63 19.35 20.00 8.33 3.95

Norwegian Elkhound 40–60 lb Medium 12 4.67 15.63 13.41 7.98 4.79

Norwich Terrier Small Small 13.5 0.00 2.56 10.00 4.29 9.01

Old English Sheepdog 65–85 lb Medium 11 8.10 22.22 21.62 13.98 4.24

Papillon Small Small 16 1.85 11.33 13.46 5.71 6.05

Pointer 40–60 lb Medium 13.5 10.00 0.00 0.00 9.23 9.23

Portugese Water Dog 40–60 lb Medium 12 4.58 25.29 27.61 12.49 5.36

Pug Small Small 13.5 0.00 0.00 0.00 2.31 5.78

Rottweiler Giant Giant 10.5 8.09 15.63 15.33 10.05 1.60

Saluki 40–60 lb Medium 12 0.00 0.00 6.67 8.77 7.02

Samoyed 40–60 lb Medium 13.5 3.69 19.20 18.86 7.96 4.57

Schipperke Small Small 15 5.63 10.53 17.14 8.76 5.99

Scottish Terrier Small Small 12 3.57 3.85 11.90 7.69 15.38

Siberian Husky 40–60 lb Medium 13 2.04 5.39 6.09 3.30 2.40

Silky Terrier Small Small 14 15.38 13.33 16.00 14.81 18.52

Tibetan Spaniel Small Small 13.5 3.16 5.56 5.43 4.18 4.40

Viszla 40–60 lb Medium 13.5 3.00 6.56 8.75 4.97 6.29

Weimaraner 65–85 lb Medium 11 4.23 11.11 10.26 4.94 1.85

Welsh Springer Spaniel 40–60 lb Medium 13 4.17 20.00 22.86 10.00 1.92

Yorkshire Terrier Small Small 15 0.00 14.29 14.00 7.44 18.18
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one was set up similarly, but replaced life expectancy
with the percentage of dogs examined over age 10 in
relation to the total number of dogs examined per
breed. Given that there were significant differences
in both life expectancy and the percentage of dogs
examined over age 10 between the two medium size
groups, these were kept separate for both analyses,
leading to four size classes in the overall models
(Tables 3 and 4).

Given the results of these two models, we
determined that there were correlations between both
body mass and cataract incidence and life span and
cataract incidence. In order to examine the interac-
tions between all three of these variables, four
additional models considering either life expectancy
or percentage of dogs seen over age 10 and either
cataract incidence between ages 4 and 5 or lifetime
cataract incidence were constructed to further exam-
ine the interaction of these variables. Their results are
rendered in Table 5. A scatter plot of life expectancy
versus body mass is provided in Fig. 3.

As evident in Table 5, life expectancy and percentage
of dogs examined over age 10 are solid predictors of
size class in all variants, even though the percentage of
dogs seen over age 10 explains less variability than life
expectancy, as expressed in the coefficients of deter-
mination (R2). This comparison also shows that cataract
incidence between ages 4 and 5 is a more significant
predictor of size class than lifetime cataract incidence.
It is noted that the former included more dogs, as
expected due to late life deaths in the latter list.

Given the previously cited concerns that dogs aged
4 to 5 may still be subject to a significant number of
inherited cataracts (Gelatt and Mackay 2005), we also
incorporated cataract incidence between ages 7 and
10 into a Generalized Linear Model, which resulted in
the following:

As can be seen in Table 6, when considering dogs
that are diagnosed with cataract above age 7, cataract
incidence above age 7 and lifetime incidence (ages 4
and above) are better predictors of size class than
cataract incidence between ages 4 and 5, while

Fig. 1 Body mass and cataract incidence between ages 4 and 5,
ages 7 to 10, and during overall life span for small, medium,
and giant dog breeds. Error bars indicate standard error

Table 2 Life expectancy and percentages of dogs examined
over age 10 in relation to the total number of dogs examined
per breed as a function of size groups

Group Life Expectancy±SD % Seen over 10 years±SD

Small 13.78±1.44 8.36±5.12

40 to 60 lb 12.81±0.83 5.04±1.91

65 to 85 lb 11.70±1.10 4.03±1.64

Giant 9.09±1.74 3.13±1.63

Fig. 2 Mean life span (in years) between the different body
mass groups. Error bars indicate standard error

Table 3 Generalized Linear Model (Type III Sum of Squares)
showing the influence of the variables beneath on size class

Variable F Value P value

Life Expectancy 80.19 <0.0001

Incidence 4 to 5 year 4.05 0.0484

Lifetime Incidence 0.19 0.6615

There are four degrees of freedom. Coefficient of determination
(R2 )=0.56, PModel<0.0001
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cataract incidence between ages 7 and 10 is borderline
significant as a predictor of size class.

Discussion

Our results offer evidence as to the interrelationships
of body mass, mean survival time, and the prevalence
of non-hereditary canine cataract, with cataract pro-
posed as a body size related biomarker of aging. To
the best of our knowledge, this interaction has not
been reported before: The prevalence of cataracts
among breeds, but without reference to body size, has
been reported previously (Gelatt and Mackay 2005).
The giant breeds that we have included here were not
present in this data set and the comparisons that we
show here were not made. A report by Patronek et al.
(Patronek et al. 1997) on breed body mass and
longevity is extensive and includes two breeds of
giant size dogs but did not report on cataracts. It is
based on survival statistics taken from veterinary
hospitals and lists the median age at death for all pure
breed dogs as 6.7 years, which seems excessively low

when compared to our data. Their report thus gives a
short mean life span in a list of all of the breeds
covered and this may be because of the source
material used, with the listing skewed by dogs dying
early. Williams et al. (2004) have reported a differ-
ence between three small and three medium size
breeds in cataract prevalence with a higher percent of
cataract in the larger breeds in this set of six entries,
and they also noted an expected increase of cataracts
with age in 2,000 individual dogs but without
reference to their breed or size.

The present results clearly show that there are
significant correlations between body size and related
life span, the overall cataract prevalence at middle
age, and its incidence throughout the full length of
life, although the latter effect is less strong. However,
CERF records indicate that fewer dogs are presented
for eye exams with increasing dog ages, and the mean
life span for the giant dogs in several breeds is
approximately 7 years, thus changing their statistical
and health profiles in this and later years. This could
explain why life expectancy values taken from a
previously published study (Greer et al. 2007)
explained size variance in our study considerably
better than did the percentage of dogs examined over
age 10 in relation to the total number of dogs
examined per breed.

While there were several outliers among the breeds
in each of these size groups (Table 1), the compar-
isons between groupings showed robust statistically
significant differences. The underlying importance of
breed size for length of life span was also confirmed
and extended. However, these several variances for
ARC prevalence among the individual breeds in

Table 4 Generalized Linear Model (Type III Sum of Squares)
showing the influence of the variables beneath on size class

Variable F value P value

% Dogs seen
>10 years

22.75 <0.0001

Incidence 4 to 5 years 3.83 0.0544

Lifetime Incidence 0.12 0.7326

There are three degrees of freedom. Coefficient of determina-
tion (R2 )=0.35, PModel<0.0001

Table 5 Four Generalized Linear Models (type III Sum of Squares) for variables explaining size class

F P F P F P F P

LE – – – – 81.11 <0.0001 83.20 <0.0001

% >10 22.94 <0.0001 22.62 <0.0001 – – – –

InLT – – 4.71 0.0335 – – 3.84 0.0541

In4–5 8.73 0.0043 – – 7.97 0.0063 – –

PModel R2 PModel R2 PModel R2 PModel R2

<0.0001 0.3442 <0.0001 0.3084 <0.0001 0.6224 <0.0001 0.6000

There are three degrees of freedom

R2 coefficient of determination, LE life expectancy, % >10 percentage of dogs examined over age 10, InLT lifetime cataract incidence,
In4–5 Cataract incidence between ages 4 and 5
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groupings of similar size (Table 1) indicate that mean
breed body mass alone is not the sole factor affecting
the cataract differences, but that individual genetic,
epigenetic, and possibly environmental factors are
also involved. These individual variances can never-
theless be overcome for study purposes when a large
number of breeds are included in the survey, as seen
here.

There is some controversy concerning the age
after which a cataract can be considered age-related
rather than hereditary in the domestic dog. Our results
show that when examining a sample of cataract cases
that occurred between ages 4 and 5 and were
classified by board-certified veterinary ophthalmol-
ogists as non-hereditary, a clear correlation between
cataract incidence, life expectancy, and body mass can

be established (Table 5). However, this correlation is
more significant when considering cataract incidence
between ages 7 and 10 and body mass than when
considering cataract incidence between ages 4 and 5
and body mass. It would therefore seem that cataract
incidence between ages 4 and 5 is still influenced by
a residual hereditary effect, although this effect was
not strong enough to lead to non-significant P values
in our case. This interpretation is further supported
when we analyze these variables simultaneously
using multiple linear regression (Table 6), which
shows that cataract incidence in the sample of older
dogs is a much more powerful predictor of body
mass than cataract incidence in the sample of
younger dogs when they are incorporated into the
same model. Given that we are not aware of any
studies linking hereditary cataracts to breed body
mass, this indicates that there is some residual
influence of hereditary cataracts in dogs aged 4 to
5, even when these cataracts have been classified as
non-hereditary by veterinary ophthalmologists.

Age-related cataract is characterized by lens pro-
tein aggregation and is associated with an abnormal
migration of lens epithelial cells, failure to eliminate
their internal organelles in the progressive differenti-
ation of lens surface cells to internal lens fiber cells,
and the presence internally in the lens of large
amounts of reactive oxygen species (ROS) in mice
and rats (Babizhayev et al. 1992; Reddy et al. 2001;
Wolf et al. 2005; Pendergrass et al. 2006; Greer et al.
2007). In our preliminary unpublished studies, these

Fig. 3 Scatter plot of mean body mass in pounds and life expectancy in the 72 studied breeds

Table 6 Generalized Linear Model (type III Sum of Squares)
for variables explaining size class, now incorporating cataract
incidences between ages 7 and 10, as well as for age 7 and
above

Variable F Value P Value

% Dogs seen
>10 years

22.65 <0.0001

Incidence 4 to 5 years 0.02 0.8751

Incidence 7 to 10 years 3.22 0.0773

Incidence >7 years 8.45 0.0050

Lifetime Incidence 12.62 0.0007

There are five degrees of freedom. Coefficient of determination
(R2 )=0.45, PModel <0.0001
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events also appear to occur in age-related cataracts in
dogs and humans.

In our present study of a large dog population and
within the limitations incurred by an individual breed’s
and an individual animal’s overall genetic makeup, as
well as environmental differences, it is seen that the
timing and lifelong prevalence of ARC represents an
informative biomarker that coexists with systemic age-
related events that affect life span. These events include
the accumulation of cellular damage, primarily of
oxidative nature, and other occurrences that may affect
both ARC and life span among dog breeds of differing
sizes. The animals’ respective growth rates and body
sizes suggest that the IGF pathway may be involved
(Bartke et al. 2003; Tryfonidou et al. 2003). We note
that a listing of the terminal diseases found in
relationship to small and large dog sizes can be found
in Deeb and Wolf (1994), and also with emphasis on
cancer (Bronson 1982), and especially for diseases of
large dogs (Lauten 2006).

The IGF relationship may be indirect, i.e., proceed
through additional pathways, but it has been found that
mice deficient in IGF-1 are not only smaller, but live
longer and have a significantly reduced prevalence of
cataracts when examined in late midlife (Bartke and
Brown-Borg 2004; Wolf et al. 2005). It also has been
shown in the mouse that receptors for IGF-1 and
insulin are both present in the lens (Xie et al. 2007). A
claim concerning the IGF-1 pathway input on life span
has been made for humans (Samaras and Storms
1992), while Eigenmann has connected circulating
IGF-1 levels with breed size (Eigenmann et al. 1988).

Our cataract studies reported here relate ARC
timing with size and life expectancy in dogs, but
without accompanying measurements of IGF-1 or its
binding proteins and appropriate receptors, thus our
proposals concerning IGF1 involvement are specula-
tive. We suggest that the rate of growth during birth to
adult size may be important for subsequent life span,
as is also proposed by others (Miller et al. 2000;
Samaras et al. 2003), and note that the initial birth
weight of small versus large or giant dogs is not
greatly different, requiring a greater turnover of cells
during the period of more rapid body growth in the
larger breeds (Tryfonidou et al. 2003).

The relationship between IGF1, the insulin receptor,
and ROS presence causing cell and DNA oxidative
damage is at present a subject of conflicting findings
(Davies 1995; Bartke et al. 2003; Sanz et al. 2005;

Speakman 2005; Papaconstantinou 2009). There is
evidence for these life span-related events in rapidly
growing animals (Deeb and Wolf 1994; Miller et al.
2002; Coile 2005; Galis et al. 2007; Samaras 2009).

In conclusion, our results show for the first time
that the time of appearance of a specific observable
aging-related lesion, canine ARC, serves as a
biomarker of aging and that its incidence correlates
directly with breed size and inversely with breed life
span. ARC itself is a general biomarker for expected
life span in the domestic dog, and both ARC and life
span relate to body size when a large number of
breeds (72) and individual animals (over 100,000) are
considered in a retrospective study of eye examina-
tions over a life span of 10+ years. Significantly,
IGF-1 and its receptor alleles have been linked both
directly and indirectly to cataract incidence (Wolf et
al. 2005) and to body size, skeletal structure, and life
span in dogs (Eigenmann et al. 1988; Greer et al.
2007; Sutter et al. 2007) and in other mammals
(Pendergrass et al. 1993; Miller et al. 2002; Bartke et
al. 2003; Samaras et al. 2003; Suh et al. 2008;
Taguchi and White 2008).

Increasing the pathological, hormonal, and molec-
ular data for the canine breeds selected for body size,
rate of early growth, and evidence of oxidative
damage sustained should provide new information
on the effects of the rate of growth and the IGF-1
pathway on life span, age-related lesions, and the rate
and extent of cell replication that accompanies these.
The knowledge of breed and group-specific ARC
prevalence and its relationship to body size and life
span provides one baseline for such studies.
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