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Diabetes Mellitus in a Population of 180,000 Insured Dogs:
Incidence, Survival, and Breed Distribution

Tove Fall, Helene Hansson Hamlin, Ake Hedhammar, Olle Kéampe, and Agneta Egenvall

Background: Canine diabetes mellitus (DM) is a common endocrinopathy with an unclear etiology. For a better
understanding of the underlying mechanisms, there is a need for comprehensive epidemiologic studies. Earlier studies have
shown that the risk of disease is higher in certain dog breeds.

Hypothesis: Incidence, age of onset, survival and sex proportion of DM vary by breed.

Animals: Data from a cohort of 182,087 insured dogs aged 5-12 years accounting for 652,898 dog-years at risk were studied
retrospectively.

Methods: Incidence rates by sex, breed, and geography were calculated with exact denominators. Age-specific incidence and
survival after 1st DM claim were computed with Cox’s regression and Kaplan-Meier survival function. Multivariable survival
analysis was performed for the outcome diagnosis of DM with age, sex, and geography tested as fixed effects, previous
endocrine or pancreatic diseases tested as time-dependent covariates, and breed tested as a random effect.

Results: The mean age at 1st insurance claim for the 860 DM dogs (72% females) was 8.6 years. The incidence of DM was
13 cases per 10,000 dog-years at risk. Australian Terriers, Samoyeds, Swedish Elkhounds, and Swedish Lapphunds were
found to have the highest incidence. The proportion of females with DM varied significantly among breeds. Swedish
Elkhounds, Beagles, Norwegian Elkhounds, and Border Collies that developed DM were almost exclusively females. The
multivariable model showed that breed, previous hyperadrenocorticism, and female sex were risk factors for developing DM.
Median survival time was 57 days after 1st claim. Excluding the 223 dogs that died within 1 day, the median survival time was
2 years after 1st claim of DM.

Conclusion: The significant breed-specific sex and age differences shown in this study indicate that genetic variation could
make breeds more or less susceptible to different types of DM.
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iabetes mellitus (DM) is a common endocrinopathy
D in dogs, with certain breeds shown to have either an
increased or decreased risk of developing the disease.'®
The etiology of canine DM is considered multifactorial
and may be broadly divided into insulin resistance and
insulin deficiency.” Insulin deficiency diabetes is suggested
to be caused either by autoimmune destruction of insulin-
producing beta cells, pancreatitis, or secondary to chronic
hyperglycemia (eg, insulin resistance diabetes).”'® Insulin
resistance diabetes may occur as a consequence of
hormonal disturbances (eg, hyperadrenocorticism, pro-
gesterone-induced acromegaly).'"'? Epidemiologic studies
have reported that most affected dogs are >5 years of age
at the onset of DM.>? Several studies have found female
dogs to have an increased risk for DM?*¢; however, in 1
recent large study this association was not confirmed.’
Dogs with DM are most often dependent on insulin for
survival. The mean survival time in dogs with DM is
described to be approximately 3 years from the time of
diagnosis with the highest mortality occurring during the
Ist 6 months." One study reported that 64% of DM dogs
that survive initial stabilization also survive the 1st year
after diagnosis." Studies have shown different risk
estimates for human DM in different nations, seasons
of the year, and in rural versus urban areas.””'” Some
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studies of dogs have indicated a winter peak for the onset
of DM,*!® whereas other studies have shown no seasonal
predisposition.>¢

A large proportion of the Swedish dog population is
covered by an insurance plan, and most dogs are not
neutered. The Agria Insurance Company* covers ap-
proximately 30% of the entire Swedish dog population.”
The insured population reflects the general Swedish dog
population with regard to sex, age, and breed, with
exception of mixed breed dogs and older dogs, which are
underrepresented in the insured population compared
with in the general Swedish dog population.”

The main objective of this study was to provide
population-based breed-specific information on canine
DM in dogs >5 years of age, regarding general incidence,
incidence by age and sex, and survival after diagnosis of
DM. A 2nd objective was to evaluate sex, geography, and
other endocrine or pancreatic diseases as risk factors for
the development of DM, controlling for age and breed.

Material and Methods

Insurance Process

The Agria Insurance Company offers 2 kinds of insurance plans
for dogs. One is for veterinary care in which the owner, in the event
of disease, is reimbursed for costs exceeding the deductible for
veterinary treatment. The other is a life insurance plan in which the
owner is reimbursed the monetary value of the dog in case of death
caused by disease or accident. The veterinary care plan currently
has no age limit, whereas the life insurance plan has an upper age
limit of 10 years. The insurance process has been described in detail
by Egenvall et al.* Most dogs are enrolled in insurance as puppies,
but dogs can enter the insurance program until they are 6 years of
age.”!

We used individual data on sex, breed, date of birth, date of
death, date of entry and exit from insurance plan, reason for exit,
date of insurance claim, diagnostic coding, postal code of the
owner, and type of insurance. If more than 1 diagnosis is reported
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on the same claim, only 1 diagnostic code is recorded in the
database. Neuter status was not available in the database.

Data Management

Breeds were classified according to the Swedish Kennel Club
breed classification system. Some breeds were combined (eg,
German Pointer included both smooth-haired and wire-haired
German Pointers).

The owners’ postal codes were used to construct the variable
geography (south, middle, north) and whether the dog lived in 1 of
the 3 largest cities in Sweden or not (urban or rural). These 2
variables were combined into 1 variable (eg, south, urban). Because
none of the 3 cities are situated in the north region, there were 5
different geographic categories.

Diagnostic codes were assigned by the attending veterinarian
based on a standardized system with approximately 8,000 codes.?
There were 4 codes associated with diabetes mellitus: DM, DM
with complications, DM without complications, and DM with
ketoacidosis. For the variable “other endocrine or pancreatic
disease,” the following coded diagnoses were used: hypothyroid-
ism, hyperadrenocorticism (including iatrogenic hyperadrenocorti-
cism), adrenocortical insufficiency, pancreatitis (acute or chronic),
and exocrine pancreatic insufficiency.

Study Population

Dogs that were covered by an insurance plan for both
veterinary care and life during the years 1995-2004 were selected.
An individual was considered a case of DM at the time of the Ist
recorded claim. Because few dogs develop DM before 5 years of
age,”® we decided to exclude both cases (n = 36) and time-at-risk
before 5 years of age. Dogs were followed up to 10 years of age for
life insurance claims and up to 12 years of age for veterinary care
claims. Data after 12 years of age were considered unstable due to
the low number of individuals at risk, and the cases of DM (n = 19)
>12 years of age at Ist claim were excluded. Consequently, we
increased the number of dogs that were followed for the same age
span (from 5 to 12 years of age). The variables “other endocrine or
pancreatic disease” were recorded in the same manner. Dogs (n =
300) without match to the geographic variable were omitted.

Univariable Statistics

Descriptive statistics were presented for the study population
and for the DM cases. The proportion of females and the mean age
at 1st claim with 95% confidence intervals (CI) were calculated in
general and for breeds with at least 15 cases. Only data on breeds
with >4,000 dog years at risk (DYAR) or >10 cases of DM were
used in the breed-specific analysis. The proportion of new cases in
the time periods January—March, April-June, July—September, and
October-December were calculated separately for each sex with
95% CI. For cases, breed-specific proportions of females and by
season and sex for the 1st claim, exact binomial 95% ClIs were
constructed. Nonoverlapping CIs for sex, age, and season were
considered statistically significantly different.

Incidence rates were calculated with exact denominators. Each
animal in the study population contributed to the denominator
with the exact time they were at risk in the database. Incidence
rates were calculated in general, by the 1990-1992 cohorts, breed,
sex, and geography. The incidence rates were multiplied by 10,000
to be interpreted as the number of new cases of DM per 10,000
DYAR. Cases of other endocrine or pancreatic diseases were
counted in the non-DM population and before and after onset of
DM in the DM population.

By using the baseline survival statement from Cox’s regression,
the cumulative proportions of dogs that developed DM up to
certain ages (ie, 8, 10, and 12 years) were estimated. The

proportions also were estimated by breed for breeds with =40
cases. For the analysis, we assumed that the risk of DM before
5 years of age was 0. Age-specific and breed- and age-specific
incidence rates were constructed by use of the SMOOTH macro,*
which computes age-specific hazards (rates) from the baseline
survival function computed by PHREG." This approach provides
a smoothed estimate of the hazard curve by a kernel-smoothing
method. The WIDTH parameter was set to one fifth of the range of
event times.

Kaplan-Meier survivor functions (up to 10 years of age) for
survival after Ist DM claim were constructed for all dogs and by
breed for breeds with at least 40 cases. The log rank test was used
to evaluate overall, and if significant, pairwise differences in
survival among these breeds. Survival times also were estimated for
dogs surviving >1 day and >30 days after Ist DM claim.

Multivariable Analysis of Time to DM

A multivariable Cox regression model was developed for
a reduced dataset consisting of the breeds with >4,000 DYAR
and the breeds with at least 10 cases of DM. The outcome was time
to Ist DM event. Dogs were censored either when the study period
ended, when they reached 12 years of age, or when they left the
insurance program for reasons unrelated to DM. Sex and
geography were entered as fixed effects (male baseline for sex
and middle-rural baseline for geography). The proportional
hazards assumption was investigated by plotting the natural
logarithm of the cumulative hazard stratified by sex and geography
(log-log plots; from Cox regressions without covariates) against the
log of age of exit. A frailty term (random effects in survival
analysis) was entered for breed. The 1st model (i) was constructed
using only these non—time-dependent effects.

In order to investigate the “other endocrine or pancreatic”
diseases as possible risk factors for the development of DM, each of
these was tested one at a time, together with the fixed effects from
model (i) resulting in 5 interim models. If the time-dependent
covariates were significant at P < .1, they were further tested in
models (ii)—(vi) together with both the fixed and frailty effects from
model (i). For each modeled “other endocrine or pancreatic”
disease, the dataset was split at the time of Ist claim for this disease,
and the effect was calculated to be the same from this event until
DM or censoring.

Model fit was inspected by use of plots of Martingale residuals
against DYAR and against covariates.

Multivariable Analysis of Time to Death after DM

Multivariable Cox regression analysis was further employed to
evaluate risk factors for survival after the 1st claim of DM. Only
time up to 10 years of age was used. The possible fixed risk factors
tested were age at DM, sex, geography, and previous diagnosis
(before 1st DM claim) of hyperadrenocorticism, adrenocortical
insufficiency, or pancreatitis. Breed was entered as a frailty effect,
a priori with the 46 breeds from model (i). Consequently, only
breeds with at least 2 individuals were kept and 3 breeds (with 1
individual each) were deleted. Interactions were tested at P < .1,
and effects were retained if P < .05. Model validation was made
analogously to the “time to DM” models. The statistical software
program STATA 9.1° was used for multivariable analysis, the
procedure STCOX was used for Cox regression. Data handling was
performed by SAS version 9.1.°

Results
Study Population

The study population included 182,087 (50.6%
female) dogs accounting for 667,282 DYAR with 294



Epidemiology of Canine Diabetes Mellitus 1211

different breed designations recorded. The time at risk
that each dog contributed ranged from 1 day to 7 years
(median, 3.5 years).

Cases

Eight hundred and sixty dogs had claims for DM.
The mean age at Ist claim of DM was 8.6 years (range,
5-12 years). Of the 686 dogs that had claims for DM
before 10 years of age, 252 (37%) had both life and
veterinary care claims, 157 (23%) had life claims alone,
and 277 (40%) had veterinary care claims alone. Six
hundred and eighteen (72%) of the DM cases were
female. The number of cases per breed with the
proportion of females and the mean age of 1st insurance
claim are presented in Table 1. Cases of other endocrine
or pancreatic diseases in the non-DM population and
before and after onset of DM in the DM population are
shown in Table 2. There was a significantly higher
proportion of new female cases in the spring (April-
June) than in the other months. No seasonality of Ist
claim of disease in male dogs was found (Fig 1).

Incidence

Table 3 shows the incidence for all dogs, for cohorts
born 1990-1992, by sex and by geographic region.
Table 1 presents the breed-specific incidence rates for 46
breeds with >4,000 DYAR or at least 10 cases. Figure 2
shows age-specific incidence rates for breeds with =40
cases. Table 4 presents the estimated proportion of dogs
that developed DM before 8, 10, and 12 years, re-
spectively, overall, by sex and by breed (with at least 40
cases).

Survival after DM

The median survival time (n = 686, deaths = 413)
after Ist DM claim was 57 days (95% CI, 27-100). For
the dogs surviving at least 1 day (n = 463, deaths = 207)
after diagnosis, the median survival time was 2.0 years
95% CI, 1.1 to not estimable) and, for the dogs
surviving at least 30 days (n = 347, deaths = 105) after
Ist DM claim, the median survival time was not
estimable because of the fraction failing to reach 50%
mortality (Fig 3). The proportion of dogs surviving
1 year (95% CI) was 40% (36-44); 2 years, 36% (32-40);
and 3 years, 33% (29-37). The log rank test showed
a significant (P = .0013) difference between the
estimated survival times after 1st DM claim for the 5
breeds with at least 40 cases (Fig4). Significant
differences in the pairwise comparison were found
between the Border Collie and the Drever (P = .004),
the Border Collie and the Swedish Elkhound (P < .001),
the Labrador and the Swedish Elkhound (P = .04), and
the Samoyed and the Swedish Elkhound (P = .02).

Multivariable Analysis of Time to DM

Model (i) included 139,861 dogs with 509,025
DYAR and 702 DM cases from 46 different breeds,
with an incidence of 13.8 cases per 10,000 DYAR.
Females had a hazard ratio (HR) of 2.6 (95% CI, 2.2—

3.1) compared with males. The tested fixed effect
geography was not significant. The frailty effect for
breed was significant (P < .001). Hyperadrenocorti-
cism was added as a time-dependent covariate in model
(i1). The HR for dogs with hyperadrenocorticism was
9.3 (95% CI, 5.4-15.9) compared with dogs without
hyperadrenocorticism, whereas the sex effect was the
same. Model (ii) was based on 139,854 dogs (7 dogs
were omitted because of different handling of decimals
in the 2 programs used) with 702 DM cases. The rank
of the breed-specific frailty components from model (ii)
is presented in Table 1. Pancreatitis, pancreatic in-
sufficiency, adrenocortical insufficiency, and hypothy-
roidism were evaluated as risk factors in models (iii)—
(vi), but these variables did not contribute to the
models, neither increasing nor decreasing the risk of
DM. The plots of Martingale residuals against DYAR
and covariates were deemed acceptable. In model (i),
the largest negative residuals were found for female
dogs of high-risk breeds without DM. In model (ii),
these were found for female dogs with hyperadreno-
corticism without DM.

Multivariable Analysis of Time to Death after DM

Three hundred and sixty-five dogs (173 failures) from
39 breeds (2-32 individuals per breed) were included in
the model. The breed frailty effect was significant (P =
.032) on survival after 1st DM claim (breed rank not
shown). None of the other variables evaluated as risk
factors were found to influence survival time after DM:
age at Ist claim, sex, geography, or previous diagnosis
(before 1st DM claim) of hyperadrenocorticism, adre-
nocortical insufficiency, or pancreatitis. The plots of
Martingale residuals against time (in years) showed that
the largest positive and smallest negative residuals were
found at small values of time. Obviously, this model
lacked unmeasured covariates, although breed contrib-
uted to the model.

Discussion

Published estimates of disease frequency and breed
predilection of diseases in companion animals common-
ly are based on hospital records from teaching hospitals,
which lack information from primary care units and
about the size and composition of the population at risk.
In the present study we followed insured dogs longitu-
dinally with health care information from all levels of
veterinary care. The authors’ opinion, based on previous
work, is that the results can be extrapolated to all
insured dogs in Sweden.! Stratified estimates (eg, by
breed and sex) are most probably relevant for dogs in
industrialized countries all over the world. The obvious
exception is that Swedish dogs are not commonly
neutered as in most other Western dog populations.

The overall incidence of DM in this study was 13
cases per 10,000 DYAR. For the birth cohorts 1990-
1992, which were followed to 12 years of age, the
incidence was higher (16 cases per 10,000 DYAR)
because the incidence of DM increases with age. The
estimated cumulative proportion of dogs that would
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Table 1.

with a total of 860 diabetes mellitus cases.

Fall et al

Breed-specific details of age at 1st claim, gender and incidence from an insured population of 182,087 dogs

Mean Age* Prop Females* IR, cases per 10,000

Breed n (95% CI) (95% CI) Rank AR DYAR DYAR (95% CI)
Australian Terrier 10 — — 1-1 165 548 183 (69-296)
Samoyed 40 8.6 (8.0-9.1) 0.63 (0.46-0.77) 2-2 1,087 3,850 104 (72-136)
Swedish Lapphund 13 — — 3-3 508 1,803 72 (33-111)
Swedish Elkhound 47 7.8 (7.4-8.3) 0.96 (0.86-0.99) 4-4 3,485 10,359 45 (32-58)
Border Collie 51 8.9 (8.5-9.3) 0.98 (0.90-1.00) 5-5 3,999 13,990 36 (26-46)
Finnish Hound 17 8.5(7.8-9.1) 0.65 (0.38-0.86) 6-6 1,571 4,746 36 (19-53)
Drever 54 8.6 (8.3-8.9) 0.83 (0.71-0.92) 7-7 4,580 15,187 36 (26-45)
West Highland White Terrier 24 9.2 (8.6-9.8) 0.58 (0.37-0.78) 88 1,778 17,275 33 (20-46)
Hamilton Hound 30 8.1 (7.5-8.7) 0.67 (0.47-0.83) 9-9 3,022 10,492 29 (18-39)
Beagle 15 8.9 (8.2-9.6) 0.93 (0.68-1.00) 10-11 1,680 6,200 24 (12-36)
Poodle (Miniature and Toy) 35 8.5 (8.0-9.1) 0.66 (0.48-0.81) 11-12 3,785 14,492 24 (16-32)
Rottweiler 20 7.9 (7.2-8.5) 0.35 (0.15-0.59) 12-10 2,877 8,832 23 (13-33)
Cairn Terrier 22 9.3 (8.8-9.8) 0.68 (0.45-0.86) 13-13 2,605 10,609 21 (12-30)
Miniature Schnauzer 14 — — 14-14 1,896 7,035 20 (10-30)
Finnish Spitz 8 — — 15-15 1,302 4,405 18 (6-31)
Bichon Frisée 13 — — 16-17 1,954 7,507 17 (8-27)
Norwegian Elkhound 18 8.4 (7.8-8.9) 1.00 (0.81-1%) 17-16 3,150 10,655 17 (9-25)
Mixed breed 33 8.6 (8.1-9.2) 0.91 (0.76-0.98) 18-19 6,253 22,083 15 (10-20)
Cavalier King Charles Spaniel 23 7.8 (7.3-8.4) 0.52 (0.31-0.73) 19-18 4,507 15,857 15 (9-20)
English Springer Spaniel 23 8.3 (7.6-9.1) 0.87 (0.66-0.97) 20-22 4,565 17,165 13 (8-19)
Labrador 50 8.9 (8.4-9.4) 0.52 (0.37-0.66) 21-20 9,483 36,715 13 (10-17)
Irish Setter 7 — — 22-21 1,386 5,276 13 (3-23)
Tervueren 5 — — 23-23 1,189 4,555 11 (1-21)
Shetland Sheepdog 10 — — 24-25 2,665 9,804 10 (4-17)
Munsterlander 4 — — 25-26 978 4,030 10 (0-20)
Dalmatian 4 — — 26-27 991 4,080 10 (0-19)
Dachshund (smooth/wire/normal) 27 9.1 (8.5-9.7) 0.74 (0.54-0.89) 27-38 7,420 30,341 9 (6-12)
Bernese Mountain Dog 4 — — 28-24 1,643 4,560 9 (0-17)
Border Terrier 6 — — 29-29 1,928 7,483 8 (2-14)
English Cocker Spaniel 8 — — 30-31 2,835 10,321 8 (2-13)
Flat-Coated Retriever 7 — — 31-30 2,704 9,274 8 (2-13)
German Pointer 6 — — 32-32 2,327 8,235 7 (2-13)
Yorkshire Terrier 4 — — 33-35 1,500 5,823 7 (0-14)
Nova Scotia Duck Tolling Retriever 3 — — 34-33 1,293 4,504 7 (0-14)
Petite Basset Griffon 3 — — 35-34 1,309 4,566 7 (0-14)
Jack Russell Terrier 4 — — 36-36 1,838 6,538 6 (0-12)
Shih Tzu 3 — — 37-37 1,325 5,033 6 (0-13)
Miniature Dachshund 12 — — 38-38 5,820 20,873 6 (3-9)
German Shepherd 16 8.3 (7.6-9.0) 0.94 (0.70-1.00) 39-39 13,522 45,456 4 (2-5)
Rough Haired Collie 3 — — 40-40 3,237 12,271 2 (0-5)
Standard Poodle 1 — — 4142 1,643 5958 2 (0-5)
Soft Coated Wheaten Terrier 1 — — 42-41 1,715 6,104 2 (0-5)
Bearded Collie 1 — — 43-43 1,866 7,511 1(0-4)
Golden Retriever 3 — — 44-46 11,099 44,758 0 (0-1)
Boxer — — — 4544 1,594 5253 0
Papillon — — — 4645 1,782 6,615 0

n, number of animals; prop females, proportion of females; CI, confidence interval; Rank, crude rank and rank from Cox proportional
frailty model (Crude rank—-Model rank); AR, animals at risk; DYAR, dog years at risk; IR, incidence rate in DM cases/10,000 DYAR.

*Proportion of females and mean age at st claim are only estimated for breed with more than 15 cases.

“Normally, all confidence intervals (CI) are two-sided, i.e they show the variation for the estimate with an upper and a lower limit with
a 95% confidence. The ClIs in this case are calculated with exact binomial distribution, thus one-sided, 97.5% CI.

develop DM before 12 years of age was 1.2% (ie, 1 of
100 dogs reaching 12 years of age would develop DM).
Earlier epidemiologic reports on DM have neither been
estimated incidence nor determined cumulative pro-
portion, which makes comparison difficult. Davison et
al reported from a UK insurance cohort a DM
prevalence of 0.32%.* Guptill and coworkers® found

a hospital prevalence of 0.64% in the United States, and
Fracassi and coworkers' reported an Italian hospital
prevalence of 1.33%.

As any secondary database, an insurance database
cannot be expected to have completely accurate re-
cording of diagnoses. The Agria database has been
validated with regard to the agreement between veter-
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Table 2. Distribution of 5 endocrine or pancreatic
diseases of 860 DM cases and 181,227 dogs without DM
aged 5-12 years.

Table 3. Incidence rates for all dogs (n = 182,087) in
the study, for the birth cohorts 1990-1992 and by sex
and geographic region.

Cases in
Cases before Cases after  Non-DM
DM Diagnosis DM Diagnosis  Dogs
Hypothyroidism 7 3 1345
Adrenocortical
insufficiency 3 1 207
Hyperadrenocorticism 17 16 733
Exocrine pancreatic
insufficiency 0 1 91
Pancreatitis 7 2 300

DM, diabetes mellitus.

inary practice records and computerized insurance data.
The observed agreement for diagnosis in health and life
claims was 84.0 and 84.9%, respectively, which was
considered as fair diagnostic validity.>* We believe that
the DM diagnosis has a higher diagnostic validity than
many other diseases in view of the straightforward
clinical presentation and readily interpreted clinical
biochemistry findings.

In the present study, 72% of the DM cases were
female dogs, which is consistent with several previous
studies.>*'* The high incidence of DM in intact female
dogs can be explained by the insulin antagonistic action
of progesterone and mammary-derived growth hor-
mone."” In Sweden, spaying of bitches is rare (approx-
imately 7% in a cross-sectional sample) and is performed
most often late in life for medical reasons such as
pyometra.'’” Unfortunately, neuter status is not recorded
in the database.

A tendency toward spring (April-June) predisposi-
tion was recorded for the female dogs in the present
study. This spring tendency may reflect onset of
progesterone-induced DM triggered by increased estral
activity. The date of Ist DM insurance claim, however,
could occur at a considerable time after the 1st signs of
disease, as some dog owners do not seek help at the 1st
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Fig 1. Seasonal distribution of date of 1st DM insurance claim in

860 DM cases grouped by sex (female = grey) in Swedish insured
dogs during 1995 to 2004. Error bars represent 95% exact binomial
confidence intervals. Dogs insured by Agria Insurance Company,
Stockholm, Sweden.

IR, Cases per 10,000

Animals n DYAR DYAR (95% CI)

All 860 652,898 13 (12-14)
Cohorts 1990-1992 483 296,489 16 (15-18)
Male 242 318,406 8 (7-9)
Female 618 334,491 19 (17-20)
North rural 118 74,154 16 (13-19)
Middle rural 311 214,833 15 (13-16)
Middle urban 108 87,759 12 (10-15)
South rural 244 205,835 12 (10-13)
South urban 79 70,318 11 (9-14)

n, number of animals; DYAR, dog years at risk; IR, incidence
rate; CI, confidence interval.

signs of disease. In 2 previous studies, a winter pre-
disposition was found for the onset of DM in dogs.*'*
Two other studies, however, did not show any seasonal
predisposition.?® In type 1 DM of humans, seasonal
variability in diagnosis attracted much attention in the
1970s.% Seasonality of onset of type 1 DM conforms to
a sinusoidal model with a peak occurring in winter,
a feature that is consistently observed in both sexes and
in all age groups.” Of interest, a large multicenter
epidemiologic study showed that no winter peak was
found in the Scandinavian countries.'® The reasons why
DM shows neither a winter predisposition in the present
study of dogs nor in Scandinavian people are not
known.

DM is mainly a disease of middle-aged and older
dogs.>*!*!® Canine DM thus differs from the human
autoimmune type 1 DM in humans, which is diagnosed
usually in young age, although it has become more and
more apparent that type 1 DM occurs in all age groups.
The late onset form of autoimmune DM is sometimes
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Fig 2. Smoothed estimates of age-specific incidence rates for 5
breeds with at least 40 DM cases each and for all cases in a life and
veterinary care insured population of 182,087 dogs in Sweden
during 1995 to 2004. Dogs insured by Agria Insurance Company,
Stockholm, Sweden. Samoyed (Sa), Drever (Dr), Border Collie
(BC), Swedish Elkhound (SE), Labrador (La), All females (F), All
males (M). Dogs insured by Agria Insurance Company.
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Table 4. Cumulative percentage of dogs that have
developed diabetes mellitus at different ages.

Percentage (95% CI)

8 Years 10 Years 12 Years
All 0.3(0.2-0.3) 0.7 (0.7-0.8) 1.2 (1.1-1.2)
Females 0.4 (0.3-04) 1.0(0.9-1.1) 1.6 (1.5-1.7)
Males 0.1 (0.1-0.2) 0.4 (0.3-0.5) 0.6 (0.5-0.7)
Border Collie 0.4 (0.1-0.6) 2.2(1.5-2.8) 3.4(2.344
Swedish Elkhound 1.3 (0.8-1.8) 2.5 (1.7-3.3) 3.6 (2.3-4.9)
Samoyed 1.9 (0.9-2.8) 5.3 (3.4-7.1) 9.0 (5.9-12.0)
Labrador 0.2 (0.1-0.3) 0.6 (0.4-0.9) 1.3(0.9-1.7)
Drever 0.7 (0.4-1.0) 24 (1.7-3.1) 3.0(2.2-3.9)

CI, confidence interval.

called latent autoimmune diabetes in adults (LADA). It
remains unknown why canine DM is diagnosed primar-
ily in older aged dogs. Although it is reasonable to
assume that insulin-resistant types of canine DM (eg,
secondary to hyperadrenocorticism or acromegaly) start
late in life, this explanation does not hold for all canine
DM cases. An earlier study showed that approximately
80% of dogs with DM were 5 to 12 years of age at
onset,® and another study indicated that 41% were
>11 years of age at st visit to tertiary care facilities.” In
the present study, only dogs aged 5 to 12 years were
included. Therefore, conclusions could only be made for
the age group studied. Because life insurance for dogs is
not available after 10 years of age, the sensitivity of
detection of disease in older dogs might be low (because
the claim must exceed a deductible), and disease
recording for veterinary claim may be less precise than
for life claims.

In this study, no significant differences were found in
the incidence of DM among different areas of the
country, although speciality care for companion animals
is more readily available in the cities. This result could
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Fig 3. Kaplan-Meier survival estimates after 1st insurance claim
for DM in dogs 5-10 years of age with life insurance during 1995 to
2004 in Sweden. The 1st group includes all dogs (n = 686, deaths =
413). The 2nd group includes only the dogs that survived the Ist
day (n = 463, deaths = 207), and the 3rd group includes only the
dogs that survived the 1st 30 days (n = 347, deaths = 105). Dogs
insured by Agria Insurance Company, Stockholm, Sweden.
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Fig 4. Kaplan-Meier breed-specific survival estimates after 1st
insurance claim for DM. Breed-specific survivals are shown for
breeds with at least 40 cases. The analysis is based on dogs of 5-
10 years of age with life insurance during 1995 to 2004 in Sweden.
Dogs insured by Agria Insurance Company, Stockholm, Sweden.

be explained by the fact that the diagnosis of DM is
quite straightforward and not likely to be overlooked in
primary care facilities.

One study showed a 1-year survival rate of 64% for
dogs that survived initial stabilization, which is compa-
rable with dogs surviving the initial period in the present
study.' Approximately 40% of the dogs in the present
study had a death date that coincided with the date of
DM claim, probably reflecting a high rate of elective
euthanasia at diagnosis. Another reason for dying
shortly after diagnosis is diabetic ketoacidosis. Keto-
acidosis is reported to occur in 15% dogs with DM
presented to tertiary clinics.”” Previous research indicates
that 30% of dogs with ketoacidosis do not survive initial
treatment.”®

In a US study of a hospital record database, it was
concluded that Samoyeds, Miniature Schnauzers, and
Miniature Poodles were at high risk of DM.> Another
survey confirmed these findings and also identified 4
Northern ““Spitz” or husky-type breeds (Keeshond,
Samoyed, Finnish Spitz, and Siberian Husky) to be
among the 12 breeds with high risk of DM.? In the
present study, 3 of the 10 breeds with the highest
incidence were of Spitz type: Samoyed, Swedish
Elkhound, and Swedish Lapphund. Moreover, 3 others
of these 10 breeds were Scandinavian hound dogs:
Finnish Hound, Hamilton Hound, and Drever. No
breed of Scandinavian origin had a lower incidence rate
than the mixed breed group. Why Spitz breeds and
breeds of Scandinavian origin would be more prone to
develop DM than other breeds is not known. Species
adapted to cold climate may have altered glucose
metabolism that allows them to survive in cold climates
and also makes them more susceptible to DM.* Sweden
and Finland have among the world’s highest incidences
of human type 1 DM." Of the other overrepresented
breeds in the present study, the Australian Terrier was
previously reported to be predisposed to develop DM.>?

As in other studies, some breeds had a low risk for
developing DM (eg, Golden Retriever, Boxer, Papillon,
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Tibetan Spaniel). Furthermore, we found that in
Swedish Elkhound, Norwegian Elkhound, Beagle, and
Border Collie breeds, females almost exclusively were
affected, whereas breeds such as the Labrador Retriever
and West Highland White Terrier had equal male/female
ratios. These results clearly indicate that some breeds
may be prone to types of DM that primarily affect
females (eg, progesterone-induced DM). In studies from
other countries, these breeds (Beagle, Border Collie,
Swedish Elkhound, and Norwegian Elkhound) are not
overrepresented, which might be explained by the low
number of intact bitches with DM in these studies. The
mean age (95% CI) at 1st DM claim varied significantly
with breed, from 7.8 years to 9.3 years. Some breeds
have longer life spans than others, which could interfere
with the interpretation of the breed-specific means of
age of onset.*® In the comparison of the 5 breeds that
had >40 cases, there were significant differences in
survival among breeds. In the pairwise comparison, the
2 hunting breeds (Swedish Elkhound and Drever) had
lower survival rates than did some of the other breeds,
which could be caused by owner-related reluctance to
treat hunting dogs with insulin or other breed-related
factors related to shorter survival. The differences in sex
proportion, age, and survival discussed above indicate
that the etiology of DM might vary among breeds and
suggests the possibility to map genes involved in the
etiology of DM in different breeds.

A study based on medical records from 221 dogs with
DM shows that dogs with DM often have concurrent
disorders.”” The most common concurrent disorders in
that study were hormonal disturbances, urinary tract
infections, otitis, dermatitis, acute pancreatitis, and
neoplasia. Another study also describes acute pancrea-
titis to be associated with DM.? In the present study, we
evaluated endocrine and pancreatic disease episodes as
risk factors for DM. In the multivariable analyses, only
previous hyperadrenocorticism showed a significantly
increased risk for developing DM, which supports the
hypothesis that hyperadrenocorticism is a contributing
factor for development of DM in dogs and may increase
the incidence of DM in breeds susceptible to hypera-
drenocorticism. The increased plasma concentration of
cortisol in dogs with hyperadrenocorticism increases the
plasma glucose concentration and probably also pro-
duces an insulin-resistance effect on target cells. None of
the other included pancreatic or endocrine diseases
showed a significant correlation with DM. In this type
of study, there is a risk of underestimating the
occurrence of diseases that are difficult to diagnose.

In the multivariable analysis we used a shared frailty
effect for breed, corresponding to the effect of a group
(random effect) in survival analysis. In a shared frailty
model, the frailty effect can be considered to represent
the effects of unmeasured predictors that the individuals
have in common.” In an early model in which we did
not control for breed effect, there were significant effects
of earlier episodes of pancreatitis, adrenocortical in-
sufficiency, and hyperadrenocorticism for DM. This
effect disappeared (except for hyperadrenocorticism)
when we added the breed effect, indicating that breed

was a confounder for these diseases. This result
emphasizes the importance of controlling for potential
breed effects in clinical studies.

Conclusion

The present study confirms the results of earlier
epidemiologic studies regarding the variability in the
incidence of DM among different dog breeds. The
significant breed-specific, sex, and age differences shown
in this study indicate that genetic variation could make
breeds more or less susceptible to different types of DM.
The results of this study require further investigation,
primarily concerning the reasons for the differences in
disease characteristics among various breeds, and breed-
specific studies on the molecular genetics of DM in dogs
are warranted.

Footnotes
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