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Background: Naturally occurring adrenocortical insufficiency (NOAI) in dogs is considered an uncommon disease with

good prognosis with hormonal replacement treatment. However, there are no epidemiological studies with estimates for the

general dog population.

Objectives: To investigate the epidemiological characteristics of NOAI in a large population of insured dogs.

Animals: Data were derived from 525,028 client-owned dogs insured by a Swedish insurance company representing

2,364,652 dog-years at risk (DYAR) during the period between 1995–2006.
Methods: Retrospective cohort study. Incidence rates, prevalences, and relative risks for dogs with NOAI (AI with no

previous claim for hypercortisolism), were calculated for the whole dog population, and for subgroups divided by breed and

sex. Mortality rates were calculated and compared in dogs with NOAI and the remaining dogs overall.

Results: In total 534 dogs were identified with NOAI. The overall incidence was 2.3 cases per 10,000 DYAR. The relative

risk of disease was significantly higher in the Portuguese Water Dog, Standard Poodle, Bearded Collie, Cairn Terrier, and

Cocker Spaniel compared with other breeds combined. Female dogs overall were at higher risk of developing AI than male

dogs (RR 1.85; 95% CI, 1.55–2.22; P < .001). The relative risk of death was 1.9 times higher in dogs with NOAI than in

dogs overall.

Conclusion and Clinical Importance: The data supports the existence of breed-specific differences in incidence rates of

NOAI in dogs.
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Naturally occurring adrenocortical insufficiency
(NOAI) is generally considered an uncommon dis-

ease in dogs. However, there is a paucity of epidemio-
logical studies. One difficulty is to get good access to
clinical data on the general population of companion
dogs. Previous studies have often been limited to case-
series of dogs presented to veterinary practices or refer-
ral clinics,1–4 breed-specific studies5–7 and estimations
by breed-clubs,8,9 highly dependent on owners’ and

breeders’ voluntarily participation and reporting the dis-
ease of their dogs.

The majority of dogs with NOAI have primary AI
(ie, Addison0s disease),3 which is most commonly
considered to be associated with adrenalitis and adreno-
cortical atrophy, supported by evidence from pathol-
ogy-based reports of dogs with AI.10–13 Other causes of
primary AI include endogenous destruction because of
granulomatous processes,14 or infiltration of a primary
or metastatic neoplasm.15 Adrenocortical insufficiency
can also be caused iatrogenically during treatment of
hyperadrenocorticism,16–19 or by sudden withdrawal of
glucocorticoid treatment.

Previous estimates of incidence rates for AI in dogs
range from 0.13 to 0.6 per 1,000 dogs per year, depend-
ing on the population studied.1 The prevalence of
NOAI in a population of dogs presented to veterinary
clinics was 0.6 per 1,000 dogs per year.1 The occurrence
of NOAI in dogs is reported to be higher in certain
breeds including the Standard Poodle, Bearded Collie,
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and Portuguese Water Dog, with a reported occurrence
up to 10% within the study populations.3,5–7,20

Reported sex distributions of NOAI vary by study. Ini-
tially, a significant overall female predominance was
reported.1–4 However, subsequent breed-specific studies
on Standard Poodles, Portuguese Water Dogs, and
Bearded Collies failed to identify any significant differ-
ence by sex.5–7 The prognosis for dogs with NOAI on
hormone replacement treatment is generally believed to
be excellent, although there are few studies to support
this.21,22

In Sweden, there is a long tradition for dog owners
to insure their animals for veterinary care, loss of func-
tion and death. The national dog population has an
estimated size of 729,000 (�68,000) dogs. It is estimated
that about 30–40% of the entire population is insured
by 1 company – Agria Animal Insurance, Sweden.a, 23–25

Most dogs are first insured as puppies and stay insured
for veterinary care during life. Therefore, there are three
major advantages to performing epidemiological studies
on the insured dog population: large and known popu-
lation at risk, inclusion of dogs from early in life, and
long follow-up times.

Much remains unclear regarding AI in dogs. For
example, it is unknown whether the reported variations
in sex distribution represent true differences among
breeds or are merely related to how the study-popula-
tions were selected.

In order to characterize the epidemiology of NOAI in
dogs in a large, defined population of dogs at risk, data
derived from Agria-insured dogs during an 11-year per-
iod (1995–2006), were analyzed. Incidence rates, relative
risks, prevalence, and mortality rates were calculated
for dogs with AI, without a previous claim for hyper-
cortisolism.

Material and Methods

Animals

The study population consisted of dogs insured by Agria Ani-

mal Insurance, Sweden.a The insurance process has previously

been described in detail.24 Briefly, the insurance offers 2 main

options; veterinary health care and life. The insurance for veteri-

nary health care covers the costs exceeding a deductible chosen by

the owner. This insurance may be continued throughout most of

the life of the dog. When the dog is insured for life, the owner is

reimbursed the monetary value of the dog in the case of death

caused by disease or accident. Dogs in these data were not eligible

for life insurance after 10 years of age. Most insured dogs were

covered by both the veterinary care and life insurance. Dogs could

enter the insurance program from 6 weeks of age until 6 years of

age. Veterinary care events are recorded in the claims database

when a preset deductible has been exceeded or in case of reported

death with or without accompanying claim for life reimbursement.

In cases where more than 1 diagnosis is reported on the same

claim, only 1 diagnostic code is recorded in the database. Neuter

status was not available. Breeds are classified based on the classifi-

cation system by F�ed�eration Cynologique Internationale (FCI)

and Swedish Kennel Club breed classification system.

The insurance claim records for the period between January 1,

1995, and December 31, 2006 were accessed. Only dogs that were

covered for both veterinary care and life were included in the

study. Data collected from the records were breed, sex, date of

birth, date of life insurance claim, date, and type of insurance

claim (eg, veterinary care or life), and diagnostic code. Diagnostic

codes were assigned by the attending veterinarian based on a stan-

dardized diagnostic register.26 There was only 1 code, addressed as

“Addison0s disease” available for all conditions associated with

AI. Further discrimination (eg, into primary and secondary AI or

spontaneous and iatrogenic) was not possible. To decrease the

potential for inclusion of dogs with iatrogenically caused AI, dogs

were excluded if there was a history of claims for hypercortisolism

before or within 20 days after the first claim for AI. For the

remaining dogs (ie, dogs with a claim for AI excluding cases with

a previous claim for hypercortisolism) the term NOAI is used in

the present study.

For the cohort and breed-risk analysis, dogs were included,

regardless of age at the time of insurance or during the study per-

iod (1995–2006). An individual was considered to be an incident

case of AI at the time of the first recorded claim.

Analysis

Data analysis was performed with the R version 3.0.1 (www.

r-project.org). Incidence rates (IRs) were calculated based on num-

ber of new cases and the exact times at risk. Incidence rates were

expressed as number of cases per 10,000 dog-years at risk

(DYAR). Relative risks (RRs) were calculated by dividing the IR

for the population of interest with the IR of the residual popula-

tion (excluding the population of interest). Prevalence was calcu-

lated at the end of the study period in dogs that were still insured

at that time point. Mortality rate was calculated by expressing the

number of dogs that were registered as dead within the study per

10,000 DYAR. The 95% confidence interval (CI) for prevalence

was calculated with exact tests based on binominal distribution.27

Confidence intervals for IRs, mortality rates, and RRs were calcu-

lated with exact methods based on the Poisson distribution using

the “epiR” package (version 0.9–58),b and “exactci” package (ver-

sion 1.2–1).28 For determination of level of significance, Bonfer-

roni correction for multiple comparisons was applied, based on

the number of breeds included in the comparison (n = 110 for

RRs for breeds, n = 28 for sex distribution, n = 27 for mortality

rates). P-values <.05 after Bonferroni correction were regarded as

significant.

Results

The database included information on 525,028 dogs
accounting for 2,364,652 DYAR. The dogs were
divided into 354 breed categories. There were 260,552
(49.6%) female dogs, and 264,488 (50.4%) male dogs.
Median age at enrollment in insurance was 77 days
[interquartile range (IQR), 59–183 days]. Dogs con-
tributed a median of 3.8 DYAR (IQR, 1.7–6.8
DYAR).

Incidence Rate: Overall and by Breed

Of the dogs with at least 1 claim for AI during the
study period, 65 dogs had a previous claim for hypercor-
tisolism and were excluded. The remaining dogs
(n = 534) represented 110 different breed categories,
including each of the 30 largest (based on DYAR) breed
categories in the database. There were 74 Standard Poo-
dles, 35 Bearded Collies, 26 mixed breed dogs, 25 Cairn
Terriers, and 21 Golden Retrievers. The overall IR for
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NOAI was 2.26 cases per 10,000 DYAR (95%CI, 2.07–
2.46 cases per 10,000 DYAR). A significantly increased
RR of NOAI compared with the residual population

was seen in the Portuguese Water Dog, Standard
Poodle, Bearded Collie, Cairn Terrier, and Cocker
Spaniel (Fig 1). A significantly decreased RR for NOAI

Breed

Portuguese Water Dog

Standard Poodle

Bearded Collie

Cairn Terrier
Great Dane

Cocker Spaniel

Welsh Springer Spaniel

Riesenschnauzer

NSDTR
English Setter

Wachtelhund

Poodle other

Belgian Tervuren

WHWT
Shetland Sheepdog

Miniature Schnauzer

Bichon Frisé

Rottweiler

All
English Springer Spaniel

Border Terrier

Flatcoated Retriever

Border Collie

Crossbred
Golden Retriever

CKCS

Labrador Retriever

Drever .

German Shepherd
Norwegian Elkhound

Hamilton Hound

Dachshund

Yorkshire Terrier

IR
per 10,000 DYAR

(95%CI)

64.5 (34.4 - 122)

33.4 (26.6 - 41.9)

15.8 (11.4 - 22.0)

7.40 (5.03 - 10.9)
7.23 (3.18 - 16.9)

6.45 (4.35 - 9.59)

6.31 (2.96 - 13.7)

5.11 (2.25 - 11.9)

5.08 (2.61 - 10.0)
4.97 (2.19 - 11.6)

4.93 (2.54 - 9.72)

3.87 (2.51 - 5.97)

3.49 (1.54 - 8.14)

3.08 (1.52 - 6.34)
2.97 (1.63 - 5.46)

2.86 (1.41 - 5.89)

2.84 (1.40 - 5.86)

2.76 (1.52 - 5.08)

2.26 (2.07 - 2.46)
2.18 (1.26 - 3.81)

1.87 (0.824 - 4.37)

1.60 (0.706 - 3.74)

1.56 (0.801 - 3.07)

1.47 (1.01 - 2.15)
1.44 (0.946 - 2.20)

1.39 (0.684 - 2.85)

1.13 (0.678 - 1.90)

0.785 (0.319 - 2.01)

0.662 (0.373 - 1.18)
0.534 (0.165 - 1.93)

0.303 (0.0733 - 1.67)

0.294 (0.954 - 0.685)

0 (0.00 - 1.99)

RR 
(95%CI)

29.0 (13.2 - 55.5)

17.0 (13.1 - 21.8)

7.43 (5.11 - 10.5)

3.39 (2.17 - 5.06)
3.22 (1.04 - 7.57)

2.94 (1.87 - 4.43)

2.82 (1.03 - 6.17)

2.28 (0.736 - 5.34)

2.27 (0.973 - 4.50)
2.21 (0.715 - 5.19)

2.20 (0.946 - 4.37)

1.74 (1.05 - 2.72)

1.55 (0.501 - 3.64)

1.37 (0.547 - 2.84)
1.32 (0.630 - 2.45)

1.27 (0.508 - 2.63)

1.26 (0.505 - 2.62)

1.23 (0.585 - 2.28)

1
0.965 (0.496 - 1.70)

0.827 (0.267 - 1.94)

0.707 (0.229 - 1.66)

0.684 (0.294 - 1.36)

0.632 (0.409 - 0.938)
0.624 (0.383 - 0.963)

0.608 (0.243 - 1.26)

0.487 (0.264 - 0.824)

0.343 (0.0931 - 0.883)

0.278 (0.138 - 0.502)
0.234 (0.0282 - 0.849)

0.132 (0.00335 - 0.741)

0.122 (0.0394 - 0.286)

0 (0.00 - 0.875)

1.2

<

7.6

3.7

P

x 10-10 ***

<2.2 x 10-16 ***

2.2 x 10-16 ***

x 10-07 ***
0.043

1.3 x 10-05 **

0.044

0.15

0.057
0.16

0.066

0.031

0.45

0.51
0.47

0.64

0.65

0.61

1

0.88

0.59

0.36

0.020
0.031

0.23

0.0045

0.020

x 10-07 ***
0.019

0.0093

1.1 x 10-11 ***

0.030

0.01 1 100

Relative Risk

Fig 1. Incidence rate of adrenocortical insufficiency (AI), excluding cases with a previous claim for hypercortisolism, in a population of

525,028 insured dogs. Data from breeds with ≥5 cases of AI, and from breeds that had a reduced relative risk (RR) with P < .05 before

Bonferroni correction. NSDTR, Nova Scotia Duck Tolling Retriever; CKCS, Cavalier King Charles Spaniel; WHWT, West Highland

White Terrier; DYAR, dog years at risk; IR, incidence rate, cases per 10,000 DYAR; CI, confidence interval; RR, relative risk of AI within

the breed in comparison with the other breeds combined. Asterisks represent level of significance after conservative correction (Bonferroni,

n = 115) for multiple testing: *P < .05; **P < .01; ***P < .001.
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compared with the residual population was seen in the
German Shepherd Dog, and Dachshund.

Prevalence

At the end of the study period 191,434 dogs were
alive. Of these, 166 dogs had at least 1 claim of NOAI,
resulting in an overall prevalence of 0.0867% (95% CI,
0.0740% to 0.101%). The prevalence was 1.17% (95%
CI, 1.21% to 2.35%) in Standard Poodles, 1.16% (95%
CI, 0.240% to 3.35%) in Portuguese Water Dogs,
0.417% (95% CI, 0.200% to 0.766%) in Cairn Terriers
and 0.322% (95% CI, 0.0880% to 0.825%) in Bearded
Collies.

Sex

Of 534 dogs with NOAI, 64% (95% CI, 60% to
68%) were females, and 36% (95% CI, 32% to 40%)
were males. The overall IR in female dogs was 3.45
cases per 10,000 DYAR (95% CI, 3.10–3.84 cases per
10,000 DYAR). The overall IR in male dogs was 1.86
cases per 10,000 DYAR (95% CI, 1.61–2.15 cases per
10,000 DYAR). The RR in female dogs compared with
male dogs overall was 1.85 (95% CI, 1.55–2.22;
P < .001) (Fig 2). Sex proportion varied by breed. After
Bonferroni correction, female predisposition within the
breed was statistically significant in Golden Retrievers.
In Standard Poodles and mixed breed dogs among
others, incidence rates were not significantly different
between sexes (Fig 2).

Mortality Rates

Of the dogs that were registered as dead within the
study period, median age at death for dogs with NOAI
was 6.90 years (IQR, 4.33–8.46 years) and median age
at death for the other dogs overall in the same period
was 6.53 years (IQR, 3.56–8.60 years). Of the 534 dogs
with NOAI, 212 dogs were reported to die within the
study period. The mortality rate because of all causes in
dogs with NOAI was 664 (95% CI, 578–760) dogs per
10,000 DYAR. The mortality rate in the residual dogs
was 346 (95% CI, 344–348) dogs per 10,000 DYAR.
The relative risk of death was significantly higher in
dogs with NOAI compared with dogs without AI over-
all (RR, 1.92; 95% CI, 1.67–2.20; P < 2.2 9 10�16).
Cairn Terriers and Bearded Collies with NOAI had a
significantly increased relative risk of death compared
to other dogs without NOAI within the breed (Fig 3).
The RR of death for male dogs with NOAI was 1.78
(95% CI, 1.41–2.22) times that of male dogs without
NOAI overall. The RR of death for female dogs with
NOAI was 2.11 (95% CI, 1.77–2.50) compared with
female dogs without NOAI overall.

Discussion

This study reports epidemiological data for NOAI
during an 11-year period in a population of more than
500,000 insured dogs. The uniqueness of the study lies

in it being based on a large population of insured dogs.
Overall and breed-specific incidence rates are presented.
Sex variation was only shown in some breeds, and a
higher mortality rate was identified in dogs with AI
compared with other dogs. The results from this study
support the existence of breed-specific differences in the
behavior of AI in dogs.

The overall incidence rate of AI in this study was 2.3
cases per 10,000 DYAR. The overall prevalence was
almost 0.09%, which is in the magnitude of previous
prevalence estimates of 0.09–0.32% for both naturally
occurring and iatrogenic AI, and of 0.28% for NOAI.1,2

This also matches a previous statement of a 100 times
higher prevalence in the dog than in humans.6,29 The
highest IRs and RRs were, as anticipated, found in
the Portuguese Water Dog, Standard Poodle, and the
Bearded Collie.5–7 However, the figures for estimated
prevalence by breed in the present report are lower than
previously reported occurrences; 1.2% versus 8.6% for
the Standard Poodle,5 0.32% versus 4.5% to 9.4% in
the Bearded Collie,6,8 and 1.2% versus 1.7% to 7.0% in
the Portuguese Water Dog.9,20 The most probable
explanation for this difference is that the different stud-
ies look at different subsets of the overall AI picture.
The present study is based on a large cohort of dogs,
which represent an insured dog population comprising
approximately 30–40% of the national population dur-
ing the time of the study. Dogs were included at an
early age (median less than 3 months of age, upper
interquartile range about 6 months of age), which is
reflected by the median contribution of 3.8 DYAR per
dog. Previous calculations were positively biased with
the respect to proportion of dogs with NOAI, although
other factors may contribute such as differences in fam-
ily/bloodlines within a breed between countries. The
present results affirm the previously reported increased
risk of developing NOAI in the Cairn Terrier.3 In con-
trast to previous reports, the Cocker Spaniel breed was
associated in the present study with a significantly
increased risk of developing NOAI.1,3 The Cocker Spa-
niel is known to be predisposed for other immune-
mediated diseases such as immune-mediated hemolytic
anemia, immune-mediated thrombocytopenia, and
reportedly hypothyroidism.30–34 Therefore, it is reason-
able to assume that the adrenal gland would be another
target of the increased tendency for autoimmune reac-
tions seen in the Cocker Spaniel breed. The German
Shepherd Dog is another breed known to be predis-
posed to immune-related disorders, for example, atopic
dermatitis, unspecific dermatitis, enteritis, and exocrine
pancreatic atrophy.35 In contrast to Cocker Spaniels,
however, the German Shepherd dogs had a low risk of
NOAI. A possible explanation for the difference in the
risk of AI between the Cocker Spaniel and German
Shepherd Dog may be explained by dissimilarities in
the underlying pathophysiological mechanisms for the
immunological reactions. For example, it was recently
shown that atopic dermatitis may be related to a defect
in skin integrity because of an altered expression of the
desmosome protein Plakophilin 2.36 In Cocker Spaniels,
however, NOAI may be related to the class of major
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histocompatibility complex (MHC) which in humans is
shown to increase the likelihood of the development of
autoimmune AI29,37–39 and autoimmune diseases in
general.40

In this study, NOAI was generally more frequently
diagnosed in female dogs. However, incidence rates

between sexes varied by breed ranging from an almost
10 times higher risk of developing NOAI in female
Golden Retrievers than in male Golden Retriever dogs
to an equal risk of developing NOAI between sexes in
the Standard Poodle. As the calculations in this study
are based on dogs in the same population, the evidence

Breed IR female dogs
per 10,000 DYAR

(95%CI)

RR female dogs
(95%CI)

P

Grand Danois 13.4 (5.89 - 31.2) (0.779 - ) 0.092

English Springer Spaniel 3.85 (2.17 - 6.89) 10.2 (1.48 - 438) 0.0093

Golden Retriever 2.63 (1.69 - 4.11) 9.66 (2.33 - 85.5) 1.9 x 10 -4  *

Miniature Schnauzer 5.08 (2.38 - 11.0) 6.42 (0.779 - 295) 0.10

Rottweiler 4.15 (2.13 - 8.18) 3.51 (0.700 - 33.9) 0.16

Cairn Terrier 11.8 (7.60 - 18.5) 3.49 (1.34 - 10.7) 0.0074

Riesenschnauzer 7.59 (3.08 - 19.4) 3.42 (0.338 - 168) 0.48

Wachtelhund 7.13 (3.35 - 15.5) 2.79 (0.498 - 28.2) 0.34

WHWT 4.49 (1.98 - 10.5) 2.61 (0.427 - 27.4) 0.42

Bichon Frise 4.15 (1.83 - 9.69) 2.61 (0.427 - 27.4) 0.42

German Shepherd 0.931 (0.479 - 1.83) 2.49 (0.597 - 14.6) 0.27

Bearded Collie 22.1 (15.0 - 32.6) 2.39 (1.11 - 5.57) 0.024

Welsh Springer Spaniel 8.61 (3.50 - 22.1) 2.09 (0.300 - 23.1) 0.65

Portuguese Water Dog 85.1 (39.9 - 185.2) 1.97 (0.421 - 12.2) 0.52

All 3.45 (3.10 - 3.84) 1.85 (1.55 - 2.22) 3.9 x 10 -12  ***

NSDTR 6.28 (2.76 - 14.6) 1.63 (0.318 - 10.5) 0.75

Poodle other 4.75 (2.74 - 8.29) 1.57 (0.590 - 4.42) 0.44

Border Collie 1.88 (0.829 - 4.40) 1.56 (0.304 - 10.1) 0.809

English Setter 6.08 (2.21 - 17.8) 1.56 (0.179 - 18.7) 0.96

Cocker Spaniel 7.74 (4.72 - 12.8) 1.53 (0.629 - 3.98) 0.41

Shetland Sheepdog 3.57 (1.68 - 7.78) 1.51 (0.358 - 7.27) 0.75

Flat Coated Retreiver 1.87 (0.680 - 5.47) 1.42 (0.163 - 17.0) 1

CKCS 1.56 (0.634 - 4.00) 1.30 (0.220 - 8.87) 1

Labrador Retriever 1.27 (0.653 - 2.50) 1.29 (0.391 - 4.50) 0.84

Cross Bred 1.52 (0.914 - 2.56) 1.08 (0.464 - 2.56) 1

Standard Poodle 33.4 (24.5 - 45.7) 1.00 (0.619 - 1.63) 1

Border Terrier 1.60 (0.494 - 5.77) 0.755 (0.0631 - 6.59) 1

Belgian Tervuren 2.70 (0.835 - 9.75) 0.623 (0.0520 - 5.44) 0.94

Relative Risk
Female Dogs

0.1 10 10001

Fig 2. Incidence rate of adrenocortical insufficiency (AI), excluding cases with a previous claim for hypercortisolism, in female dogs by

breed. Relative risk (RR) represents the RR of AI in female dogs compared to male dogs within the same breed. Data is shown for breeds

with ≥5 cases of AI. NSDTR, Nova Scotia Duck Tolling Retriever; CKCS, Cavalier King Charles Spaniel; WHWT, West Highland White

Terrier; DYAR, dog years at risk; IR, incidence rate; CI, confidence interval; RR, relative risk. Asterisks represent level of significance

after conservative correction (Bonferroni, n = 28) for multiple testing: *P < .05; **P < .01; ***P < .001.
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is strong that there is a true difference in sex predisposi-
tion between some breeds. Furthermore, for the first
time we show that in the Golden Retriever more
females than male dogs get NOAI although the breed
was not at increased risk of developing NOAI com-
pared with all breeds, combined. This may have impor-

tant future implications. In people, it is estimated that
approximately 40% of human patients with the autoim-
mune adrenalitis have sporadically occurring, so-called
“isolated” form of primary AI.29 Adrenocortical insuffi-
ciency in the Golden Retriever thereby may prove to be
a model for isolated AI in women. Likewise the Stan-

Breed IR death
per 10,000 DYAR

(95% CI)

RR death
(95%CI)

P

Bichon Frisé 1070 (473 - 2510) 6.01 (1.94 - 14.1) 0.0034

Miniature Schnauzer 931 (338 - 2720) 5.68 (1.17 - 16.7) 0.034

WHWT 923 (335 - 2700) 4.92 (1.01 - 14.5) 0.049

Cairn Terrier 716 (403 - 1280) 4.32 (2.14 - 7.79) 1.6 x 10-4 **

Border Collie 1020 (371 - 2990) 4.12 (0.849 - 12.1) 0.075

English Setter 1300 (473 - 3800) 4.03 (0.826 - 11.9) 0.081

Wachtelhund 1030 (484 - 2250) 3.62 (1.32 - 7.93) 0.015

Poodle other 734 (378 - 1450) 3.35 (1.44 - 6.63) 0.0066

Crossbred 979 (565 - 1710) 2.93 (1.51 - 5.12) 0.0022

Bearded Collie 790 (508 - 1230) 2.92 (1.74 - 4.60) 1.2 x 10-4 **

Portuguese Water Dog 453 (140 - 1640) 2.84 (0.323 - 11.5) 0.34

Golden Retriever 600 (309 - 1180) 2.83 (1.22 - 5.59) 0.017

Shetland Sheepdog 611 (248 - 1560) 2.68 (0.729 - 6.90) 0.13

Cocker Spaniel 838 (472 - 1500) 2.29 (1.14 - 4.12) 0.021

Labrador Retriever 523 (212 - 1340) 2.26 (0.616 - 5.80) 0.21

Riesen Schnauzer 1220 (497 - 3140) 2.23 (0.604 - 5.73) 0.22

All 664 (578 - 760) 1.92 (1.67 – 2.20) <2.2 x 10-16 ***

Border Terrier 282 (68.3 - 1570) 1.85 (0.0466 - 10.3) 0.84

Great Dane 1940 (855 - 4530) 1.77 (0.574 - 4.15) 0.31

Standard Poodle 371 (235 - 586) 1.71 (1.01 - 2.74) 0.047

Welsh Springer Spaniel 291 (70.4 - 1620) 1.44 (0.0363 - 8.13) 1

CKCS 709 (258 - 2070) 1.39 (0.287 - 4.07) 0.73

Belgian Tervuren 457 (111 - 2540) 1.23 (0.0311 - 6.89) 1

NSDTR 377 (117 - 1360) 1.23 (0.149 - 4.47) 0.97

Flatcoated Retriever 595 (184 - 2150) 1.16 (0.140 - 4.19) 1

German Shepherd Dog 646 (284 - 1510) 1.10 (0.358 - 2.57) 0.95

English Springer Spaniel 241 (74.6 - 872) 0.841 (0.102 - 3.05) 1

Rottweiler 340 (105 - 1230) 0.567 (0.0687 - 2.05) 0.63

0.1 10.0
Relative Risk

Death

1

Fig 3. Mortality rate of adrenocortical insufficiency (AI) by breed in a population of 528,028 insured dogs. Dogs with a previous claim

for hypercortisolism were excluded. Data are shown for breeds with ≥5 cases of AI. NSDTR, Nova Scotia Duck Tolling Retriever; CKCS,

Cavalier King Charles Spaniel; WHWT, West Highland White Terrier; IR, incidence rate; CI, confidence interval; RR, relative risk of

death of AI dogs in comparison with overall within the breed. Asterisks represent level of significance after conservative correction (Bonfer-

roni, n = 28) for multiple testing: *P < .05; **P < .01; ***P < .001.
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dard Poodle and Bearded Collie may prove to be mod-
els for other forms of inherited AI in man.41 Informa-
tion about castration status of the dogs in the present
study is unknown. However, most Swedish dogs are
intact (78%).42 It can therefore be assumed that most
of the dogs in the insurance database are intact, which
may have influenced the risks of developing disease pos-
itively or negatively.1,3

The mortality rate was significantly higher in dogs
with NOAI compared with dogs overall, which may
indicate that there may be problems encountered during
the management of the disease that may lead to the
early death of the dog or may make the owner inclined
to opt for euthanasia. After Bonferroni correction,
Cairn Terriers, and Bearded Collies with NOAI had a
significantly higher mortality rate than dogs without
NOAI of the same breed. For breeds with small number
of NOAI cases, lack of power can be a reason for not
being able to detect a difference. However, in the breed
with most registered cases with NOAI, the Standard
Poodle, mortality rate in NOAI dogs was not signifi-
cantly higher than for other dogs of that breed after
Bonferroni correction. Breed-dependent differences may
exist. Our findings in the dog reflect what has earlier
been reported in humans. After an initial report on
excellent survival on glucocorticoid and mineralocorti-
coid hormone replacement treatment,43 there was pau-
city of prognostic studies for AI in people. Recently, 2
Scandinavian studies on long-term prognosis were pub-
lished, reporting a higher risk of mortality during the
early time-period after detection of Addison0s disease,44

and an increased risk of mortality was identified in
patients younger than 40 years.45 Additionally, a reduc-
tion in life expectancy was reported in both women (re-
duction by 3.2 years) and in men (reduction by
11.2 years).45 Further studies are needed to investigate
the underlying characteristics, and breed differences in
the increased mortality rate in dogs with AI.

There are a number of limitations to this study some
that may, depending on cause, have contributed to
either an increased or decreased incidence rate. In order
to include dogs with a lifetime longer than the total
duration of the study period (ie, 10 years), the study
also includes dogs that were born before the study per-
iod. Therefore, for some dogs, the first claim of diagno-
sis within the study may not be truly the first claim of
that dog, which may contribute to a slight overestima-
tion of the incidence rates. The main aim of the study
was to investigate the incidence rate of NOAI, therefore
dogs with a previous history of claims for hypercorti-
solism were excluded. Still there may be dogs included
that may have been iatrogenically caused by sudden
withdrawal of glucocorticoid treatment. There are no
pathognomonic signs for AI. Therefore, the diagnosis
of AI is dependent upon a test measuring the adreno-
cortical hormone-producing capacity, most commonly
the ACTH-stimulation test.4 Because the present study
is based on data from many different veterinarians, irre-
spective of level of specialization, there is a risk that
dogs with AI have been misdiagnosed as other more
common disorders such as renal failure or gastrointesti-

nal disease, alternatively AI could have been
erroneously diagnosed. Although the study period starts
at a time when important and extensive articles on AI
were published,1,3,21 which most probably contributed
to an increased awareness of the existence of the disor-
der among veterinarians world-wide, the study period
extended over a decade, during which there may have
been variation in the degree of awareness of and capa-
bility to diagnose the disease. Thus, the true incidence
in the general dog population may be higher or lower
than presented here. There may also be a negative bias
for the diagnosis in breeds that is not usually associated
with NOAI, and young dogs that died before 6 weeks
of age, which is the age limit for individual dog insur-
ance. Other potential risks for underestimation of dis-
ease incidence are that dogs were diagnosed with the
disease without exceeding the set deductible, or that AI
was not registered as first diagnosis, and therefore not
included in the database. However, the expected costs
for initial work up including veterinary consult, blood
work, ACTH-stimulation test, and control visits will
likely exceed the standard deductible. Likewise, due to
its severity, AI is likely to be chosen as first diagnosis at
time of diagnosis or at control visits. With increased
awareness of the disease and recognition of its many
faces of clinical presentation, it can be assumed that
increased testing for the disease will result in increased
incidence rates. Finally, even though the interquartile
ranges are largely overlapping, the slightly higher med-
ian age at death of the NOAI dogs may have con-
tributed to some degree to the overall increased
mortality rate found. However, at the end of the study,
the median age of breeds contributing with NOAI cases
was higher than the median age of all dogs (data not
shown). Thus, we do not expect differences in age distri-
bution to be a major determining factor for the
increased mortality rate observed in NOAI dogs in this
study.

In summary, in addition to being the largest epidemi-
ological study of NOAI in dogs reported in the
literature, the present study is based on a large and
well-defined population of dogs that are reasonably rep-
resentative of the general dog population. Importantly,
we present data supporting the presence of breed-speci-
fic differences in NOAI regarding incidence rates, sex
distribution and mortality rates, suggesting the existence
of different subtypes of NOAI in the dog, analogous to
what is known in people. More studies are needed to
further characterize AI in dogs with respect to possible
breed and sex differences, and long-term survival during
treatment.

Footnotes

a Agria Pet Insurance, Stockholm, Sweden
b EpiR, An R package for the analysis of epidemiological data.
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