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Background: Female Elkhounds are shown to be at increased risk for diabetes mellitus, and occurrence of diabetes during

pregnancy has been described in several cases.

Hypothesis: Onset of diabetes mellitus in Elkhounds is associated with diestrus.

Animals: Sixty-three Elkhounds with diabetes mellitus and 26 healthy controls.

Methods: Medical records from 63 Elkhounds with diabetes were reviewed and owners were contacted for follow-up infor-

mation. Blood samples from the day of diagnosis were available for 26 dogs. Glucose, fructosamine, C-peptide, growth

hormone (GH), insulin-like growth factor-1, progesterone, and glutamate decarboxylase isoform 65-autoantibodies were anal-

yzed and compared with 26 healthy dogs. Logistic models were used to evaluate the association of clinical variables with the

probability of diabetes and with permanent diabetes mellitus after ovariohysterectomy (OHE).

Results: All dogs in the study were intact females and 7 dogs (11%) were pregnant at diagnosis. The 1st clinical signs of

diabetes mellitus occurred at a median of 30 days (interquartile range [IQR], 3–45) after estrus, and diagnosis was made at a

median of 46 days (IQR, 27–62) after estrus. Diabetes was associated with higher concentrations of GH and lower concentra-

tions of progesterone compared with controls matched for time after estrus. Forty-six percent of dogs that underwent OHE

recovered from diabetes with a lower probability of remission in dogs with higher glucose concentrations (odds ratio [OR], 1.2;

P 5 .03) at diagnosis and longer time (weeks) from diagnosis to surgery (OR, 1.5; P 5 .05).

Conclusions: Diabetes mellitus in Elkhounds develops mainly during diestrus and pregnancy. Immediate OHE improves the

prognosis for remission of diabetes.

Key words: Growth hormone; Ovariohysterectomy; Progesterone.

O
ver 50 years ago, Campbell1 and Wilkinson2

reported that, in female dogs, diabetes often devel-
ops shortly after estrus. Wilkinson recommended
ovariohysterectomy (OHE) for diabetic female dogs,
which was considered a radical treatment option at that
time.2 In 1983, Eigenmann and colleagues3 reported 10
female dogs that had their initial diagnosis of diabetes
mellitus 3–5 weeks after estrus. All 10 dogs had signifi-
cantly increased concentrations of insulin and growth
hormone (GH) compared with other diabetic dogs
(males and castrated females) and healthy dogs. Some of
the dogs in that study recovered from their diabetic state
after OHE.
No additional case series have been published on this

specific subtype of diabetes (ie, diestrus diabetes) since
1983. The lack of publications probably is because of the

increased number of elective spays in the western world.
Diestrus diabetes, however, is considered quite common
in the unspayed dog population, and the onset is believed
to be triggered by the increase of progesterone and po-
tentially also mammary-derived GH during diestrus.4,5

The hormonal phase of diestrus mimics pregnancy with
respect to its length and hormone concentrations. In
Sweden, only about 7% of the total dog population is
spayed.6 We have reported previously that in the Swedish
and Norwegian Elkhound breeds, diabetes mellitus is
almost exclusively diagnosed in female dogs, accounting
for 97% of reported cases in a population-based study,4

and we also have reported that Elkhounds are predis-
posed to gestational diabetes mellitus.7

This study assesses the hypothesis that the onset of
diabetes mellitus in Elkhounds is associated with preg-
nancy, diestrus, or both and thereby may serve as a
natural model for studies of this specific diabetes sub-
type. Furthermore, clinical characteristics are described
including comparisons of relevant hormone concentra-
tions in diseased and healthy dogs at the same stage of
the estrus cycle. Potential immunoreactivity to glutamate
decarboxylase isoform 65 (GAD65) was analyzed to
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further elucidate the etiology. Factors affecting the
chance of remission after OHE are evaluated and
discussed.

Materials and Methods

Dogs

Case Recruitment Process. Since October 2005, blood samples

and medical information were collected systematically from dogs

diagnosed with diabetes mellitus in the Swedish Canine Diabetes

Mellitus Project (SCDMP). All Norwegian and Swedish Elkhounds

(hereafter referred to as Elkhounds) with diabetes mellitus recog-

nized in the SCDMP from October 2005 to July 2009 were included

in the present study. Diagnosis in each diabetic dog was based on

clinical signs and fasting hyperglycemia 47mmol/L (4125mg/dL)

or postprandial hyperglycemia 411mmol/L (4200mg/dL). From

26 dogs, sera were available from the day of diagnosis. Fasting sta-

tus was variable at sampling.

Control Recruitment Process. Control dogs were recruited pro-

spectively from 2007 to 2009 to the SCDMP by a personal letter to

all owners of female intact Elkhounds born between 1998 and 2002

registered in the Swedish Kennel Club. Owners willing to participate

in the study visited their local veterinarian 3–8 weeks after estrus. To

be included as healthy controls in the SCDMP, dogs had to have

normal fasting blood glucose and fructosamine concentrations at

this visit. They also had to be free from clinical signs of diabetes ac-

cording to the owners. Furthermore, all dogs were clinically

examined by the local veterinarian following a specific protocol.

For the present study, 26 control dogs were selected from the

SCDMP database to match cases with respect to group mean of

age, sex, and time after estrus at sampling.

Data collected from medical records and questionnaires in-

cluded: date of birth, end date of last estrus bleeding, date of onset

of clinical signs of diabetes, date of diagnosis, blood chemistry and

urinalysis results, clinical signs at diagnosis, type and duration of

treatment, body weight at diagnosis, date of remission if any, latest

contact with a veterinarian, cause and date of death. Dog owners

also were contacted for information on survival. The Swedish Ken-

nel Club registry was accessed for confirmation of birth dates and

pedigree information. If medical records were missing, dogs were

excluded from the study. For the hormone analysis study, only dogs

that were sampled on the day of diagnosis were included.

All sampling of dogs was approved by the owners by written

consent, the Swedish Animal Ethical Committee (no. C267/5), and

the Swedish Animal Welfare Agency (no. 2005–2038).

Clinical Pathology. Blood samples were drawn from the cephalic

vein into tubes without anticoagulant. Within an hour of sampling,

serumwas separated and sent at ambient temperature to the Clinical

Pathology Laboratory, University Animal Hospital at the Swedish

University of Agricultural Sciences. Upon arrival at the laboratory,

the samples were stored at �801C until analysis. Samples analysed

at a 2nd laboratory (Clinical Pathology Laboratory, Utrecht Uni-

versity) were sent on dry ice from the primary laboratory.

Sera were analyzed at the Clinical Pathology Laboratory, Uni-

versity Animal Hospital at the Swedish University of Agricultural

Sciences (C-peptide, fructosamine, progesterone, glucose, and insu-

lin) and the Clinical Pathology Laboratory, Utrecht University

(GH, and insulin-like growth factor-1 [IGF-1]). Serum glucose con-

centrations were determined by a glucose hexokinase method.a

Fructosamine was measured by a colorimetric assay, based on the

ability of ketoamines to reduce nitrotetrazolium blue formazans in

an alkaline medium.b Progesterone concentrations were determined

by a solid-phase, competitive chemiluminescent enzyme immunoas-

say.c C-peptide was measured with a commercially available

radioimmunoassay for canine C-peptide.d The instructions given

for the kit were followed accurately, except that the protease inhib-

itor aprotinine was added just before analysis instead of immediately

after sampling as earlier described by Fall et al.8 GH was analyzed

with a commercially available RIA for porcine and canine GHf as

described earlier by Beijerink et al.9 Serum IGF-1 concentrations

were measured by an in-house RIA, originally designed for use on

human sera, after acid-ethanol extraction to remove interfering IGF

binding proteins as described in detail by Favier et al.10

In Vitro Transcription and Translation of GAD65 and Immuno-

precipitation. A pCMV6 entry plasmid carrying a T7 promoter

sequence and GAD2,11 the gene encoding canine GAD65, was de-

signed and purchased from Origene.g The sequence of the insert was

confirmed and used for in vitro transcription and translation into a

radioactively labeled protein. The size of the protein was confirmed

to be 65 kDa on a precast BioRad Criterion gel.h Immunoprecipita-

tions were performed as earlier described12 with sera from cases and

controls. Two GAD65-positive human sera were used as positive

controls.

Statistical Methods. Data are expressed as median and inter-

quartile range (IQR). A graph of the Kaplan-Meier survivor

function is used to display survival time after diagnosis. Dogs that

were alive at the end of the study period were censored at the time of

last registered contact. A w2 test was used to evaluate if there was a

significant difference between cases and controls concerning fre-

quency of mammary tumors. The nonparametric Wilcoxon rank-

sum test was used to evaluate potential differences in different blood

chemistry variables at diagnosis.

Two separate logistic models were examined: outcome of treat-

ment classified as permanent diabetes or remission (treatment

model) and whether or not progesterone and GH concentrations

were associated with disease status (hormone model). In the treat-

ment model, the predetermined predictor variables were days from

onset of clinical signs to surgery (OHE), glucose concentration at

diagnosis, and owner’s perception of weight loss classified as yes or

no. In the hormone model, the predetermined predictor variables

were blood concentrations of GH and progesterone and number of

days from end of estrus to blood sampling. Because GH and prog-

esterone had a skewed distribution, values were transformed to the

natural logarithmic scale. To allow for nonlinear association, qua-

dratic terms of the continuous variables were introduced and, to

avoid colinearity, were centered. The predictive ability of the model

was evaluated by a receiver-operating characteristic curve (ROC).

Statistical significance was set at P o .05. All statistical analyses

were performed by SAS 9.1.3.i

Results

Clinical Findings

In total there were 63 eligible registered Elkhounds
with diabetes mellitus in the SCDMP register at the time
of the study. All were intact females at the time of diag-
nosis. Thirteen dogs had at least 1 parent animal in
common with another dog. Fifty-one dogs were of the
Swedish Elkhound breed and 11 were of the Norwegian
Elkhound breed. One dog was a cross-breed of a Swedish
and a Norwegian Elkhound. The dogs were diagnosed
and treated at 29 different Swedish veterinary clinics and
1 Norwegian veterinary clinic. Dogs were followed until
death or July 1, 2009. The median follow-up time was 198
days (IQR, 66–594) for the 51 dogs that survived 1 day or
more after diagnosis. Seven dogs (11%) were pregnant at
diagnosis. When testing different variables among preg-
nant and nonpregnant dogs, no differences were found
except for age of onset (P 5 .0025, with pregnant dogs
being younger), and therefore nonpregnant and pregnant
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diabetic dogs were considered as 1 group in further ana-
lyses. No dogs were on estrus-preventing medications.
First clinical signs of diabetes occurred a median of 30

days (IQR, 3–45) after last estrus and dogs were diag-
nosed with diabetes mellitus with a median of 46 days
(IQR, 27–62) after last estrus. A scatter plot of days after
estrus to first clinical signs is shown in Figure 1 together
with reported lengths of the stages of the estrus cycle.13

The owner complaints and clinical findings in the dia-
betic dogs are listed in Table 1.
Median age at diagnosis of the 63 diabetic dogs was 8.5

years (IQR, 7.9–10.1). Median weight of diabetic Swed-
ish Elkhounds at diagnosis was 26 kg (IQR, 24–30) (7
observations missing) and for diabetic Norwegian Elk-
hounds was 19 kg (IQR, 17–21). Control Swedish
Elkhounds (n 5 23) had a median weight of 26 kg (IQR,
23–28) and control Norwegian Elkhounds (n 5 3) 21 kg
(IQR, 20–21). Eleven diabetic dogs (17%) had palpable
mammary masses at diagnosis. Seven control dogs (27%)
had palpable mammary masses (P 5 .32, compared with
diabetic dogs).

Clinical Pathology

Blood samples were available from 26 diabetic dogs
from the day of diagnosis before any treatment was ini-
tiated and from 26 healthy dogs sampled 3–8 weeks after
estrus. Table 2 presents the glucose, fructosamine, C-
peptide, progesterone, GH and IGF-1-concentrations,
and P-values from Wilcoxon’s rank-sum tests. All dogs
were negative for GAD65-auto-reactivity with either ca-
nine or human radiolabeled GAD65. Cases had
significantly higher concentrations of glucose, fructosa-
mine, and C-peptide than control dogs.

Survival

Median survival time after diagnosis was 571 days
(95% CI, 152–1,184). Figure 2 shows a graph of the
Kaplan-Meier survival function for all dogs in the study
(n 5 63, 32 failures), for dogs with permanent diabetes
after OHE (n 5 21, 9 failures), and for dogs that recov-
ered from diabetes after OHE (n 5 18, 2 failures).

Treatment

Fourteen dogs (22%) were euthanized within 7 days of
diagnosis. Thirty-nine of the dogs in the study (62%) un-

derwent OHE and 34 of these were given insulin therapy
either with intermediate-acting porcine insulinj or recom-
binant human NPH insulin.k One dog that did not
undergo surgery was treated with insulin. Eighteen of 39
dogs (46%) recovered from their diabetes after OHE and
had normal glucose concentrations (after discontinuing
insulin treatment in insulin-treated cases) a median of 11
days (IQR, 1–51) after surgery. Of the 10 dogs that were
not treated by surgery and survived 47 days after diag-
nosis, only 1 recovered from diabetes. This dog had a
new episode of diabetes after the next estrus and then was
euthanized.

Logistic Regression Models

Results of the models are shown in Tables 3 and 4.
None of the quadratic terms tested in the 2 models was
significant, indicating a linear relationship of the contin-
uous variables and the outcome variable. Hence, the
quadratic terms were left out of the model. The ROC
curve demonstrated moderate predictive ability of
the models with areas under the curve of 0.86 and 0.76,
respectively.

In the hormone model, 6 dogs were excluded because
of missing variables, hence 46 dogs were included. The
model results from the log-transformed values are shown
in Table 3. The odds ratio (OR) for GH on the log scale
was 2.5, indicating that an increase in GH from 5 to
10 mg/L is associated with an OR of 2.7 for diabetes. Sim-
ilarly, an increase in progesterone from 10 to 20 nmol/L
is associated with an OR of 0.53 for diabetes.

In the treatment model, 6 dogs were excluded because
of missing variables, hence 33 dogs were included. The
median glucose concentrations at diagnosis were
24mmol/L (432mg/dL) (IQR, 21–26) and 18mmol/L
(324mg/dL) (IQR, 12–21) in the permanent diabetes
and remission groups, respectively. The median time
from onset of clinical signs to surgery was 4.4 weeks
(IQR, 2.9–7.7) in the permanent diabetes mellitus group
and 2.4 weeks (IQR, 1.4–3.9) in the remission group.
Seven of 17 (41%) dogs included in the model with per-
manent diabetes mellitus had lost weight whereas 2 of 16
(13%) dogs had lost weight in the remission group.

Fig 1. Onset of clinical signs of diabetes mellitus in Elkhounds com-

pared with stage in estrus cycle. Days after end of estrus bleeding on

x-axis. PE/E, proestrus/estrus.

Table 1. Owner complaints and clinical findings in 63 di-
abetic Elkhounds at day of diagnosis.

Number of

Dogs

Percent of Total Number of

Dogs (%)

Polyuria and

polydipsia

59 94

Weight loss 27 43

Polyphagia 10 16

Pyometra 11 17

Cataract 1 1.6

Mammary tumors 11 17

Pregnancy 7 11

Ketonuria 9 14
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Discussion

The main finding of this study is that the onset of di-
abetes mellitus in Elkhounds is dependent on the luteal
phase of the estrus cycle and pregnancy. The study also
adds important information on clinical characteristics of
diestrus diabetes and shows that early OHE improves the
chance for remission of diabetes. Based on the results of
this study, more informed clinical decisions may be
made. The study also indicates that genetic risk variants
for various forms of canine diabetes are unequally dis-
tributed among dog breeds.
The clinical presentation of the dogs in this study with

polyuria and polydipsia as main clinical signs is consis-
tent with earlier reports of diabetes in the dog.14 The age
at onset was somewhat higher than earlier reported for
Elkhounds in a population-based study of Swedish dogs.
In the present study, the onset of diabetes mellitus coin-
cided with pyometra in 10 cases (17%). The yearly risk of
pyometra in female Swedish Elkhounds is estimated to
be 2.5%, and the breed is ranked as a high-risk breed for
the disease.15 In a dog predisposed to diabetes, an epi-
sode of pyometra may worsen insulin resistance due to
inflammation and consequently accelerate diabetes.16,17

Krook et al discussed a possible relationship between di-
abetes mellitus and pyometra, and indicated that the
same breeds often are predisposed to the 2 diseases.18

There was a high prevalence of mammary tumors in
the present study, both in diabetic dogs and controls, but
no difference was found between the groups. Most of the
dog owners were unaware of the tumors before the clin-
ical examination. A high comorbidity of mammary
tumors and diabetes within a breed such as the Elkhound
could be explained by high mammary GH expression,
which creates a proliferative environment in the mam-
mary gland.19,20

In the present study, first clinical signs of diabetes oc-
curred during pregnancy or during the diestrus phase in
the present study, indicating an association with ovarian
hormonal activity. Our hypothesis is that those Elk-
hounds that are predisposed by genetic factors and age
to inadequate b-cell function, insulin resistance, high GH
production or some combination of these things, develop
diabetes during the progestational phases of the cycle.
Somewhat surprisingly, in the present study, we found
that diabetes was associated with lower progesterone
concentrations compared with controls. This finding is
not contradictory to our hypothesis because progester-
one concentrations still were much higher than anestrus
concentrations and apparently were high enough to stim-
ulate GH secretion.13 Moreover, this finding is in
agreement with a study of human GDM, in which prog-
esterone was reported described to be lower than in
healthy subjects, which may be due to lower luteal activ-
ity in the diabetic state.21

Several hormones such as progesterone, cortisol, and
placental GH have been proposed to cause the insulin
resistance seen in human pregnancies, but their separate
functional roles and how they interact remain un-
clear.22–24 Physiologic insulin resistance plays an impor-

Table 2. Descriptive statistics of different blood parameters in 26 diabetic Elkhounds and 26 healthy control
Elkhounds, matched on age and stage in estral cycle.

Unit Case Group (median, IQR) Control Group (median, IQR) Wilcoxon’s Rank-Sum Test

Glucose mmol/L 19.9 (14.2–26.9) 5 (4.5–5.4) P o .001

Fructosamine mmol/L 529 (345–866) 301 (289–334) P o .001

Progesterone nmol/L 11 (4–24) 21 (11–29) NS

C-peptide nmol/L 0.17 (0.08–0.40) 0.07 (0.03–0.19) P 5 .02

GH mg/L 6.8 (4.3–18.5) 5.1 (4.1–7.5) NS

IGF-1 mg/L 138 (61–369) 156 (108–312) NS

Age at sampling Years 8.5 (7.9–10.1) 8.4 (7.9–9.9) NS

Days after last estrus (sample) Days 46 (25–61) 40 (32–52) NS

NS, nonsignificant; GH, growth hormone; IGF-1, insulin-like growth factor-1; IQR, interquartile range.

Fig 2. Kaplan-Meier survivor function for Elkhounds diagnosed

with diabetes in the luteal phase. Ticks at time points at which dogs

are censored. Lower curve shows all dogs. Curve B shows dogs with

permanent diabetes after OHE and Curve A dogs, in which diabetes

resolved after OHE.

Table 3. Logistic regression of association of progester-
one and growth hormone (log-transformed values)
controlling for days from estrus to disease status in 26
diabetic dogs and 26 healthy controls.

Variable Odds Ratio 95% CI P Value

Growth hormone (log mg/L) 2.5 1.2, 6.0 .02

Progesterone (log nmol/L) 0.2 0.1, 0.6 .02

Days from estrus 1.0 1.0, 1.0 .92

CI, confidence interval.
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tant role in fetal growth.25 In humans, a placental version
of GH is produced in the placenta, which substitutes for
pituitary production during pregnancy.26 The situation
differs in dogs, in which it is the mammary gland that
produces GH under progesterone influence.27 Little is
known about placental production of the hormones men-
tioned above in dogs, and it is plausible that mammary
production of GH substitutes for placental production,
with the difference of being secreted even in nonpregnant
luteal phases. Normal cycling nonpregnant female dogs
have an altered profile of blood concentrations of GH
during the luteal phase of the estrus cycle with less pul-
satility and higher basal secretion due to mammary
secretion of GH28 and that GH and insulin concentra-
tions are higher in older compared with younger dogs
after injection of progestins.29 In the present study,
both cases and controls had higher concentrations of
GH and IGF-1 than did anestrus dogs in a recent study
by Beijerink et al using the same assays.9 However, the
differences in GH concentrations between cases and con-
trols in the present study were nominally much smaller
than in an earlier study by Eigenmann et al on diestrus
diabetes in which all diabetic dogs were clearly acrome-
galic.3 The study by Eigenmann et al differed from
the present study in several aspects, such as the lack of
breed- and estrus cycle-matched controls. Breed designa-
tions of the studied dogs were not indicated in the
paper by Eigenmann et al, but the study was unlikely
to have included many Elkhounds, which are mostly
found in Scandinavia and North America. Furthermore,
a different assay for measuring GH was used in that
study.
All dogs in the study were negative for GAD-65-

autoantibodies, indicating a nonautoimmune etiology.
Presence of such auto-antibodies earlier was reported in
some dogs presumed to have autoimmune permanent di-
abetes and children with type 1 diabetes, but not in women
with classical gestational diabetes or type 2 diabetes.30,31

C-peptide is secreted together with insulin and has
marginal hepatic uptake and a long half-life, which
makes it a better marker of insulin release than measur-
ing insulin itself.32 In the present study, there was large
variability in C-peptide concentrations in diabetic dogs,
which indicates that the dogs may have been in different
stages of disease at diagnosis and therefore may have had
variable loss of b-cell function.33 This finding differs
from that of Montgomery and others who showed that
most diabetic dogs do not have a significant C-peptide

secretion.34 However, many of these dogs were tested a
long time after diagnosis, and no information was given
on sex or breed designations. We showed earlier that
some female dogs that later recovered from diabetes had
high C-peptide concentrations at diagnosis.8 The finding
that C-peptide was higher in cases than controls in the
present study is difficult to interpret because all controls
were fasted whereas some cases had eaten before sam-
pling. Beta cells, however, can be assumed to be
stimulated in all cases, because of the hyperglycemia. Di-
abetic dogs had higher glucose and fructosamine
concentrations than did controls, which was expected.

An optimal study design to thoroughly study the hor-
monal changes in the diestrus diabetic state would
include stimulation tests or frequent serial sampling.
However, with the current study design, it was not pos-
sible to standardize sampling according to last feeding.
To our knowledge, ours is the 1st study to give support to
the hypothesis that dogs with diestrus diabetes should be
treated as soon as possible after the first onset of clinical
signs to avoid development of permanent diabetes melli-
tus. Progesterone and progesterone-induced mammary
GH secretion decrease tissue sensitivity to insulin, indu-
cing hyperglycemia if insulin secretion is insufficient.
Dogs generally seem to be sensitive to glucose toxicity
and lose their b cell mass quickly if challenged with
hyperglycemia. Imamura et al showed that a hyper-
glycemic clamp of 14mmol/L (250mg/dL) in partially
depancreatized dogs caused permanent diabetes within 2
weeks.35 Many diabetic dogs therefore are insulinopenic
at diagnosis, and dependent on insulin for survival re-
gardless of the cause of diabetes.8,34 In about half of the
cases in the present study, diabetes became permanent
although dogs underwent OHE. This outcome was prob-
ably due to chronic stress on b cells caused by
glucotoxicity. A reliable estimate of insulin secretion
would be helpful to clinicians using methods such as
the glucagon stimulation test.8,34 In the present study,
insufficient samples were available to include fasting
C-peptide in the outcome model. High glucose concen-
trations affected the outcome of treatment negatively
and may reflect b cell exhaustion or b cell death. In
Sweden, OHE traditionally is employed for spaying pro-
cedures instead of the less invasive procedure of
ovariectomy. Based on earlier reports, we suggest that
an ovarioectomy (traditional midline incision or lap-
aroscopic36) could be used instead of OHE for the
treatment of diestrus diabetes, as long as there is not
any evidence of uterine pathology.37 Bhatti et al has
shown that the increase in GH concentrations stimulated
by progestin also may be reversed by the progesterone-
antagonist aglepristone, which could be a short-term
alternative to early spaying.38

The number of Elkhounds euthanized at diagnosis
in our previous epidemiologic study was estimated to
be 70% and in the present study to be 22%.4 This dis-
crepancy is due to the fact that recruitment of dogs for
the present study was biased toward dogs with longer
postdiagnostic survival and lower frequency of euthana-
sia. This limitation of the study is explained by the fact
that it is inherently easier to get samples and acquire

Table 4. Logistic regression of probability of perma-
nent diabetes mellitus after ovariohysterectomy in 33
dogs with diestrus diabetes.

Variable Odds Ratio 95% CI P Value

Glucose (mmol/L) 1.2 1.0, 1.5 .03

Weight loss, yes versus no 2.2 0.3, 17.0 .44

Time in weeks from onset of

symptoms to OHE

1.5 1.0, 2.2 .05

CI, confidence interval; OHE, ovariohysterectomy.
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information from dogs that live longer. Hence, the suc-
cess rate of 46% recovery after OHE may be an
optimistic estimate.
Gestational diabetes is a major human health problem

and increases the risk for premature births, congenital
malformations, macrosomia, and fetal death.39,40 There
are large ethnic differences in the incidence of gestational
diabetes and mothers with a family history of diabetes
exhibit a higher risk, which demonstrates that strong ge-
netic factors are involved.41,42 Obesity and old age are 2
other well-known risk factors for GDM in humans.41,43

With this report, we have characterized diestrus diabe-
tes in Elkhounds. The larger-sized Swedish Elkhound
and the smaller-sized Norwegian Elkhound are 2 hunting
breeds that were classified as of the same breed until
1947. The incidence of diabetes has been reported to be
lower in Norwegian than in Swedish Elkhounds but with
the same female predisposition.4 From the results of this
study, we conclude that certain breeds may be predis-
posed to specific forms of diabetes. This may be caused
by genetic variants accumulated in these breeds, either by
‘‘hitch-hiking’’ effects through linkage with other desir-
able genes or by direct beneficial effects giving the animal
a survival advantage, such as better reproductive capa-
bilities in a cold climate.
The purebred dog is ideally suited for comparative stud-

ies aimed at identifying genetic and environmental risk
factors for spontaneous disorders with complex inheritance
such as gestational diabetes, using even a low number of
cases and controls.44 Our current cohort of diabetic dogs
and population-matched control dogs may allow identifi-
cation of genetic risk factors as well as environmental risk
factors underlying this syndrome. Thus, the naturally oc-
curring dog model could be of considerable importance in
understanding genetic and metabolic pathways leading to
gestational diabetes in both dogs and humans.

Footnotes

aGlucose, Thermo Clinical Labsystems Oy, Vantaa, Finland
bABX Pentra Fructosamine, ABX Diagnostics, Montpellier,

France
c Immulite 2000 Progesterone, Siemens Healthcare Diagnostics,

Deerfield, IL
dCanine C-peptide RIA, Linco Research, St Charles, MO
eTrasylol, Bayer, Göteborg, Sweden
f PGH-46HK; Linco Research
gOrigene, Rockville, MD
hBioRad, Hercules, CA
i SAS Institute Inc, Cary, NC
jCaninsulin, Intervet, Danderyd, Sweden
k Insulatard, Novo Nordisk, Bagsvaerd, Denmark
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