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Hypothyroidism in dogs is a common diagnosis with some breeds being more
prone to the condition. Autoimmune thyroiditis has an inherited component.
Breeders wish to reduce the incidence by any means possible. Currently, the only
opportunity lies in phenotypic testing of thyroid functionality. This retrospective
study evaluated thyroid hormone and thyroglobulin autoantibodies (TgAA)
analyses in dogs assessed multiple times to determine if the outcome changed
over time. Data were extracted from the Orthopedic Foundation for Animals
(OFA) database for 8,309 dogs which had been evaluated two or more times and
the initial classification was compared to a final classification. More than 90%
of dogs evaluated as normal for thyroid function remained normal in follow-
up assessments. The greatest change was seen for dogs initially evaluated as
equivocal; this was followed by a compensative autoimmune thyroiditis diagnosis
being revised to normal, though 50% of the latter evaluation remained classified
as compensative autoimmune thyroiditis. This suggests the presence of low levels
of autoantibodies may be transient and that a dog presenting with autoantibodies
should be reevaluated to confirm the development of autoimmune thyroiditis.
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Introduction

Thyroid hormones are vitally important to normal metabolism and physiological function
including the regulation of growth and development. Yet, hypothyroidism in the dog is a
common diagnosis (1-3) and some suggest that hypothyroidism may be over-diagnosed (3,
4). The vague and gradual onset of clinical signs associated with a reduction or lack of thyroid
hormone, such as changes to metabolism with associated weight gain, lethargy, and hair loss
(5), can result in clinical measurement of circulating thyroid hormones. Reliance on a subset
of circulating thyroid hormones, which may be influenced by many factors including
physiological status, diet, medications, age, and even breed of dog (6-12) is insufficient to truly
diagnose hypothyroidism and may factor into an over-diagnosis of the condition. A
comprehensive veterinary assessment of the dog including measures of circulating free and
bound thyroid hormones as well as thyroid stimulating hormone are necessary to accurately
diagnose hypothyroidism.

Most observed thyroid deficits are associated with primary hypothyroidism which
can be caused by either infiltration of cells associated with an immune response, such as
lymphocytes and macrophages, and are therefore referred to as lymphocytic thyroiditis,
or by the replacement of the thyroid parenchyma with adipose and connective tissue
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which is referred to as idiopathic hypothyroidism. In the latter
situation, the cause for the replacement is unknown although
most hypothesize that idiopathic hypothyroidism is the final
consequence of lymphocytic thyroiditis (4, 5, 13). Lymphocytic
thyroiditis, or autoimmune thyroiditis, can be inherited (14, 15)
with particular breeds more susceptible (2, 16). As its name
implies, autoimmune thyroiditis is a consequence of thyroglobulin
autoantibodies (TgAA) attacking the thyroid gland, resulting in
its gradual destruction and inability to synthesize necessary
thyroid hormones (17). Attempts to identify causal genetic
contributors have had limited success (18), leaving phenotypic
testing as the most reliable option for screening.

The development of lymphocytic thyroiditis (autoimmune
thyroiditis) is characterized by a progression through stages that
reflect the initial presence of TgAA, gradual decline in thyroid
function with a reduction in circulating free T4 (thyroxine) secretion,
arise in thyroid stimulating hormone (TSH) in an effort to restore T4
levels, and a final stage wherein the thyroid tissue is fully atrophied,
TgAAs are absent, T4 levels are very low, and TSH may be elevated or
within normal reference values (1, 3, 5, 14, 16). The initial diagnostic,
the presence of TgAAs, precedes clinical signs and changes in
circulating thyroid hormones (16, 17). The duration between the
presence of TgAAs and clinical signs is variable ranging from 12 to
18 months in dogs and sufficient diagnostic TgAAs are present by
24 months of age (14). This has led to the recommendation of thyroid
testing for TgAAs at a minimum of 12 months of age with periodic
retesting' and testing prior to 12 months of age is typically
uninformative because very few dogs have TgAAs at that age (14).

Appropriate phenotypic testing using a full thyroid profile for
canine breeding stock at the suggested screening age may reduce the
incidence of hypothyroidism (16). While a genetic test would
be preferred, at this time no definitive causal variants have been
identified in the development of canine autoimmune thyroiditis.
Previous work has shown an association between immune genes,
specifically dog leukocyte antigen (DLA) class II alleles, and
hypothyroidism (18, 19) although the variants in DLA class II genes
alone are insufficient to account for genetic susceptibility. Another
study found a shared risk haplotype for hypothyroidism across several
breeds that was not associated with the DLA region (20) while a
whole-genome sequencing study in Giant Schnauzers revealed a
deletion between two interferon alpha genes that is strongly associated
with protection against hypothyroidism (15). Like many complex
diseases, the causative mutation for canine hypothyroidism is yet to
be discovered, leaving phenotypic testing as the sole approach to
reducing incidence.

At present, the most effective screening tool for canine
hypothyroidism is assessing for the presence of TgAAs. Yet some of
the screening results are ambiguous or indicate subclinical thyroiditis
based on the presence of autoantibodies but normal/euthyroid

1 https://ofa.org/diseases/thyroid/

Abbreviations: Al, Autoimmune thyroiditis; CA, Compensative autoimmune
thyroiditis; DLA, Dog leukocyte antigen; E, Equivocal; |, Idiopathic hypothyroidism;
N, Normal; OFA, Orthopedic Foundation for Animals; TgAA, Thyroglobulin
autoantibodies; TSH, Thyroid stimulating hormone; T4, Thyroxine.
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hormone levels. One study followed a small cohort of dogs initially
diagnosed as subclinical and found that approximately one-third of
the dogs remained subclinical with normal reference ranges for
thyroid hormones, one-third were on thyroid hormone replacement
therapy, and the remainder were either considered normal for
thyroid function or still ambiguous (equivocal) (21). The present
longitudinal retrospective study sought to characterize changes in
thyroid parameters in a large cohort of dogs evaluated multiple times
to understand better the implications of phenotypic screening for use
in breeding decisions and canine health. We hypothesize that serial
testing allows for more accurate detection of hypothyroidism in
dogs. Additionally, we hypothesize that serial testing may lead to a
high rate of reclassification in dogs having ambiguous initial
testing results.

Methods

The complete Orthopedic Foundation for Animals (OFA) thyroid
database was queried for dogs, either pedigree or mixed breed,
having more than one thyroid evaluation. Data evaluated included
those publicly released and those withheld from public release from
April 1996 through July 2023. Only test results from approved and
certified testing laboratories are accepted by OFA. The certification
criteria for meeting the requirements for OFA include “quality
control, quality assurance and reagent certification...A site visit by a
qualified veterinary endocrinologist chosen by the OFA will
be required and continued quality assurance and quality control will
be necessary to maintain certification. Fully certified status can
be obtained by passing the site visit and passing the results of the first
OFA quality assurance assay result test” (https://ofa.org/diseases/
thyroid/thyroid-labs/ accessed June 16, 2025). The OFA categorizes
thyroid results as normal, equivocal, positive compensative
autoimmune thyroiditis (sometimes referred to as subclinical
thyroiditis), idiopathically reduced thyroid function (hereafter
referred to as idiopathic hypothyroidism in this manuscript reflective
of the OFA reports), and positive autoimmune thyroiditis based upon
criteria established in published literature (16, 22). The classifications
reflect the composite of the thyroid parameters tested. Normal
reflects negative TgAA levels, and normal free T4 and TSH
concentrations; autoimmune thyroiditis reflects the positive presence
of TgAA, reduced free T4 or increased TSH; compensative
autoimmune (subclinical) thyroiditis reflects the positive presence of
TgAA, normal free T4, and normal or increased TSH; idiopathic
hypothyroidism reflects the absence of TgAA, low levels of free T4
and increased TSH; and equivocal reflects an equivocal level of
TgAA, normal free T4 and TSH concentrations (Table 1).
Equilibrium dialysis testing is the approved OFA diagnostic method
used to measure free T4 for all evaluations. Breed, sex, date of birth,
and testing date were also recorded. Whether a dog was intact or
neutered is not recorded in the OFA database and therefore the sex
was simply male or female. Because all dogs had more than one
evaluation, initial classifications were compared to the final
classification for each dog; final classification was determined based
upon the thyroid parameters as defined by OFA classification (see
text footnote 1) and required two or more measurements indicating
stability of the classification. Dogs with unknown initial classifications
were removed from further study. For dogs having only two
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TABLE 1 Thyroid parameters underlying the orthopedic foundation for animals classification of thyroid status (16).

Classification Free T4 Thyroid Stimulating Thyroglobulin Autoantibodies
Hormone (TSH) (TgAA)

Normal Normal FT4 Normal TSH TgAA negative

Autoimmune Thyroiditis Reduced FT4 Increased TSH TgAA positive

Compensative Autoimmune Thyroiditis

(subclinical) Normal FT4 Normal or increased TSH TgAA positive

Idiopathic Hypothyroidism Reduced FT4 Increased TSH TgAA negative

Equivocal Normal FT4 Normal TSH TgAA detectable

TABLE 2 Initial and final classifications in 8,255 dogs evaluated with serial thyroid testing.

Classification Initial Final classification total
classification . . : : :
total (%) Autoimmune Compensative  Equivocal Idiopathic
thyroiditis autoimmune hypothyroidism
thyroiditis
Autoimmune thyroiditis 39 (0.5%) 13 15 7 0 4
Compensative autoimmune
thyroiditis 996 (12.1%) 36 489 179 7 285
Equivocal 3,140 (38.0%) 7 140 812 37 2,144
Idiopathic hypothyroidism 52 (0.6%) 1 0 18 8 25
Normal 4,028 (48.8%) 7 49 316 18 3,638
64 (0.8%) 693 (8.4%) 1,322 (16.0%) 70 (0.9%) 6,096 (73.9%)

evaluations, where the second was different than the initial, the final
classification was based on the results of the second evaluation. The
average ages (in months) of the first and second evaluations were
calculated for the entire cohort and per breed, as well as the time (in
months) between evaluation 1 and evaluation 2. The OFA ordered
categories of thyroid evaluation status, along with the repeated
measures on the same animal, required the application of the
R-language (23) logistic regression package ordinal (24). The ordinal
model included terms for sex, breed, a regression on the age (in
months) at the time of measurement, a term to distinguish the initial
from the final measurement and finally a term for the animal
providing the measurement, to accommodate the repeating of
ordinal scores. A probit link function, with 4 thresholds to
be estimated, facilitated the estimation of unknown parameters,
where animal and breed were included as random effects.

Results

Records from the OFA database yielded 8,309 dogs having
multiple thyroid evaluations, representing 161 different pedigree
breeds and a small mixed-breed cohort (designated as “hybrid” by
OFA), with 4,504 females and 3,805 males (Supplementary Table 1).
The number of evaluations ranged from two to eight tests for a given
dog with the vast majority having two tests (Supplementary Table 2).
Fifty-four dogs had unknown categories for their initial evaluation
and were excluded from further consideration, leaving 8,255 dogs. Of
these, 8,215 were pedigree dogs and 40 were hybrid dogs, consisting
of 4,481 females and 3,774 males (Supplementary Table 1). Males and
females were tested with equal frequency at 2.27 and 2.24 average
number of evaluations, respectively.
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The mean age of the initial thyroid evaluation was 29.7 months
(range 2-213 months) and an average of 18.3 + 16.7 months between
the 1-75 months,
Supplementary Table 3). Dogs with an initial to final evaluation of

initial and second evaluation (range
normal (Table 2; Supplementary Table 4, n = 3,638) were first tested
at an average age of 27.3 months (range 2-148 months). The average
age and the time between initial and second evaluation that were
recorded as normal for both evaluations are given in
Supplementary Table 4 for all individual breeds. Dogs with an initial
evaluation of equivocal and a final evaluation of normal (Table 2,
n =2,144) were first tested at an average age of 32 months (range
4-213 months). A small percentage of dogs (2.8%, 228 dogs) were
tested repeatedly under the age of 12 months with the majority of
those 228 (81.6%) being normal for both initial and final evaluations
and a very small proportion of those 228 (7.9%) being initially
equivocal with a final evaluation of normal. Of the dogs having an
initial equivocal evaluation (Table 2), 99.3% were 12 months or older
when initially tested and only 22 dogs evaluated under the age of
12 months (range 4-11 months). For these 22 dogs, 1 dog had
autoimmune thyroiditis, 2 dogs with compensative autoimmune
thyroiditis, 1 dog as equivocal, and 18 were normal in their
final evaluations.

Upon repeated evaluations, of the 8,255 dogs, 6,096 (73.9%)
were recorded as normal. The percentage of dogs in which any
classification remained the same from the initial to the final
evaluation was 60.1% (4,960/8,255). In initial evaluations, a normal
classification was the most frequent (48.8%), followed by equivocal
(38.0%), compensative autoimmune thyroiditis (12.1%), idiopathic
hypothyroidism (0.6%) and the fewest was inherited autoimmune
thyroiditis (0.5%) (Table 2). Final classification following repeated

testing revealed that 90.3% of dogs initially classified as normal
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TABLE 3 Final thyroid evaluation classifications for female and male dogs expressed as a percentage.

Autoimmune Compensative

autoimmune

thyroiditis

Equivocal® Idiopathic Normal®

hypothyroidism

thyroiditis

Female (n = 4,481) 0.62 8.77

14.10 0.71 75.79

Male (n = 3,774) 0.95 7.95

18.55 1.01 71.54

“Females and males are significantly different from each other p < 0.05.
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Box and whisker plot for the proportion of final thyroid classifications (Al, Autoimmune thyroiditis; CA, Compensative autoimmune thyroiditis; E,
Equivocal; |, Idiopathic hypothyroidism; N, Normal) for 24 breeds having at least 100 individuals evaluated multiple times. The box lines indicate
quartiles with the "X" indicating the mean, and the whiskers denoting the minimum and maximum observed evaluations.
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remained normal, 68.3% of dogs initially classified as equivocal
were classified as normal, 28.6% of dogs initially classified as
compensative autoimmune thyroiditis were classified as normal,
48.1% of dogs initially classified as idiopathic hypothyroidism were
classified as normal, and 10.3% of dogs initially classified as
autoimmune thyroiditis were classified as normal (Table 2). The
final classification differed from the initial classification in 39.9%
(3,295/8,255) of the dogs, with the majority of those being from
the equivocal group. Over the entire cohort, 58.2% of the dogs
(2,458/4,227) that were initially classified as being something other
than normal were then classified as normal after re-evaluation.
Conversely, 7.9% (316/4,028) of dogs initially classified as normal
received final evaluations of equivocal, 1.2% (49/4,028) were
classified as compensative autoimmune thyroiditis at the final
evaluation, 0.5% (18/4,028) were re-evaluated as idiopathic
hypothyroidism in the final evaluation, and 0.2% (7/4,028) of dogs
initially classified as normal received final evaluations of
autoimmune thyroiditis. In the final evaluation, 44 dogs initially
classified as equivocal (n =37) or compensative autoimmune
thyroiditis (n =7) were revised to idiopathic hypothyroidism
reflecting an overall revision of 0.8% to idiopathic hypothyroidism
in the cohort. The relative proportion of females and males differed
significantly (p < 0.05) in their final normal and equivocal thyroid
classifications (Table 3).

Twenty-four breeds had repeated thyroid evaluations on 100
or more individual dogs (Figure 1). Four dog breeds had final
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evaluations of autoimmune thyroiditis above 1% (Boxers, English
Setters, Rhodesian Ridgebacks, and Shetland Sheepdogs) with
Rhodesian Ridgebacks significantly different (p <0.05) for
autoimmune thyroiditis, compensative autoimmune thyroiditis,
and equivocal from the overall cohort proportion (Table 4; raw
data in Supplementary Table 5). Of these four breeds, Boxers,
English Setters, and Shetland Sheepdogs had less than 60% of dogs
evaluated as normal. The Boxer, Doberman Pinscher, German
Wirehaired Pointer, Great Dane, and Leonberger all had equivocal
evaluations in excess of 20% of the dogs tested. Eight breeds
(Bearded Collie, Belgian Tervuren, Bouvier des Flandres,
Dalmatian, Giant Schnauzer, Irish Setter, Poodle, and Vizsla) had
no dogs evaluated as having autoimmune thyroiditis. Five out of
24 breeds had more than 83% of the dogs evaluated as normal
(Australian Labradoodle, Belgian Tervuren, Borzoi, Irish Setter,
and Poodle).

The average age for an initial evaluation in these 24 breeds was
29.4 months 2-157 months),
18.5 + 16.7 months between the initial evaluation and the second

(range with an average of
evaluation (Supplementary Table 6). The Australian Labradoodle
had the youngest average age for the initial evaluation at 18 months
old (range 3-67 months), whereas the Borzoi had the oldest average
age of 35.9 months (range 9-111 months). The Australian
Labradoodle, Dalmatian, Doberman Pinscher, Mastiff, and Poodle
had dogs evaluated under 6 months of age, the youngest being the

Doberman Pinscher and the Poodle, each having one dog evaluated
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TABLE 4 Final thyroid classifications, expressed as a percentage, for breeds having at least 100 individuals evaluated multiple times.

Number of Autoimmune Compensative Equivocal Idiopathic Normal
dogs with thyroiditis autoimmune hypothyroidism
multiple thyroiditis
evaluations

ALL Combined 8,255 0.78 8.39 16.01 0.85 73.85
Alaskan Klee Kai 135 0.74 3.70 12.59 0.00 82.96
Australian Labradoodle 103 0.97 4.85 8.74 0.00 85.44
Basenji 111 0.90 6.31 10.81 0.90 81.08
Bearded Collie 161 0.00 0.00 17.39 0.62 81.99
Belgian Tervuren 194 0.00 3.09 11.86 1.03 84.02
Borzoi 312 0.64 5.45 9.94 0.96 83.01
Bouvier des Flandres 108 0.00 5.56 19.44 1.85 73.15
Boxer 138 2.17 21.01 21.01 0.72 55.07
Dalmatian 274 0.00 16.06 18.98 0.73 64.23
Doberman Pinscher 327 0.61 1.22 2294 2.45 72.78
English Setter 238 1.68 25.63 16.81 0.00 55.88
German Wirehaired Pointer 138 0.72 15.94 20.29 0.72 62.32
Giant Schnauzer 129 0.00 8.53 19.38 0.00 72.09
Golden Retriever 321 0.93 11.84 12.15 0.31 74.77
Great Dane 640 0.47 7.81 25.78 1.09 64.84
Irish Setter 256 0.00 5.08 10.16 0.39 84.38
Leonberger 131 0.76 9.92 22.14 0.76 66.41
Mastiff 149 0.67 4.70 17.45 0.00 77.18
Nova Scotia Duck Tolling

Retriever 114 0.88 1491 14.04 0.00 70.18
Poodle 433 0.00 4.85 10.62 0.46 84.06
Rhodesian Ridgeback 1,067 1.87 10.31 13.78 0.84 73.20
Shetland Sheepdog 144 2.08 18.75 18.75 0.69 59.72
Vizsla 153 0.00 9.15 10.46 0.65 79.74
Welsh Springer Spaniel 200 1.00 8.00 17.50 2.50 71.00

at 2 months of age; in the case of the latter, those dogs were
reevaluated over 18 months later and had an initial normal to a final
normal evaluation. The Rhodesian Ridgeback, having the most dogs
evaluated (Table 4, n = 1,067), had an average initial evaluation age
of 28.3 months (range 7-157 months) with an average of
19.2 + 16.2 months between the initial evaluation and the second
evaluation (Supplementary Table 6).

Discussion

This study demonstrated that dogs with normal thyroid
evaluations based upon TgAA levels, free T4, and TSH concentrations
tend to remain normal over multiple tests, therefore confirming the
efficacy of thyroid testing for use in breeding stock selection to reduce
the incidence of inherited hypothyroidism. The results also showed
that the initial classification of equivocal was most prone to revision
with follow-up evaluations. This is not unexpected given that the
thyroid parameters detected were unresolved, leading to a
classification as an equivocal evaluation. It is known that external
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factors such as diet (7, 25), exercise (26, 27), or ambient temperature
(28) impact measures of thyroid function. Physiological status such
as growth phase (29), reproductive state (29), breed, age, size, and
medical treatments [reviewed in (30) or females evaluated near estrus
(12,31, 32) also affect thyroid assessments. In this retrospective study,
only age, sex, and breed of dogs could be accounted for in the
analyses. Age of the dog at the initial classification did not appear to
influence the revision with the majority of the dogs (> 97%) which
were evaluated initially at 12 months or older. Elevated TgAA levels
indicative of subclinical or overt autoimmune thyroiditis are
detectable by 12 months of age and precede clinical manifestations of
the disease (16).

Because the classification as either equivocal or compensative
autoimmune thyroiditis relies solely upon the presence and amount
of TgAA with other parameters being normal, those are the
classifications that cause the greatest uncertainty with respect to the
biological import (21). These two classifications were also observed to
have the greatest number of revisions from the initial to the final
classification, which is not unexpected because those two
classifications are based on a single parameter that may be influenced
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by many non-thyroid related factors. For example, autoantibodies are
found in humans in the absence of disease and their appearance can
be transitory in response to environmental factors (33), and it has
been proposed in rats (34) and dogs (17, 35) that autoantibody
production to thyroglobulin is influenced by sex steroids. It has also
been reported that dogs can have circulating antibodies to IgG
antibodies (36), and these autologous IgG antibodies can influence the
outcome of tests for the presence of other antibodies (36, 37). Thus,
other factors beyond true autoimmune thyroiditis may be responsible
for the relatively high proportion of initial classifications as equivocal
and compensative autoimmune thyroiditis that are then revised with
additional testing.

Whether those classifications reflect biological instability of
thyroid disease or non-thyroid factors influencing the presence of
autoantibodies resulting in erroneous classification was investigated
in a prospective study. Egbert et al. (21) found that 42.5% of dogs
deemed subclinical (e.g., compensative autoimmune thyroiditis and
having positive levels of TgAA, had converted to clinical thyroiditis,
whereas 35% remained in the subclinical status having measurable
TgAA while being euthyroid; others have shown that more than 50%
of subclinical dogs remain subclinical and euthyroid and only 19%
converted to clinical hypothyroidism (5). Data from the present study
suggest that an initial evaluation based on detectable TgAA levels
above a certain threshold [e.g., 10% (38)] could possibly be revised
with follow-up evaluations. The high number of equivocal evaluations
being revised to normal would support the view that external
influences on the presence of detectable TgAA rather than disease
variability, underpin those intermediate categories. Additionally, a
number of dogs were revised to idiopathic hypothyroidism upon
reevaluation, with the majority of those being initially classified as
equivocal, indicating the utility of serial testing in accurately defining
the thyroid status of a given dog.

Although not every breed was represented in the cohort
reported here, similar to the findings of other studies, certain breeds
tested demonstrated a predilection to inherited hypothyroidism (2,
39, 40). Those breeds being the Boxer, English Setter, Rhodesian
Ridgeback, and Shetland Sheepdog, which presented with
significantly higher numbers of autoimmune thyroiditis,
compensative autoimmune thyroiditis, and equivocal evaluations in
the current study. Additionally, Boxers, English Setters, and
Shetland Sheepdogs are known to have other autoimmune
conditions (40-42) that are inherited which could contribute to a
heightened immune response. This could possibly account for the
presence of TgAA in these breeds, leading to the observed elevated
numbers of equivocal and compensative autoimmune thyroiditis
classifications. Many breeds are suspected to have inherited
hypothyroidism in their gene pool, and breed clubs recommend
thyroid evaluation as a health check prior to breeding; 49 breeds
require thyroid testing (https://ofa.org/chic-programs/ accessed
June 16, 2025). Those breeds would be submitted with higher
frequency to the OFA database and therefore represent a larger
proportion of the study cohort than breeds not considered at risk.
Susceptibility to autoimmune thyroiditis in several breeds and the
lack of genetic tests available underscore the need for reliable
phenotypic assessments. The present study demonstrated that dogs
evaluated as normal can be considered to have a very low likelihood
of being affected by autoimmune thyroiditis, and that information
can assist in reducing the incidence in a given breed. Vigilance in
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monitoring is still required should a dog exhibit clinical signs
of hypothyroidism.

In this study, the data demonstrated that males had a significantly
lower proportion of individuals evaluated as normal when compared
to females. This was unexpected because female dogs typically have a
higher incidence of autoimmune disorders (42) though neutering
tends to be associated with a higher frequency of autoimmune
conditions (43). Neutered male dogs have been previously shown to
have a higher prevalence of hypothyroidism (2). However, in a small
study, there were no detected differences in prevalence between
neutered males and females (44). Panciera (45) found that intact
males had the highest risk of hypothyroidism when compared to other
sex categories, while it’s been reported that intact females had a
significantly lower probability of presenting with hypothyroidism than
neutered males and females or intact males (43). In the present study,
neuter status was unknown, and whether a dog was intact or neutered
could have influenced the observations. The present study had
relatively equivalent numbers of males and females in those breeds
that were more prone to autoimmune thyroiditis and thus breed
sampling bias should not have contributed to the results. A recent
study of Eurasian dogs found that males had a greater proportion of
TgAA positive hypothyroid diagnoses than females and many fewer
males than females in the category of TgAA negative hypothyroid
(17). These conflicting published studies, coupled with the present
study data, could reflect a more general classification of
hypothyroidism rather than specific autoimmune thyroiditis based on
the presence of TgAA, or there may have been a greater proportion of
neutered dogs in the previously published study cohorts. Clearly, sex
is a factor in thyroid assessments and specificity of hypothyroid
classification is an important consideration when comparing studies.

A retrospective study is not without limitations. It is possible
that once a normal classification is obtained, owners will be less
likely to pursue additional testing. However, over 90% of the dogs
initially classified as normal remained normal with multiple
evaluations and a subset of dogs initially classified as normal (21%)
were retested three times and some up to seven times and remained
normal in the final classification. Another limitation is the absence
of complete medical records for the cohort, therefore, it was not
known if a concurrent illness or treatments could have affected the
outcome of the results (1). Although the OFA certifications are
predominantly used as a health screening test, that does not
preclude owners from having administered exogenous thyroid
supplementation to dogs initially receiving an equivocal,
compensative autoimmune thyroiditis, or autoimmune thyroiditis
evaluation. Although if exogenous thyroid medication is given, TSH
will be reduced (46) and that will not result in a normal evaluation.
Another limitation, noted above, is that neuter status was not
recorded and that could also impact the evaluation results. Finally,
the transitory nature of autoantibodies in that they decline post-
tissue destruction (17) may lead to the conclusion that the absence
of detectable TgAA may not be a reliable indicator of normalcy.
However, if the thyroid tissue is no longer present, the other thyroid
hormonal measures would be disrupted and a normal evaluation
precluded. Thus, an evaluation of normal would be reliable.

Despite the limitations of the existing phenotypic testing, assessing
thyroid testing by this method when done beyond the age of
12 months, does provide substantive information that can be relied
upon for use in breeding decisions to reduce the incidence of the
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condition (16, 17). Owners that receive an evaluation of
hypothyroidism are encouraged to repeat the evaluation at a later date
to verify the assessment as has been previously recommended (21).
The observation that 50% of those dogs initially evaluated as
compensative autoimmune thyroiditis remained classified as
compensative autoimmune thyroiditis despite multiple testing
suggests that the presence of TgAA while being euthyroid may not
be predictive of early stages of autoimmune-mediated hypothyroidism.
Whereas elevated levels of TgAA are predictive of autoimmune
thyroiditis (16, 17), their presence at low levels is cause for a follow-up
assessment. This clearly underscores the need for additional research
into immune-mediated hypothyroidism in dogs.

Data availability statement

All pertinent data analyzed in this study are included in the
published article and its Supplementary information files.

Ethics statement

Ethical approval was not required for the studies involving animals
in accordance with the local legislation and institutional requirements
because this study was excluded from review by the UC Davis
Institutional Animal Care and Use Committee because the project
includes aggregate veterinary clinic data. With submission, owners agree
to OFAs use of data to conduct research, and confidentiality was
maintained. Written informed consent was obtained from the owners for
the participation of their animals in this study.

Author contributions

AO: Writing - review & editing, Conceptualization, Writing —
original draft, Resources, Formal analysis, Project administration,
Methodology. JB: Methodology, Writing - review & editing,
Formal analysis. BP: Writing - review & editing. DB: Writing -
review & editing. CW: Writing - review & editing, Data curation,
Resources. TRF: Writing - review & editing, Methodology,
Formal analysis.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

References

1. Spence S. Canine hypothyroidism: avoiding over diagnosing the condition. In Pract.
(2022) 44:68-75. doi: 10.1002/inpr.74

2. O'Neill DG, Khoo JSP, Brodbelt DC, Church DB, Pegram C, Geddes RE. Frequency,
breed predispositions and other demographic risk factors for diagnosis of
hypothyroidism in dogs under primary veterinary care in the UK. Canine Med Genet.
(2022) 9:11. doi: 10.1186/s40575-022-00123-8

3. Bruyette DS. Canine hypothyroidism. In: DS Bruyette, N Bexfield, JD Chretin, L
Kidd, S Kube and C Langstonet al., editors. Clinical small animal internal medicine.
Hoboken, New Jersey, USA: Wiley (2020). p. 71-74.

Frontiers in Veterinary Science

10.3389/fvets.2025.1653398

Acknowledgments

We gratefully acknowledge the infrastructure support provided by
the Department of Animal Science, College of Agricultural and
Environmental Sciences, and the California Agricultural Experiment
Station of the University of California, Davis. We thank the
Orthopedic Foundation for Animals (OFA) for collecting and
collating the data. The authors would like to thank all the owners who
participated in submitting evaluations to OFA.

Conflict of interest

CW works for the Orthopedic Foundation for Animals as
Manager of Information Technology. DB and AO are members of the
Orthopedic Foundation for Animals Board of Directors.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1653398/
full#supplementary-material

4. Travail V, Fernandez Sanchez C, Costo JM, Valentine N, Conroy M, Lee V, et al.
Assessment of the likelihood of hypothyroidism in dogs diagnosed with and treated for
hypothyroidism at primary care practices: 102 cases (2016-2021). J Vet Intern Med.
(2024) 38:931-41. doi: 10.1111/jvim.16993

5. Mooney C. Canine hypothyroidism: a review of aetiology and diagnosis. N Z Vet J.
(2011) 59:105-14. doi: 10.1080/00480169.2011.563729

6. Kantrowitz LB, Peterson ME, Melian C, Nichols R. Serum total thyroxine, total
triiodothyronine, free thyroxine, and thyrotropin concentrations in dogs with nonthyroidal
disease. ] Am Vet Med Assoc. (2001) 219:765-9. doi: 10.2460/javma.2001.219.765

frontiersin.org


https://doi.org/10.3389/fvets.2025.1653398
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2025.1653398/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2025.1653398/full#supplementary-material
https://doi.org/10.1002/inpr.74
https://doi.org/10.1186/s40575-022-00123-8
https://doi.org/10.1111/jvim.16993
https://doi.org/10.1080/00480169.2011.563729
https://doi.org/10.2460/javma.2001.219.765

Oberbauer et al.

7. Castillo VA, Lalia JC, Junco M, Sartorio G, Marquez A, Rodriguez MS, et al.
Changes in thyroid function in puppies fed a high iodine commercial diet. Vet J. (2001)
161:80-4. doi: 10.1053/tvjl.2000.0523

8. Kantrowitz LB, Peterson ME, Trepanier LA, Melidan C, Nichols R. Serum total
thyroxine, total triiodothyronine, free thyroxine, and thyrotropin concentrations in
epileptic dogs treated with anticonvulsants. ] Am Vet Med Assoc. (1999) 214:1804-8. doi:
10.2460/javma.1999.214.12.1804

9. Ramsey IK, Evans H, Herrtage ME. Thyroid-stimulating hormone and total
thyroxine concentrations in euthyroid, sick euthyroid and hypothyroid dogs. J Small
Anim Pract. (1997) 38:540-5. doi: 10.1111/j.1748-5827.1997.tb03313.x

10. Hinderer J, Liideke ], Riege L, Bartel A, Kohn B, Miiller E, et al. Thyroid hormones
in canine pregnancy and lactation. Theriogenology. (2023) 203:43-52. doi:
10.1016/j.theriogenology.2023.03.005

11. Feldman EC, Nelson RW, Reusch C, Scott-Moncrieff JC. Canine and feline
endocrinology-e-book. St Louis, MO, USA: Elsevier health sciences. (2014) 77-135.

12. Hegstad-Davies RL, Torres SME, Sharkey LC, Gresch SC, Muiioz-Zanzi CA, Davies
PR. Breed-specific reference intervals for assessing thyroid function in seven dog breeds.
] Vet Diagn Invest. (2015) 27:716-27. doi: 10.1177/1040638715606953

13. Boretti E. S. Canine hypothyroidism: diagnosis and treatment. In: ESVE, Summer
School of Veterinary Endocrinology, Bologna, Italy (2018), 1-5.

14. Graham PA, Nachreiner RF, Refsal KR, Provencher-Bolliger AL. Lymphocytic
thyroiditis. Vet Clin N Am Small Anim Pract. (2001) 31:915-33. doi:
10.1016/S0195-5616(01)50005-4

15. Bianchi M, Rafati N, Karlsson A, Murén E, Rubin C-J, Sundberg K, et al. Whole-
genome genotyping and resequencing reveal the association of a deletion in the complex
interferon alpha gene cluster with hypothyroidism in dogs. BMC Genomics. (2020)
21:307. doi: 10.1186/s12864-020-6700-3

16. Graham PA, Refsal KR, Nachreiner RF. Etiopathologic findings of canine
hypothyroidism. Vet Clin N Am Small Anim Pract. (2007) 37:617-31. doi:
10.1016/j.cvsm.2007.05.002

17. Schlipf M, Fischer A, Patzl M, Hartmann K, Pankraz A, Dick M, et al. Laboratory
indicators of hypothyroidism and TgA A-positivity in the Eurasian dog breed. PLoS One.
(2023) 18:¢0280906. doi: 10.1371/journal.pone.0280906

18.Kennedy LJ, Quarmby S, Happ GM, Barnes A, Ramsey IK, Dixon RM, et al.
Association of canine hypothyroidism with a common major histocompatibility
complex DLA class II allele. Tissue Antigens. (2006) 68:82-6. doi:
10.1111/§.1399-0039.2006.00614.x

19. Wilbe M, Sundberg K, Hansen IR, Strandberg E, Nachreiner RE, Hedhammar A,
etal. Increased genetic risk or protection for canine autoimmune lymphocytic thyroiditis
in Giant schnauzers depends on DLA class II genotype. Tissue Antigens. (2010) 75:712-9.
doi: 10.1111/§.1399-0039.2010.01449.x

20. Bianchi M, Dahlgren S, Massey J, Dietschi E, Kierczak M, Lund-Ziener M, et al. A
multi-breed genome-wide association analysis for canine hypothyroidism identifies a
shared major risk locus on CFA12. PLoS Omne. (2015) 10:e0134720. doi:
10.1371/journal.pone.0134720

21. Egbert R], Basu P, Refsal KR, Petroff MG, Petroft BK. Changes in thyroid hormone
concentrations over time in dogs with autoimmune thyroiditis. Am J Vet Res. (2024)
85:1-6. doi: 10.2460/ajvr.23.08.0190

22. Ferm K, Bjornerfeldt S, Karlsson A, Andersson G, Nachreiner R, Hedhammar A.
Prevalence of diagnostic characteristics indicating canine autoimmune lymphocytic
thyroiditis in giant schnauzer and hovawart dogs. J Small Anim Pract. (2009) 50:176-9.
doi: 10.1111/§.1748-5827.2008.00696.x

23.R Core Team. (2025) R: a language and environment for statistical computing.
Available online at: http://www.r-project.org (Accessed July 21, 2025).

24. Christensen R. Ordinal: regression models for ordinal data. (2023). Available online
at: https://cran.r-project.org/web/packages/ordinal/index.html (Accessed July 21, 2025).

25. Chiofalo B, Fazio E, Cucinotta S, Cravana C. Thyroid and lipid status in guide dogs
during training: effects of dietary protein and fat content. Animals. (2019) 9:597. doi:
10.3390/ani9090597

Frontiers in Veterinary Science

08

10.3389/fvets.2025.1653398

26. Krogh AKH, Legind P, Kjelgaard-Hansen M, Bochsen L, Kristensen AT. Exercise
induced hypercoagulability, increased von Willebrand factor and decreased thyroid hormone
concentrations in sled dogs. Acta Vet Scand. (2014) 56:11. doi: 10.1186/1751-0147-56-11

27.Evason MD, Carr AP, Taylor SM, Waldner CL. Alterations in thyroid hormone
concentrations in healthy sled dogs before and after athletic conditioning. Am J Vet Res.
(2004) 65:333-7. doi: 10.2460/ajvr.2004.65.333

28. Fialkovi¢ovd M, Mardzinova S, Benkova M, Mojzisova J, Gadlova M, Sesztakova
E. Seasonal influence on the thyroid gland in healthy dogs of various breeds in different
weights. Acta Vet Brno. (2012) 81:183-8. doi: 10.2754/avb201281020183

29. Reimers TJ, Lawler DF, Sutaria PM, Correa MT, Erb HN. Effects of age, sex, and
body size on serum concentrations of thyroid and adrenocortical hormones in dogs. Am
J Vet Res. (1990) 51:454-7. doi: 10.2460/ajvr.1990.51.03.454

30. Bolton TA, Panciera DL. Influence of medications on thyroid function in dogs: an
update. ] Vet Intern Med. (2023) 37:1626-40. doi: 10.1111/jvim.16823

31.Scarpa P, Tagliasacchi F, Iavazzo E Beccaglia M, Monino A, Dri P, et al.
Relationship between thyroid function and sex hormones in female German shepherd
dogs. J Vet Intern Med. (2024) 38:81-92. doi: 10.1111/jvim.16959

32. Reimers TJ, Mummery LK, Mc Cann JP, Cowan RG, Concannon PW. Effects of
reproductive state on concentrations of thyroxine, 3,5,3'-triiodothyronine and cortisol
in serum of dogs. Biol Reprod. (1984) 31:148-54. doi: 10.1095/biolreprod31.1.148

33. Toplak N, Av¢in T. Autoantibodies induced by vaccine In: Y Shoenfeld, N Agmon-
Levin and L Tomljenovic, editors. Vaccines and autoimmunity. Hoboken, New Jersey,
USA: Wiley (2015). 93-102.

34. Ansar Ahmed S, Young PR, Penhale WJ. The effects of female sex steroids on the
development of autoimmune thyroiditis in thymectomized and irradiated rats. Clin Exp
Immunol. (1983) 54:351-8.

35. Krzyzewska-Mlodawska A, Max A, Bartyzel BJ. Influence of gonadectomy on
serum fT4 concentrations in male and female dogs. Electron ] Pol Agric Univ (2014) 17.
Available online at: http://www.ejpau.media.pl/volumel7/issuel/abs-01.html

36. Bergman D, Bickstrom C, Hansson-Hamlin H, Larsson A, Holst BS. Pre-existing
canine anti-IgG antibodies: implications for immunotherapy, immunogenicity testing
and immunoassay analysis. Sci Rep. (2020) 10:12696. doi: 10.1038/541598-020-69618-3

37. Rispens T, De Vrieze H, De Groot E, Wouters D, Stapel S, Wolbink GJ, et al. Antibodies
to constant domains of therapeutic monoclonal antibodies: anti-hinge antibodies in
immunogenicity testing. J Immunol Methods. (2012) 375:93-9. doi: 10.1016/;.jim.2011.09.011

38. Nachreiner RE, Refsal KR, Graham PA, Hauptman J, Watson GL. Prevalence of
autoantibodies to thyroglobulin in dogs with nonthyroidal illness. Am J Vet Res. (1998)
59:951-5. doi: 10.2460/ajvr.1998.59.08.951

39. Oberbauer AM, Belanger JM, Bellumori T, Bannasch DL, Famula TR. Ten
inherited disorders in purebred dogs by functional breed groupings. Canine Genet
Epidemiol. (2015) 2:9. doi: 10.1186/540575-015-0021-x

40. Ringstad NK, Lingaas F, Thoresen SI. Breed distributions for diabetes mellitus and
hypothyroidism in Norwegian dogs. Canine Med Genet. (2022) 9:9. doi:
10.1186/s40575-022-00121-w

41. Kooistra HS, Rijnberk A, Van Den Ingh TSGAM. Polyglandular deficiency
syndrome in a boxer dog: thyroid hormone and glucocorticoid deficiency. Vet Q. (1995)
17:59-63. doi: 10.1080/01652176.1995.9694533

42, Gershwin LJ. Autoimmune diseases in small animals. Vet Clin N Am Small Anim
Pract. (2010) 40:439-57. doi: 10.1016/j.cvsm.2010.02.003

43.Sundburg CR, Belanger JM, Bannasch DL, Famula TR, Oberbauer AM.
Gonadectomy effects on the risk of immune disorders in the dog: a retrospective study.
BMC Vet Res. (2016) 12:278. doi: 10.1186/s12917-016-0911-5

44, Sieber-Ruckstuhl NS, Riond B, Fracassi F, Kuemmerle-Fraune C, Meunier S,
Hofmann-Lehmann R, et al. Longitudinal assessment of thyroid function in dogs with
hypoadrenocorticism: clinical outcomes and prevalence of autoantibodies. J Vet Int Med.
(2025) 39:¢17232. doi: 10.1111/jvim.17232

45. Panciera DL. Hypothyroidism in dogs: 66 cases (1987-1992). ] Am Vet Med Assoc.
(1994) 204:761-7.

46. Ziglioli V, Panciera DL, Troy GC, Monroe WE, Boes KM, Refsal KR. Effects of

levothyroxine administration and withdrawal on the hypothalamic-pituitary-thyroid
Axis in Euthyroid dogs. J Vet Int Med. (2017) 31:705-10. doi: 10.1111/jvim.14711

frontiersin.org


https://doi.org/10.3389/fvets.2025.1653398
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1053/tvjl.2000.0523
https://doi.org/10.2460/javma.1999.214.12.1804
https://doi.org/10.1111/j.1748-5827.1997.tb03313.x
https://doi.org/10.1016/j.theriogenology.2023.03.005
https://doi.org/10.1177/1040638715606953
https://doi.org/10.1016/S0195-5616(01)50005-4
https://doi.org/10.1186/s12864-020-6700-3
https://doi.org/10.1016/j.cvsm.2007.05.002
https://doi.org/10.1371/journal.pone.0280906
https://doi.org/10.1111/j.1399-0039.2006.00614.x
https://doi.org/10.1111/j.1399-0039.2010.01449.x
https://doi.org/10.1371/journal.pone.0134720
https://doi.org/10.2460/ajvr.23.08.0190
https://doi.org/10.1111/j.1748-5827.2008.00696.x
http://www.r-project.org
https://cran.r-project.org/web/packages/ordinal/index.html
https://doi.org/10.3390/ani9090597
https://doi.org/10.1186/1751-0147-56-11
https://doi.org/10.2460/ajvr.2004.65.333
https://doi.org/10.2754/avb201281020183
https://doi.org/10.2460/ajvr.1990.51.03.454
https://doi.org/10.1111/jvim.16823
https://doi.org/10.1111/jvim.16959
https://doi.org/10.1095/biolreprod31.1.148
http://www.ejpau.media.pl/volume17/issue1/abs-01.html
https://doi.org/10.1038/s41598-020-69618-3
https://doi.org/10.1016/j.jim.2011.09.011
https://doi.org/10.2460/ajvr.1998.59.08.951
https://doi.org/10.1186/s40575-015-0021-x
https://doi.org/10.1186/s40575-022-00121-w
https://doi.org/10.1080/01652176.1995.9694533
https://doi.org/10.1016/j.cvsm.2010.02.003
https://doi.org/10.1186/s12917-016-0911-5
https://doi.org/10.1111/jvim.17232
https://doi.org/10.1111/jvim.14711

	Repeated thyroid function evaluations in the dog: a retrospective study of 8,309 dogs
	Introduction
	Methods
	Results
	Discussion

	References

