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Primary hypothyroidism is a common endocrine
disorder in dogs.1-4 Racing Greyhounds with poor

race performance, infertility, or alopecia are often sus-
pected of hypothyroidism, yet the clinical signs of thy-
roid hormone deficiency can be variable and are rarely
pathognomonic. Diagnosis of hypothyroidism is usu-
ally based on clinical signs, physical examination find-
ings, laboratory data, and results of thyroid function
tests.5-8 Interpretation of thyroid function tests can be
frustrating, as no single definitive test to diagnose
hypothyroidism in dogs is available.9-10 Furthermore,
nonthyroidal illness and some medications may inter-
fere with thyroid hormone metabolism, making inter-

pretation of thyroid function tests even more diffi-
cult.6-7,10-13 The availability of the canine thyroid-stim-
ulating hormone (cTSH) assay has improved diagnos-
tic capabilities to diagnose hypothyroidism when used
in conjunction with total thyroxine (T4) and free thy-
roxine (fT4) assays.7,9,14,15

Racing Greyhounds are often treated with medica-
tions known to interfere with the measurement of basal
thyroid hormone concentrations.10,13 Additionally,
Greyhounds may have lower basal thyroid hormone
concentration than do mixed-breed dogs.8,16,17 The pur-
pose of the study reported here was to evaluate thyroid
function in healthy Greyhounds, compare the results
with those of healthy non-Greyhound pet dogs, and
establish Greyhound-specific reference range values
for T4 and fT4.

Materials and Methods
Dogs—Our study included 98 healthy Greyhounds and

19 healthy non-Greyhound pet dogs. Greyhounds were in 2
groups as follows: those receiving testosterone (T group) for
estrus suppression (n = 37) and those not receiving testos-
terone (NT group; 61). Mean age of T-group Greyhounds
was 1.4 years (SD ± 0.3; range, 1 to 2 years), and all were
actively racing. Females included in the NT group had not
received estrus suppressive medication for at least 1 year
prior to evaluation and were not actively racing (33 brood
bitches and 2 retired dogs). Males included in the NT group
were either actively racing (n = 10), at stud (8), or retired.8

Mean age of Greyhounds in the NT group was 4.9 years 
(SD ± 2.7; range, 1 to 11 years). Non-Greyhound pet dogs
served as a comparison population that was considered to
represent current reference range values for thyroid function
testing (n = 19). Breeds represented included 8 mixed-breed
dogs, 2 Golden Retrievers, and 1 each of Labrador Retriever,
English Setter, Boston Terrier, Boxer, Cocker Spaniel,
German Shorthair Pointer, Chihuahua, Dalmatian, and
Miniature Dachshund. Mean age of non-Greyhounds was 
5.2 years (SD ± 2.9; range, 1 to 14 years).

All dogs included in the investigation were considered
healthy on the basis of physical examination, CBC, and serum
biochemical analysis. Exclusion criteria included the adminis-
tration of thyroid supplementation, glucocorticoid, and ana-
bolic steroid agents (with the exception of testosterone in 
T-group Greyhounds) within 3 months of evaluation.

Thyroid function tests and assays—Thyroid-stimulating
hormone (TSH)a stimulation testing was performed on each
dog (n = 117). Additionally, all non-Greyhounds and 56
Greyhounds were also subjected to thyroid-releasing hor-
mone (TRH)b stimulation testing. For each dog undergoing
TSH and TRH stimulation, the tests were performed on sepa-
rate days not less than 3 days and not more than 60 days apart.
Serum T4c and fT4d concentrations were determined with
commercially available assays before and after TSH and TRH
stimulation. A commercially available cTSH assaye was used to
determine basal cTSH concentrations on available stored
serum from 87 Greyhounds and 18 non-Greyhounds. All
assays were performed at the Kansas State University
Gastrointestinal & Endocrine Function Laboratory. All sam-
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Objective—To evaluate thyroid function in healthy
Greyhounds, compared with healthy non-Greyhound
pet dogs, and to establish appropriate reference
range values for Greyhounds.
Animals—98 clinically normal Greyhounds and 19
clinically normal non-Greyhounds.
Procedures—Greyhounds were in 2 groups as fol-
lows: those receiving testosterone for estrus suppres-
sion (T-group Greyhounds) and those not receiving
estrus suppressive medication (NT-group
Greyhounds). Serum thyroxine (T4) and free thyroxine
(fT4) concentrations were determined before and after
administration of thyroid-stimulating hormone (TSH)
and thyroid-releasing hormone (TRH). Basal  serum
canine thyroid stimulating hormone (cTSH) concentra-
tions were determined on available stored sera.
Results—Basal serum T4 and fT4 concentrations
were significantly lower in Greyhounds than in non-
Greyhounds. Serum T4 concentrations after TSH and
TRH administration were significantly lower in
Greyhounds than in non-Greyhounds. Serum fT4 con-
centrations after TSH and TRH administration were
significantly lower in NT-group than T-group
Greyhounds and non-Greyhounds. Mean cTSH con-
centrations were not different between Greyhounds
and non-Greyhounds.
Conclusions and Clinical Relevance—Previously
established canine reference range values for basal
serum T4 and fT4 may not be appropriate for use in
Greyhounds. Greyhound-specific reference range val-
ues for basal serum T4 and fT4 concentrations should
be applied when evaluating thyroid function in
Greyhounds. Basal cTSH concentrations in
Greyhounds are similar to non-Greyhound pet dogs.
(Am J Vet Res 2001;62:1130–1133)
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ples were processed in duplicate, and duplicate control sam-
ples were included with each test batch for each assay. Test
results were considered acceptable if the control samples were
within expected values and the difference between duplicate
samples was less than 10%. The intra- and interassay coeffi-
cients of variation for the T4 assay were 5.6 and 7.6%, respec-
tively. The sensitivity of the assay was 2 nmol/L. Sensitivity of
the fT4 by equilibrium dialysis assay was 0.1 ng/dl, and the
intra- and interassay coefficients of variation were 4.7 and
6.9%, respectively. Sensitivity of the cTSH assay was 0.02
ng/ml, and the intra- and interassay coefficients of variation
were 6.5 and 8.7%, respectively. Canine reference range values
for basal T4, fT4, and cTSH cited in our study were established
by the Kansas State University Gastrointestinal & Endocrine
Function Laboratory. Reference range values were obtained
from 30 healthy (on the basis of physical examination findings
and CBC, serum biochemical analysis, urinalysis, and heart-
worm testing results) non-Greyhounds between the ages of 2
and 11 years of age. None of dogs were on any medications,
other than heartworm preventive and flea products, for the
preceding 3 months.

Sample collection—Blood samples were collected from
each dog immediately before and 6 hours after IV adminis-
tration of 0.1 U of TSH/kg of body weight.8,17,18 For dogs
undergoing TRH stimulation, blood samples were collected
from each dog immediately before and 6 hours after IV
administration of 200 µg of TRH/dog.19 Serum was harvested
from blood samples within 2 hours of collection and frozen
at –70 C until analysis, at which time serum T4 and fT4 con-
centrations were determined. Basal cTSH concentrations
were determined on available serum samples after 6 to 18
months of storage at –70 C.

Statistical analysis—Mean serum T4 and fT4 concen-
trations for each group were compared, using a 1-way
ANOVA. When significant differences (P ≤ 0.05) were found,
post hoc comparisons were made with the Student Neuman
Keuls multiple comparison test and repeated measures analy-
sis. Each dog is represented by a single data point for basal
T4, fT4, and cTSH.

Basal T4 and fT4 data from all Greyhounds were used in
the establishment of Greyhound-specific reference range val-
ues. Greyhound reference range values for basal T4 and fT4
were established, using 1.96 SD above and below the mean.

Results
Mean basal serum T4 and fT4 concentrations were

significantly lower in Greyhound groups (T and NT

group) than in non-Greyhounds (Table 1). After TSH
administration, Greyhounds had significantly lower
mean serum T4 concentrations than non-Greyhounds;
however, within the Greyhound groups, mean serum T4
concentrations were significantly higher in T-group
than in NT-group Greyhounds. Mean serum fT4 con-
centrations 6 hours after TSH administration were sig-
nificantly higher in non-Greyhounds and T-group
Greyhounds than in NT-group Greyhounds.

After TRH administration, mean serum T4 con-
centrations were significantly lower in Greyhound
groups than in non-Greyhounds. However, within
Greyhound groups, mean serum T4 concentrations
after TRH administration were significantly higher in
T-group Greyhounds than in NT-group Greyhounds.
Mean serum fT4 concentrations 6 hours after TRH
administration were significantly higher in non-
Greyhounds and T-group Greyhounds than in NT-
group Greyhounds.

Mean serum cTSH concentrations were not signif-
icantly different between Greyhounds and non-
Greyhounds (Table 1). Only 2 Greyhounds (NT group)
had cTSH concentrations above the reference range
values (1.3 and 0.74 ng/ml, respectively).

Greyhounds in the T group were significantly
younger than Greyhounds in the NT group or non-
Greyhounds (Table 1). Mean age was not different
between NT-group Greyhounds and non-Greyhounds.
Mean age of all Greyhounds (98) was 3.6 years (SD ±
2.7, range 1 to 11).

Basal T4, fT4, and cTSH concentrations in NT-
group females (n = 35) were 16.2 nmol/L (SD ± 6.7,
range 6.0 to 37.0), 14.2 pmol/L (SD ± 6.7, range 1.3 to
32.2), and 0.2 ng/ml (SD ± 0.25, range 0.03 to 0.45),
respectively. Basal T4, fT4, and cTSH was not different
between T-group (Table 1) and NT-group females.

Mean basal T4 for all Greyhounds (98) was 13.9
nmol/L (SD ± 6.0, range 2.1 to 37.0). Mean basal fT4
for all Greyhounds was 11.3 pmol/L (SD ± 6.2, range
1.3 to 32.2). Mean basal cTSH for all Greyhounds was
0.21 ng/ml (SD ± 0.18, range 0.03 to 1.3). Greyhound-
specific reference range values for basal serum T4 and
fT4 were calculated to be 2.1 to 25.7 nmol/L and 0 to
23.5 pmol/L, respectively.

Table 1 Mean values ± SD (range) of serum values for thyroid function testing in healthy Greyhounds and healthy non-Greyhound pet
dogs

Groups  

T group NT group PD group Reference range
Variables  (0 males, 37 females) (26 males, 35 females) (11 males, 8 females) values* 

Age (y) 1.4 � 0.3† (1–2) 4.9 � 2.7 (1–11) 5.2 � 2.9 (1 –14) NA  
Basal T4 (nmol/L) 14 � 5.6 (3–26) 13.9 � 6.3 (2.1–37) 25.7 � 6.9‡ (16–40) 10–45.5  
Basal fT4 (pmol/L) 11.6 � 5.8 (1.3–30.9) 11.6 � 6.5 (1.3 –32.2) 19.3 � 5.4‡ (11.6–30.9) 3.9–39.9  
T4 after TSH (nmol/L) 50.1 � 12.2 (31–78) 36.4 � 10§ (13–60) 68.9 � 6.2‡ (44–108) NA  

fT4 after TSH (pmol/L) 50.2 � 12.3 (14.2 –72.1) 37.3 � 13§ (12.9–78.5) 55.3 � 12.2 (36–83.7) NA  
T4 after TRH (nmol/L)II 32.3 � 8.9 (21–50) 20.3 � 10.5§ (8.2–60) 41.3 � 9.3‡ (27–58) NA  
fT4 after TRH (pmol/L)II 30.9 � 8.6 (18–52.8) 16.7 � 7.2§ (3.9–29.6) 29.6 � 10.5 (14.2–50.2) NA  
Basal cTSH (ng/ml) ¶ 0.22 � 0.12 (0.03–0.45) 0.2 � 0.21 (0.03–1.3) 0.32 � 0.17 (0.08–0.59) 0–0.64  

*As established by the Kansas State University-Gastrointestinal Endocrine Function Laboratory. †Significantly (P � 0.05) different, compared with NT and PD
groups. ‡Significantly (P � 0.05) different, compared with T and NT groups. §Significantly (P � 0.05) different, compared with T and PD groups. IINo. of dogs repre-
sented: T group = 20; NT group = 36. ¶No. of dogs represented: T group = 33; NT group = 54; PD group = 18.

T group = Greyhounds receiving testosterone. NT group = Greyhounds not receiving testosterone. PD group = Non-Greyhound pet dogs. T4 = Thyroxine. fT4 = Free
thyroxine. TSH = Thyroid-stimulating hormone. TRH = Thyroid-releasing hormone. cTSH = Canine thyroid-stimulating hormone. NA = Not applicable. 
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Discussion
Results of our study support previous reports13,16,17

that Greyhounds have lower basal thyroid hormone
concentrations than non-Greyhound pet dogs. Because
T4 is highly protein bound, the measurement of T4 in
Greyhounds may be affected by low plasma protein
concentrations that have been reported for athletic
canine breeds.20 Differences in plasma protein concen-
trations were not compared among groups in our
study. It is also possible that Greyhounds may be more
efficient in converting T4 to T3 or have a more sensi-
tive feedback mechanism resulting in decreased basal
T4 and fT4 concentrations.

The effect of testosterone on the measurement of
thyroid hormones was not directly evaluated in our
study. Mean basal serum T4, fT4, and cTSH concentra-
tions were not different between T-group and NT-
group Greyhounds; however, NT-group Greyhounds
included male Greyhounds, which makes direct com-
parison between these groups difficult. Basal T4, fT4,
and cTSH were not different between T-group and NT-
group females. This may indicate that the administra-
tion of exogenous testosterone does not affect the mea-
surement of basal serum T4, fT4, and cTSH concentra-
tions.

The comparatively higher after-TSH and -TRH
serum T4 concentration in non-Greyhounds was like-
ly the result of higher basal serum T4 concentrations.
It is unclear why T-group Greyhounds had higher after-
TSH and -TRH serum T4 concentrations than NT-
group Greyhounds; however, a possibility is that
testosterone administration may enhance thyroid
response to TSH. Additionally, basal T4 concentra-
tions21 and thyroid responsiveness to exogenous TSH22

in dogs may decline with advancing age, which may
have contributed to the difference in T4 concentration
after TSH and TRH stimulation between T-group and
NT-group Greyhounds.

The effect of exercise on measurement of thyroid
hormones was not directly evaluated in our study;
however, relative racing activity was not consistent
between groups. All Greyhounds in the T group were
in race training, whereas only 16% (10 of 61) in the NT
group and no non-Greyhound pet dogs were in race
training. Despite the difference in racing activity, basal
T4 and fT4 concentrations were not different between
Greyhound groups, and basal cTSH was similar among
all groups. Basal T4 and fT4 were different between
Greyhounds and non-Greyhounds, suggesting that a
breed variation may exist with regard to measurement
of basal T4 and fT4. Further investigation is required
to fully evaluate the effect of racing activity on thyroid
function in Greyhounds.

It has been reported that serum T4 and fT4 con-
centrations in dogs are greater during diestrus and
pregnancy than in any other phase of the reproductive
cycle.23 Additionally, no differences in thyroid hormone
concentrations have been observed between sexually
intact males or females in anestrus, proestrus, or dur-
ing lactation.23 The stage of estrus cycle was not deter-
mined in our study with exception of T-group
Greyhounds (anestrus).

A validated canine TSH assay was not available

when the blood samples were obtained for our study.
The cTSH assays in our study were performed, using
available serum after 6 to 18 months of storage at –70 C.
Although the stability of cTSH in frozen serum has not
been determined beyond 2 months of storage, the glyco-
protein pituitary hormones are considered stable when
managed with this storage method.f Mean cTSH concen-
trations were not different between Greyhounds and
non-Greyhounds in our study. Additionally, 98%
(103/105) of dogs had cTSH concentrations within the
reference range established for the laboratory used in our
study. Two NT-group Greyhounds had high cTSH con-
centrations, which agrees with results of previous stud-
ies in which a small percentage of euthyroid dogs were
determined to have high cTSH concentrations.14-15, 24

The lower limit of the Greyhound basal T4 and
fT4 reference range values established in our study
extend well below the lower limits of the non-
Greyhound T4 and fT4 reference range values previ-
ously established (Table 1). The lower limit for
Greyhound basal fT4 starts at 0 pmol/L, which may
increase the difficulty in distinguishing between euthy-
roid and hypothyroid Greyhounds. This also empha-
sizes the importance of evaluating T4 and cTSH when
investigating a diagnosis of hypothyroidism in
Greyhounds.

Results of our study indicate that previously estab-
lished canine reference range values for basal T4 and
fT4 may not be appropriate for Greyhounds.
Greyhound-specific reference range values for T4 and
fT4 should be used when evaluating thyroid function
in Greyhounds. Basal cTSH concentrations in
Greyhounds are similar to non-Greyhound pet dogs.

aThytropar, Rhone-Poulenc Rorer, Collegeville, Pa.
bThyrel, Ferring Laboratories, Inc, Suffern, NY.
cCanine Coat-A-Count T4, Diagnostic Products Corp, Los Angeles,

Calif.
dfT4 by Equilibrium dialysis, Nichols Institute, San Juan Capistrano,

Calif.
eIMMULITE canine TSH, Diagnostic Products Corp, Los Angeles,

Calif.
fRefsal K, Animal Health Diagnostic Laboratory, College of Veterinary

Medicine, Michigan State University, Lansing, Mich: Personal com-
munication, 1999.
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