Received: 5 January 2021
DOI: 10.1111/jvim.16281

Accepted: 1 October 2021

Journal of Veterinary Internal Medicine AC\?/I M

STANDARD ARTICLE

American College of
Veterinary Internal Medicine

Repeatability of a thyrotropin-releasing hormone stimulation

test for diagnosis of pituitary pars intermedia dysfunction in

mature horses

Yan Ning Kam? |

1School of Veterinary Science, The University
of Queensland, Gatton, Queensland, Australia

20ffice of the Director of Gatton Campus,
The University of Queensland, Gatton,
Queensland, Australia

Correspondence

Francois-René Bertin, School of Veterinary
Science, The University of Queensland,
Gatton, Queensland, Australia.

Kelly McKenzie! |

Mitchell Coyle®? | Francois-René Bertin?

Abstract

Background: Pituitary pars intermedia dysfunction (PPID) is a common endocrinopathy
of horses diagnosed with a thyrotropin-releasing hormone (TRH) stimulation test.
Hypothesis/Objectives: Describe the repeatability of TRH stimulation in horses with
and without PPID in winter and autumn.

Animals: Twenty adult horses; 6 controls and 6 with PPID tested in autumn, 8 controls
and 6 with PPID tested in winter with 3 controls and 3 with PPID tested in both seasons.

Email: f.bertin@ug.edu.au
Methods: Thyrotropin-releasing hormone stimulation was performed on 2 consecu-
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] tive occasions, 1 week before and 1 week after the winter solstice and the autumn
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equinox. Blood was collected before and 30 minutes after IV injection of 1 mg of
TRH. ACTH concentration was determined by a chemiluminescent assay. Repeatabil-
ity and test-retest reliability were assessed by repeated measures analysis of vari-
ance, intraclass correlation coefficient and within-horse coefficients of variation (CV).
Bland-Altman plots were generated to visualize agreement between repetitions.
Results: In winter, no week effect was detected on the results of the TRH simulation
and the test had an excellent test-retest reliability. In autumn, after-TRH ACTH con-
centrations were significantly lower on week 2 (P = .02) and the test only had a good
test-retest reliability. There were significantly larger within-horse CV during autumn
(P = .04) and after TRH stimulation (P = .04). There were 2 misclassifications in win-
ter and 4 in autumn.

Conclusions and Clinical Importance: The TRH stimulation test was repeatable when
performed 2 weeks apart in winter; however, in autumn, more variability in after-

TRH ACTH concentrations resulted in decreased repeatability.
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1 | INTRODUCTION
Pituitary pars intermedia dysfunction (PPID) is a common, slowly
progressive endocrinopathy that affects about 20% of horses aged
15 years and older.? The pathophysiology of this disorder remains
incompletely elucidated but the current understanding is that the dis-
ease would be attributable to an oxidative stress-induced degenera-
tion of the dopaminergic neurons located in the hypothalamus.®
Physiologically, those neurons have an inhibitory effect on the pars
intermedia of the pituitary gland; therefore, when they degenerate,
hormone-secreting adenomas or hyperplasia of the pars intermedia
develop.®

Horses with PPID frequently manifest overt clinical signs, includ-
ing hypertrichosis, pendulous abdomen, muscle atrophy, recurrent
laminitis, lethargy, increased susceptibility to infection, polyuria, poly-
dipsia, and abnormal sweating patterns.* As such, the diagnosis of
PPID can often be made on the basis of characteristic clinical signs.*
When clinical signs are not obvious, a laboratory diagnostic test is
required and measurement of ACTH concentration is often used to
establish a diagnosis.> Baseline ACTH concentration is considered as
an excellent test to diagnose PPID with an overall test accuracy above
90%, a median sensitivity above 75% and a median specificity above
75%; however, in autumn, test characteristics decline reducing its
diagnostic value.®” Considering that baseline ACTH concentrations
fluctuate with seasonal changes, stress, exercise and disease status,
the thyrotropin-releasing hormone (TRH) stimulation test was devel-
oped to standardize ACTH concentrations and improve diagnosis.®1#
The results of TRH stimulation tests vary with environmental factors,
the test still performs better than baseline ACTH with a greater accu-
racy, sensitivity, and specificity.®

The relevance of the TRH stimulation test for monitoring response
to treatment is unknown as there are conflicting results about an
effect of pergolide on the plasma ACTH concentration after TRH
administration.?>¢ Season and diet are 2 factors that could confound
the plasma ACTH concentration after a TRH stimulation test, with
higher plasma ACTH concentrations in autumn and after starch-rich
diets.}” There is no information on whether the TRH stimulation, with-
out other variables, is a repeatable diagnostic test and would therefore
be of clinical interest in the follow-up of cases suspected or treated for
PPID. The objective of this study was therefore to describe the repeat-
ability of the TRH stimulation test in horses with and without PPID in

winter and in autumn.

2 | MATERIALS AND METHODS

2.1 | Studysample

A total of 20 horses from the institutional herd (located at a latitude
of 27.5571° S) were selected for this study. Horses were classified as
controls or PPID based on clinical signs (present and historical) and
results of the first TRH stimulation test. Clinical signs consistent with

PPID included hypertrichosis or delayed shedding, epiaxial muscle

wastage, abnormal fat distribution or abnormal sweating.* In winter,
laboratory findings consistent with PPID were both an immunoreac-
tive plasma ACTH concentrations above 24.0 pg/mL at baseline and
above 53.2 pg/mL after TRH administration while, in autumn, labora-
tory findings consistent with PPID were both an immunoreactive
plasma ACTH concentrations above 58.3 pg/mL at baseline and
above 229.1 pg/mL after TRH administration.® In case of discrepancy
between clinical signs and ACTH concentrations (baseline or after
TRH administration), the horse was excluded from the study.

Beyond the clinical signs of PPID, physical exam findings indicated
that the horses were healthy. Horses were kept on the same paddock,
had not traveled in the month before enrollment in the study, were
fed the same hay on the same pasture and had received the same pre-
ventative medicine program. All procedures were approved by the
institutional animal ethics committee.

The winter solstice group comprised of 8 control horses (14 [11-23]
years; 5 geldings and 3 mares; Body condition score (BCS): 6 [3-8]/9)
and 6 horses with PPID (17 [12-21] years; 5 geldings and 1 mare; BCS:
7 [4-8]/9). The winter study sample consisted of Australian Stock
Horses (n = 5), Standardbreds (n = 4), Thoroughbreds (n = 3), Arabian
Horse (n = 1) and Warmblood (n = 1). The autumn equinox group con-
sisted of 6 control horses (14 [9-18] years; 4 geldings and 2 mares; BCS:
5 [4-8]/9) and 6 horses with PPID (14 [12-21] years; 6 geldings; BCS:
7 [4-8]/9). The autumn study sample comprised of Standardbreds
(n = 5), Australian Stock Horses (n = 4), Warmblood (n = 1), Thorough-
bred (n = 1) and Quarter Horse (n = 1). Only 6 horses were included in
both the winter solstice and the autumn equinox testing times as some
horses previously enrolled in the study had traveled to a different loca-
tion with a different diet or had received treatment making them

unavailable for the current study.

2.2 | Study design

A TRH stimulation test was performed on the horses over 2 study
periods, 7 days before and 7 days after the winter solstice (winter
week 1 and winter week 2) and 8 days before and 8 days after the
autumn equinox (autumn week 1 and autumn week 2) resulting in

4 instances of TRH stimulation test.

2.3 | TRH stimulation test

Fifty milligrams of synthetic TRH acetate salt (Sigma-Aldrich Co, Cas-
tle Hill, Australia) were reconstituted with sterile water for injection
by a sterile technique under a biosafety cabinet to produce 1 mg/mL
solution. One-milliliter aliquots were stored in sterile 3-mL syringes at
—20°C until use. The TRH stimulation test was conducted in the field
and 10-mL blood samples were collected before and 30 minutes after
IV injection of 1 mg of TRH (after TRH stimulation sample) as
chilled

Ethylenediaminetetraacetic acid tubes, stored with ice packs, cen-

previously described.?® Samples were collected in

trifuged and analyzed within 4 hours of collection.
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and the effect of TRH stimulation and time (week 1 and week 2)
were analyzed by a 2-way repeated measures analysis of variance
(ANOVA) in the overall study sample and then in control horses and
in horses with PPID separately. Considering the variability in immu-
noreactive plasma ACTH concentrations and the low number of
horses included in this study, the test-retest reliability of the TRH
stimulation test was determined by the intraclass correlation coeffi-
cient (ICC) and 95% Cl which determines the agreement between
the 2 instances the TRH stimulation test was performed during the
same season. The within-horse coefficient of variation (CV) was then
calculated for each season between immunoreactive plasma ACTH
concentrations obtained from each horse on week 1 and week 2, and
the effects of TRH stimulation, season and PPID status on CV were
evaluated with a 3-way repeated measures ANOVA. Finally, Bland-
Altman plots were created to assess the disparity between the weeks
(bias) and visualize the agreement between repetitions. A P-value of
<.05 was considered significant. Data analysis was conducted by sta-
tistical software (Prism 8.0.1 for Mac OS X, GraphPad Software Inc,
La Jolla, San Jose, California, and IBM SPSS Statistics Version 25, Syd-
ney, NSW, Australia).

3 | RESULTS

In the winter overall sample, there was significant effect of TRH admin-
istration on immunoreactive plasma ACTH concentration (P = .003),
but no significant effect of week was detected (P = .6, Figure 1). Two
horses classified as PPID on week 1 had immunoreactive plasma ACTH
concentrations below the diagnostic cut-off values on week 2. The ICC
was .97 (.9-.99), indicating excellent reliability. In the autumn overall
sample, there was a significant effect of both TRH stimulation (P = .02)
and week (P = .004) on immunoreactive plasma ACTH concentrations
with a significantly lower after TRH immunoreactive plasma ACTH con-
centration on week 2 (P = .02, Figure 1). Four horses classified as PPID
on week 1 had immunoreactive plasma ACTH concentrations below

the diagnostic cut-off values on week 2. Those 4 horses were different

(TRH) stimulation immunoreactive plasma ACTH concentrations in
winter and autumn in the overall sample on week 1 and week 2. Black
and gray dots represent immunoreactive plasma baseline and after
TRH immunoreactive plasma ACTH concentrations, respectively.

*P < .05 between groups. Scales on the y-axis were adjusted to
optimize data visualization. *P < .05 between groups

from the 2 misclassified in winter. The ICC was .97 (.9-.99), indicating
excellent reliability.

In the winter control sample, there was a significant effect of
TRH administration on immunoreactive plasma ACTH concentration
(P = .002), but no significant effect of week was detected (P = .06). The
ICC was .92 (.62-.99), indicating excellent reliability. In the autumn con-
trol sample, a significant effect of both TRH administration (P = .02) and
week (P = .04) was detected on immunoreactive plasma ACTH concen-
tration; however, no post hoc comparison reached statistical significance.
The ICC was .87 (.58-.98), indicating good reliability.

In the winter PPID group, there was a significant effect of TRH
administration on immunoreactive plasma ACTH concentration (P = .03),
but no significant effect of week was detected (P = .9). The ICC was .94
(.57-.99), indicating excellent reliability. In the autumn PPID group, no
effect of TRH administration was detected (P = .06) but a significant
effect of week on immunoreactive plasma ACTH concentration was
detected (P = .02); however, no post hoc comparison reached statistical
significance. The ICC was .97 (.8-.99), indicating excellent reliability.

The median within-horse CV in immunoreactive plasma ACTH
concentrations was 15.3 (10-27.8) and within-horse CV were signifi-
cantly higher in autumn (P = .04) and after a TRH stimulation
(P = .04) but there was no significant effect of PPID status (P = .9,
Figure 2).

The Bland-Altman plots showed a good agreement between week
1 and week 2 in immunoreactive plasma ACTH concentrations after
TRH stimulation among the overall study sample in winter; however,
in autumn, the agreement was limited. The mean bias for week 1 vs
week 2 immunoreactive plasma ACTH concentrations after TRH stim-
ulation in winter was 2.6 pg/mL (95% limit of agreement: —25.2 to
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4 | DISCUSSION

The results of our study indicate that the TRH stimulation test is
repeatable test when performed 2 weeks apart in winter; however, in
autumn, more variability in immunoreactive plasma ACTH concentra-
tions after TRH administration results in clinically relevant decreased
repeatability leading to misclassification with the cut-offs used in this
study.

The TRH stimulation test resulted in a significant increase in immu-
noreactive plasma ACTH concentrations in all horses and all seasons
except for PPID horses in the autumn. TRH directly stimulates TRH
receptors on melanotropes in the pars intermedia of the pituitary
gland to release stored pro-opiomelanocortin (POMC), which is then
converted into ACTH and other peptides by prohormone convertases.®
In control horses, as ACTH almost exclusively originates from the pars
distalis, the increase in immunoreactive plasma ACTH concentration
after TRH stimulation is mild whereas in horses with PPID, as large
amounts of ACTH are secreted from the hyperplastic pars intermedia,
the increase in immunoreactive plasma ACTH concentration after TRH
stimulation is larger.? The absence of statistically significant increase in
ACTH concentration in PPID cases tested in autumn could be because

of the small number of PPID horses included in this study and the larger

thyrotropin releasing hormone (TRH) stimulation immunoreactive
plasma ACTH concentrations in winter (A) and autumn (B). The solid
line represents the bias whereas the dotted lines represent the upper
and lower 95% limits of agreement

variability in ACTH concentration observed at that season (121.4
+ 66.8 vs 393.3 + 331.4 pg/mL on week 1 and 107.4 + 80 vs 292.7
+267.5 pg/mL on week 2).¢ With this variability between cases, to
achieve an a error of .05 and a power of .8, the number of horses
required per group would be 3479 were there in fact a difference.

In winter, immunoreactive plasma ACTH concentrations obtained
after the TRH simulation test did not significantly differ between
weeks, had an excellent test-retest reliability, and had a mean bias
within the intra- and interassay variability. Furthermore, the propor-
tional bias observed in the Bland-Altman plots with smaller differ-
ences with small immunoreactive ACTH concentrations suggests that
the 95% limits of agreement probably underestimate the level of
agreement between tests in winter. Taken together, these results indi-
cate that in winter, the TRH stimulation test is repeatable, and the dif-
ferences observed in this study could be because of assay variability.
Therefore, in a clinical context, this excellent repeatability would indi-

cate that performing a TRH stimulation test in winter could be
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recommended to monitor disease progression or response to treat-
ment. The potential reasons for this excellent repeatability could be
that winter is considered as a quiescent phase for the hypothalamo-
pituitary axis during which ACTH concentrations have less variabil-
ity.2° Two horses classified as PPID on week 1 had immunoreactive
plasma ACTH concentrations below the diagnostic cut-off values on
week 2. Although those horses had clinical signs consistent with PPID
(delayed shedding and hypertrichosis) and baseline immunoreactive
plasma ACTH above diagnostic cut-off values, their result after TRH
stimulation were only mildly above the diagnostic cut-off values on
week 1 (64.9 and 53.4 pg/mL). In those cases, a small decrease
in immunoreactive plasma ACTH after TRH stimulation on week
2 resulted in a misclassification (40.2 and 43.4 pg/mL, respectively).
Given that diet was kept consistent between the 2 testing instances, a
possible explanation for this not statistically significant yet clinically
relevant misclassification is the low diagnostic cut-off values used in
this study. Because the TRH stimulation test only induces the release
of ACTH stored in the melanotropes rather than de novo synthesis,
another explanation for this reduced response to TRH on week
2 could be the short time between the 2 tests. Repeating a TRH stim-
ulation test within 24 hours would yield different results as ACTH
stores are depleted.?! This explanation was also considered unlikely in
winter as the tests were performed 2 weeks apart and the decreases
in immunoreactive plasma ACTH concentrations after TRH stimula-
tion not consistent between horses.

In autumn, immunoreactive plasma ACTH concentrations obtained
after TRH simulation were significantly lower on week 2 in all groups,
only had a good test-retest reliability and had a mean bias larger than to
the intra- and interassay variability. Also, the proportional bias observed
in the Bland-Altman plots with larger differences with large immunoreac-
tive ACTH concentrations suggests that the 95% limits of agreement
probably overestimate the level of agreement between tests in autumn.
Taken together, these results indicate that in autumn, the TRH stimula-
tion test is not as repeatable as in winter, and the differences observed in
this study would not be because of assay variability but to test limita-
tions. These findings are in agreement with recent studies which consis-
tently reported a higher variability and wider Cls for immunoreactive
plasma ACTH concentrations measured 10 or 30 minutes after TRH
stimulation in autumn.®?? This variability has been explained by a
dynamic phase of the hypothalamo-pituitary adrenal axis characterized
by physiologically higher ACTH concentrations presumably to prepare
for the harsher climatic conditions of winter.2>2> In our study, however,
the magnitude of the bias and the variations were greater than previously
reported. A possible explanation for this discrepancy is the difference in
assays used between studies with the radio-immunoassay, commonly
used in previous studies, reporting lower immunoreactive ACTH concen-
trations than chemiluminescent assays.?® Another explanation could be
the physiological effect of season on our results; however, one would
expect an increase in immunoreactive plasma ACTH concentrations
between week 1 and week 2 rather than the decrease observed in our
study. Finally, in absence of changes in diet, a likely explanation is the
low number of horses enrolled in our study and the higher number of

horses with PPID; however, this number is similar to previous reports.’

Clinically, this lower repeatability in autumn resulted in 4 horses out of
6 classified as PPID on week 1 having immunoreactive plasma ACTH
concentrations below the diagnostic cut-off values on week 2. Similar
explanations as above could be used; however, the high specificity of the
diagnostic cut-off values of 97.6 (87.4-99.9)% used in this study for a
classification as PPID after TRH stimulation test in autumn would limit
the risk of false positives on week 1. This suggests that melanotrope
ACTH store depletion when TRH stimulation tests are performed
2 weeks apart would be more likely. An example of this hypothesis is the
results of 1 of those PPID cases with a immunoreactive plasma ACTH
concentrations after TRH administration of 376 pg/mL on week 1 falling
below the diagnostic cut-off value at 198 pg/mL on week 2.

The disease status of horses was not associated with higher
within-horse CV. This is not consistent with a previous study that
reported a high variability of immunoreactive plasma ACTH concentra-
tions among horses with higher immunoreactive ACTH concentrations
after TRH stimulation.?* Our inability to detect an effect of disease
status on within-horses CV is likely caused by the main limitation of
this study and the small sample size. The study sample consisted of a
group of mature full-sized horses of various breeds with a mixture of
clinically normal and abnormal horses. On 1 hand, this sample reflects
a clinically relevant sample but on the other hand, it increases variabil-
ity and limits statistical power. To limit other causes of variability, our
study was centered on the winter solstice and autumn equinox with
data collected over 2 weeks (1 week before and 1 week after the
event), limiting the variation in daylight between testing times and
corresponding to a comparably lower physiological variation in plasma
ACTH concentrations between the start and the end of the experi-
ment, and diets were kept the same between testing periods, to limit
possible confounders.r” Unfortunately, this has reduced our ability to
sample as many horses as initially anticipated.

In conclusion, we have demonstrated that, in this small group of
horses, the TRH stimulation test is repeatable in both control and
PPID horses in winter; however, in autumn, the repeatability of the
test, when performed 2 weeks apart, is limited leading to misclassifi-
cations. Therefore, repeat testing in autumn might be less reliable
when monitoring disease progression or response to treatment.
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